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accommodate a wide variety of new results
(e.g., very large-scale neighborhoods and
scatter search). Paramount among the lan-
guage-design issues is the need to preserve
the compositionality, modularity, and effi-
ciency of COMET  for applications with numer-
ous side-constraints gravitating around the
core structure. Practical applications natu rally

exhibit these “exotic” constraints: just think
about all the safety regulations in the airline
industry or, on a lighter note, the fact that
Duke must meet UNC on weeks 11 and 18
during the NCAA tournament, destroying
the symmetry of the round-robin tourna-
ment. And we are not even talking about the
constraints imposed by the NFL!

It seems hard to imagine now, but there was
a time before all the Gap ads, before the ap-
pearances on Oprah and the late-night talk
shows, before the piles of fan mail and invi-
tations to posh parties had begun to arrive,
a time before anyone knew we were any-
thing but a couple of graduate students with
a crazy idea. No one believes us now when
we try to explain how something so simple
revolutionized our way of life so completely,
but the world needs to understand how it all
really happened. At the time they told us it
was impossible, that nothing like what we
envisioned had ever been done or could be
done, that we should put our youthful
dreams aside and face up to the reality of
what could never be. But like so many other
dreamers, we persevered in spite of their
criticism and the other challenges we met,
for we knew if we could pull it off, if we could
do this thing they called impossible, it would
be like nothing the world had seen before. 

But I am getting ahead of myself now, for I
wanted to tell you how it all began. We were
both young then, new students in the Ph.D.
program, in fact. Guy Eddon, my partner in
crime, was a struggling writer who had
made ends meet over the years writing Har-
lequin novels while secretly pining for a bet-
ter life. He hoped to find it in a town called
Providence. For my part, my dot-com days of
selling fake vomit over the Web had gone
bust like so many other tinsel dreams of the
web craze. I thought maybe I could make it
as a pimp in Frank Woods’ escort service, but
when business went dry, I decided to give
Computer Science a try. In short, Guy and I
were a couple of down-and-outers looking to
better our fate.

We had no reason to end up any better than
all the other poor saps who entered the pro-
gram, but we caught a break early on when
one of the greats of those days, Ugur Cetint-
emel, took us under his wing. Ugur began to
teach us of the black arts he had devoted his
life to mastering: Pervasive Computing,
sometimes also called Ubiquitous Comput-
ing. It was then that we caught our first
glimpse of this netherworld, a place where
the convergence of Moore’s Law and the vi-
sion of Mark Weiser made it possible to
imagine embedding computation and com-
munication into virtually any manufactured
object. In this world, the ubiquitous pres-
ence of sensors and actuators enabled com-
puters to maintain a constant vigil
monitoring human needs and the state of
the world, continually seeking new opportu-
nities to support human activities through
appropriate physical and digital interven-
tion. But Grand Master Cetintemel had one
problem he hadn’t been able to solve: how
could this netherworld and the world we
knew be brought together? How could all of
the many interesting everyday artifacts and
legacy devices from our world be enabled to
participate in this digital netherworld when
they lacked the requisite computational
abilities?

It was then that the idea took seed in us and
began to grow. Legos had solved all of our
problems when we were boys; could they
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save the day once again? It seemed so obvi-
ous to us: Lego Mindstorms were cheap and
could sense, actuate, compute, and commu ni-
cate—why not use them to sense and control
everyday devices and revitalize them as new,
pervasive artifacts? When we shared our
idea with our friends and colleagues, we
were universally condemned, belittled, and
scoffed at, but who could blame them? You
must remember that no one knew about the

Universal Turing-Lego Thesis then. Back in
those days “real” research required math,
simulation, and independent thinking: no
one dreamed that a simple child’s toy could
hold the key to such a breadth of problems as
NP-completeness, world hunger, and the six
degrees of Kevin Bacon. As we’ve said in the
many interviews since then, we didn’t have
any idea ourselves of the revolution we were
starting—all we wanted was to prove our-
selves to the Grand Master and earn an A in
CS295-1.

We needed a way to test our idea, however,
and it was then that we turned our gaze up-
on the CIT’s elevators. When we had first ar-
rived at Brown, we were amazed at the irony
of the school’s Center for Information Tech-
nology being saddled with a legacy elevator
system widely regarded as broken. Despite
the close physical proximity of the two eleva-
tors, they had been installed without any co-
ordinating logic—each had separate call
buttons and ran independently of the other.
Even worse, the only visible indicators of the
elevator’s position were in the lobby. Conse-
quently, riders on other floors had no idea
which elevator to call for quickest service or
how long they might have to wait for an ele-
vator to arrive. While we had no desire to
mess around with elevator internals (we
didn’t care how the elevator’s motors operat-
ed and certainly didn’t want to do anything
requiring a new safety review of the installa-
tion), we figured we could augment the ele-
vator with Lego Mindstorms not only to
solve the problems above but also to revital-

ize the elevator as a pervasive device. Not
only would the system be remotely operable
(one would be able to call an elevator in ad-
vance or see if one had to hurry to catch it),
but, by combining a location-aware badge
system with an electronic appointment cal-
endar, maybe you would never have to call
the elevator at all: the elevator would be able
to anticipate your need for service.

