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EXPLORATIONS     RESEARCH AND DISCOVERY

For  prospective  parents, the customary one- or two-day wait to see fetal scans 
that might reveal abnormalities can seem interminable, but there are a couple of good 
reasons why it takes so long. The first problem is the fetuses: they wriggle, fidget, move, 
which makes it impossible to get a comprehensive and useful image. Radiologists 
solve that problem by scanning the fetuses “in slices” at different angles, then using 
computers to align the slices and create a three-dimensional image. That alignment, 
made possible with complex mathematical algorithms, is what takes so long. 

Jonathan Appavoo, a College of Arts & Sciences assistant professor of computer 
science, thinks the process shouldn’t take more than seconds. He’s convinced that 
doctors can speed up their work with cloud computing, a technology that allows those 
who need formidable computer power to rent it via off-site computers, over the internet, 

POWERFUL COMPUTING 
IS COMING TO YOUR 
DOCTOR’S OFFICE

BY RICH BARLOW

Medicine 
in the 
Cloud

rather than get it from their 
own machines. 

Appavoo is working with 
Ellen Grant, a radiologist at 
Boston Children’s Hospital, 
who is all too familiar with 
the anxiety-producing wait.

“Try explaining the wait
to a woman who is 22 weeks 
pregnant and trying to de-
cide to go on with the preg-
nancy,” says Grant. “So I say, 
‘Well, sorry, come back in 
a week.’ That doesn’t work 
very well. The biggest issue 
is getting the data back to 
the physician rapidly. That 
way you can make decisions 
as you’re working with 
patients—ideally, in almost 
real time.”

There’s little to be done 
about the fetal jig—“You 
can’t just strap them down,” 
quips Appavoo—but he and 
Grant are convinced that 
you can do something about 
the computers.

With a grant from the
new Massachusetts Green
High Performance Comput-
ing Center, which was 
co founded by BU, the 
two researchers devised 
algorithms similar in 
computational complex-
ity to those used in fetal 
scanning and fed them 
to a supercomputer at 
the U.S. Department of 
Energy’s Argonne National 
Laboratory. (Appavoo has 
clearance to use the facility, 
near Chicago.) When they 
asked the computer to 
match up pairs of images 
taken from different angles, 
as Grant must do with a 
dancing fetus, it shot back 
its analysis within seconds. 

Appavoo and Grant say 
the same kind of speed is 
feasible in an examining 
room that’s connected 
to sufficient computing 
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power. It needn’t be a 
supercomputer, they say; 
off-the-shelf computers 
clustered in data centers 
muster enough power 
together, potentially, to 
analyze images before the 
patient is even dressed. 
The duo’s next step is to 
write code to run real-
life fetal images through 
the computer. 

There’s no reason, says 
Appavoo, that high-quality 
images couldn’t be sent 
from a high-performance 

computing 
center to a 
doctor’s tablet 
and viewed 
bedside.

Other med-
ical proce dures 
and diagnoses 
would also 
gain from 
such power 

boosts. Geneticists, for 
example, would benefit 
from finger-snap analysis
of the genome and other 
data, says Grant, who also 
teaches at Harvard Medi cal 
School. Scans of cancerous 
tumors could be acceler-
ated, particularly if doctors 
could access databases for 
tumor genomes, like the one 
housed at the University of 
California at Santa Cruz.

Appavoo is a junior fel-
low at BU’s Rafik B. Hariri 

Institute for Computing 
and Computational Science 
& Engineering, where his 
break-the-paradigm mis-
sion is exactly the kind 
of work the institute seeks 
to support. 

His partnership with 
Grant is not as unlikely 
as it might seem. Grant,
who has a master’s degree 
in physics, met Appavoo 
about 10 years ago while 
studying at the University 
of Toronto, where he also 
was a graduate student, 
on his way to earning a 
master’s and a doctorate 
in computer science. Later, 
he went to work at IBM, 
where he plugged for his 
dream of alternative uses 
for supercomputers. 

In 2009, Appavoo joined
BU’s faculty, and Grant
journeyed up Common-
wealth Avenue to chat with 
her old acquaintance at a 
Univer sity meet and greet. 
Their shared interests and 
professional needs led to 
their research project.

 “Both of us are at that 
edge where we’re doing 
things that aren’t typical of 
the approaches taken,” says 
Appavoo, “which therefore 

means that we’re high risk. 
Which means we might fail 
spectacularly. But we’re 
trying things that are out 
of the normative. That’s 
sort of why the relation-
ship can easily work.”

Clinical care’s jump to 
warp speed could be the 
next big application of 
cloud computing, which  
typically uses data centers, 
not supercomputers, like 
the one at Argonne that 
was tapped by Appavoo.  
Business and governments 

have been turning to the 
cloud for several years. Drug 
companies save money by
hooking into Amazon.com’s
remote computing services 
platform, where they can
buy only as much comput-
ing power as they need 
and can pay by the hour. 
Researchers at Seattle 
Children’s Hospital use off-
site computers to search 
for better treatments for 
craniosynostosis, a skull-
disfiguring illness, scanning 
massive amounts of cellular 
data from patients.

