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has always been in their utility in solving
practical problems. Years ago, when she was
working on her master’s degree in mathe-
matics at Hebrew University in Jerusalem,
her professor handed her a challenge, one
which begged for an algorithmic solution.
The owner of a local shoe factory was losing
one of his most experienced pattern cutters,
a worker who was so good, he left no more
than five percent of his leather as waste.
Others left as much as 20 percent of wasted
leather on the floor — waste the company
could not afford.

The company wanted to know how to
translate the retiring worker’s skill into a pre-
scription for efficient leather-cutting.
Hochbaum worked on this problem for years
without finding a solution. Like the traveling
salesman dilemma, it was found to be
intractable. Optimization problems such as
these are called NP-hard, shorthand for non-
deterministic polynomial problems. These
are problems where no efficient algorithm
exists, or is likely to exist, as a solution.

But years later, while tackling robotics
motion problems, Hochbaum arrived at an
approach that would have solved the shoe
company’s quandary. Her approach to solv-
ing NP-hard problems is to devise an algo-
rithm for the problem based on an estab-
lished limit of acceptable error. These
“approximation” algorithms — the topic of
Hochbaum’s recently published book —
work very quickly, and deliver a “good”
solution. If speed is not the highest priority,
another kind of algorithm that produces a
“better” solution might be sufficient, though
not as fast.

In approximation algorithms, the key is
the limit of error. “For the robot motion
problem, and the shoe problem, we can
offer a trade-off. Once you tell me what
error you're willing to live with, I'll give you
the algorithm that will guarantee you this
margin of error and no more,” says
Hochbaum.

For example, she could construct an
approximation algorithm for the Israeli
shoe factory that would provide the same
limit of only five percent waste in pattern-
cutting, but the time spent waiting for the
algorithm to provide the solution would be
much longer than if you could afford ten
percent waste.

Several years ago, Hochbaum discovered
that new ideas for solving problems some-
times come from surprising places and have
unexpected applications. A Denver-based
copper and gold mining company needed
help with a variety of problems. Like other
mining companies, this one was using soft-

ware based on methods developed in the
1960s that helped plan and schedule where
to dig, how to manage waste, and how to
evaluate the efficacy of profit versus time
and materials invested.

“The algorithm they were using was
rather clever,” says Hochbaum. “It worked,
but it worked very slowly. I was sure 1
could find a faster solution.”

Hochbaum turned to the
well-established tools of oper-
ations research and computer
science, algorithms that had
proven their mettle in the
area of data flow in networks,
and found an efficient tech-
nique that would work for
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the mining application.

But she also found, to her
surprise, that the old algo-
rithm used by the mining
company turned out to have
special usefulness in calculat-
ing network flow. The old
algorithm even has applica-
tion in the areas of trans-
portation and sports.

“Our goal is to solve the practical prob-
lem, then extract from our solution the
more general application,” says Hochbaum.
Sometimes the answer to a specific problem
provides clues to unraveling much more
fundamental challenges.

The newest offshoot of Hochbaum'’s
research is an on-line library of optimiza-
tion algorithms, presented in a user-friendly
format on the World Wide Web, and devel-
oped with fellow faculty members Ilan
Adler and Kenneth Goldberg. Users can
embark on an open-pit gold mining expedi-
tion along a two-dimensional cross-section
of earth, determining where to dig and how
much time to spend looking for the buried
gold, or they can track their favorite base-
ball team’s standings in the pennant races
[see story on facing page].

Hochbaum knows that visitors to the
Web site will most likely come there first to
play. But she hopes that a few will get curi-
ous about the technical underpinnings, and
might even collaborate on future additions
to the site. Those who stand to benefit from
more collaboration include researchers
across campus, as well as researchers in
industry.

“I hope RIOT is just a small nucleus of
what's to come,” Hochbaum says. “I'd like
industrial researchers and lay people to get
an idea of how useful science can be in
everyday life.”

By N ANCY BRONSTEIN

For Dorit Hochbaum, the beauty
of algorithms lies in their utility
for solving practical problems.

Hochbaum
develops
algorithms to solve
a wide array of
problems — from
electronic circuit
testing to logging
management.
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