Although the Grand Master had his doubts,
he consulted his brethren in the Dark Arts,
and Overlord Stan Zdonik saw fit to provide
us with the Lego Mindstorms we needed to
undertake our mission. We toiled and slaved
away in the dark recesses of the CIT, break-
ing from our labors only long enough to par-
take in the weekly TGIF festivities and
consume sufficient Klondike bars to fuel our
efforts. We faced many trials and tribula-
tions during the ordeal. When deploying our
devices in the lobby, the evil ones, those who
actually wanted to use the elevators, would
see the exotic lights and wires of our devices
and constantly bombard us with nefarious
questions like, “Is the elevator working?”
Yes, we would say, again and again, the ele-
vator is working, but then another minion of
evil would approach us with the same ques-
tion, thinking such incessant distraction
would prevent us from realizing our vision.
But all our engineering training was not for
naught, for we conceived a plan to beguile
our assailants: we posted signs with craftily
designed messages like “THE ELEVATOR
IS WORKING!!” And when they thought to
ask us, “What are you guys doing anyway?”,
we handed them a flier and resumed our
task. El Cid would have been proud of our
determination.

But the forces of evil were not to be assuaged so
easily. One of the truly evil ones—you know,
those who get off at the third floor—summoned
the night watch to harass us further: “It’s been
reported that you guys are hacking the eleva-
tor control system in order to bypass security
protecting the basement!” To overcome as-
saults, we obtained a scroll from Grand Master
Cetintemel testifying to the righteousness of
our endeavor and threatening his great wrath
upon any who opposed us. With scroll in hand,
our opponents quivered in fear and none could
stand against us. Our toil continued, day after
day. There did come a time when we doubted,
when it seemed we lacked sufficient Legos to
accomplish our mission, but our prayers were
answered when his exalted mightiness Eugene
Charniak saw fit to bestow upon us a plethora
of Mindstorms not to be used for the Robots
course until the following semes ter. And so we
resumed our labors once more.
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sis had been proven that we really began to
understand how deeply our work had
changed the world, that nothing would ever
be the same. For us, life has been a confused
whirlwind of book signings and Turing
awards, extensions to Mount Rushmore, par-
ties with Yanni, etc. I’ve come to realize that
being famous, rich, and powerful is not al-
ways easy—I get hand cramps now and then
from answering a mere fraction of the fan
mail—but I sleep better at night knowing
we’ve made the world a better place, free
from fear and envy and the injustices of the
past, a place where universities understand
the critical role of Legos in any serious re-
search agenda.

“SmartElevator: Revitalizing A Legacy Device
Through Inexpensive Augmentation” will be
presented at the 3rd International Workshop on
Smart Appliances at ICDCS’03 in Providence,
May 19th. Tickets should be purchased in ad-
vance as the event will, of course, be standing
room only.

At last the day of presenting arrived. We
plugged in all the wires, added the batteries,
and attached the most powerful device of all,
actual duct tape, in great quantity. It
worked, and all who saw what we had ac-
complished marveled at its splendor. It was
remarked that, after 15 years of no progress
in fixing the elevator, a couple of graduate
students had come along and shown it was
simple enough to be solved using Legos. The
faculty swarmed around our invention, dis-
cussing how all of the old textbooks needed
to be rewritten, courses redesigned, and ac-
cepted practices revisited, and visitors from
all the lands came to see what we had done.
Only then did Guy smile, for he knew then
that his days of Harlequin writing were be-
hind him and a bright new future was un-
folding before us. 

Looking back now, who could have guessed
that would only be the beginning? It really
wasn’t until the Universal Turing-Lego The-

Technical staffer Max Salvas adding 256MB of memory to
Suzi's Maxbuilt system as well as upgrading her CPU from
800MHz to 1.2GHz. These enhancements were necessary to
support the performance needed to produce this issue of
conduit!
During the past year the department replaced most of its
desktops with Maxbuilts. During the summer of 2002, Max
and Charles Williamson, the Student Hardware Technician,
built more than 250 of these systems, bringing the depart-
ment total to over 360. In addition to the generic Maxbuilt
(1.5GHz CPU, 500MB memory, 40GB disk space, and
GeForce3 graphics), Max has built several custom systems
with high-performance dual processors and large amounts
of memory. Max received a University Staff Bonus Award for
his efforts and successes in the recent upgrade project.