Yet cloud technology has
taken the slow train to clini-
cal medicine, says Grant, 
partly because many ad-
vances in treatments must 
be approved by the U.S. Food 
and Drug Administration. 
She estimates it will be 5 to 
10 years before she and her 

† #$$%& '()&*,  a radiologist 
at Boston Children’s Hospital, 
says cloud computing could 
help physicians get test results 
back in seconds.

% +,&)*-)& .//)0,,  envisions 
the cloud operating like a 

public utility, serving all 
for the public good.

 WEB EXTRA  
BU computer 
scientist Azer 
Bestavros talks 
about how 
advances in 
big data help 
researchers 
in other fields 
at bu.edu/
bostonia.
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colleagues will have blink-
of-an-eye information at 
their disposal. 

Another obstacle, says 
Appavoo, has been a failure 
of imagination. 

“We have put a huge 
societal investment into
building these supercom-
puters,” he says. “But it’s 
very much been for the 

expectation that what 
we were doing was a cer-
tain type of science: simu-
la tions of very large-scale 
phenom ena.” 

In short, says Appavoo, 
big computers have not 
been thought of as tools 
for analyzing individual 
humans. When he and 
Grant share their vision 

with colleagues who use 
supercomputers, Appavoo 
says, the reaction tends 
to be, “What the hell are 
you talking about? This 
machine is to simulate the 
universe, not to be used 
for a few seconds.” 

Yet many of the day-
to-day problems faced by 
doctors are computational 

problems, Appavoo says. 
He envisions the cloud 
oper ating like a public 
utility, serving all for the 
public good. 

“Right now,” he says, “if 
a hospital CEO said, ‘I want 
time on a super computer,’ 
who are they going to call?
These are still very clois-
tered machines.”

Big data. Cloud com-
puting. The vocabulary 
of computer science 
expands to fit the tech-
nology—and the chal-
lenges. Big data refers 
to vaster-than-ever in-
formation, databases 
so massive that they 
require new compu-
tational techniques to 
make sense. And cloud 
computing, the practice 
of remotely tapping a 
large cluster of comput-
ers and paying only for 
power used, promises 
to make complex com-
putations affordable to 
enterprises of all kinds 
and sizes. 

BU’s Rafik B. Hariri 
Institute for Comput-
ing and Computational 
Science & Engineering 
sponsors about a dozen 
projects that involve 
computer scientists 
working across disci-
plines with their non-
technician colleagues, 
promoting computa-
tional approaches to 
research, and in the 
words of its mission 
statement, “advancing 
the science of comput-
ing.” Here’s a sampling 
of recent projects. !"

Why Big Data Is a Big Deal

IT TAKES A  COMPUTER 
It takes a computer to 
understand the byzan-
tine labyrinth that is 
the American health 
care financing system—
patient payers, insur-
ance company payers, 
government payers. 
Keith Marzilli Ericson, 
an SMG assistant pro-
fessor of markets, pub-
lic policy, and law, has 
teamed with Benjamin 
Lubin, an SMG assistant 
professor of informa-
tion systems, to analyze 
a wide range of issues, 
from the design of insur-
ance contracts to physi-
cian referral patterns to 
improvement (or not) of 
referred patients. 

TEAMWORK OR TEAM NOT WORK 
How do you measure the expertise of 
individual team members? How can 
you predict the success of a team ef-
fort? Evimaria Terzi, a College of Arts 
& Sciences assistant professor of com-
puter science, and Nachiketa Sahoo, 
a School of Management assistant 

professor of information systems, are examining these questions 
through a new lens: instead of focusing on individual members’ 
expertise, they look at how the dynamic among members, their 
working together, affects their final product. Their thesis is that 
a team that works well can do more than you’d expect from its 
members’ individual expertise. But they also believe that a team 
of talents that works poorly together can really screw up.

DIGGING ARCHAEOLOGY
Archaeology has long been 
a conveyor belt of precious 

information to other 
fields, such as his-
tory, religion, and 
anthropology. But 

the avalanche of data forces 
scholars to become jargon-
spewing specialists who 
sometimes can’t understand 
one another, says Andrea 
Berlin, a CAS professor of ar-
chaeology and the James R. 
Wiseman Chair in Classical 
Archaeology. Berlin is work-
ing on a website and app to 
help scientists sift through 
all of archaeological data by 
time period, region of the 
world, and other criteria.

THE WHAT AND WHEN OF EVERYTHING 
A global historical database sounds impossibly com-
plex, but John Gerring, a CAS political science profes-
sor, says that doesn’t matter, because it’s necessary 
to build one. In the past, historians were more likely 
to study particular time periods and places, chasing 
manageable slices of information, he says. Today, 
there’s more interest in studying global history, forc-
ing historians to seek the needle of our past in a mas-
sive haystack of archives, books, and websites, often 
in original-language sources alien to a researcher. So 
Gerring is developing CLIO World Tables, an online 
warehouse of political, economic, educational, and 
demographic data, some going back millennia. He 
has packed the database with several hundred, and 
counting, sources. 
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