
 

Breakthrough streamlines complex work
assignments

November 16 2005

Christodoulos Floudas and his students Stacy Janak and Martin Taylor
have invented a mathematical formula that may transform the way that
day-to-day work assignments are made across government and industry.

They didn't set out to accomplish such a broad goal. Initially they were
simply attempting to solve a seemingly obscure problem: figuring out the
best way for the National Science Foundation to efficiently and fairly
assign funding proposals for review to its many reviewers.

NSF program managers Maria Burka and T.J. Mountziaris asked
Floudas, a professor of chemical engineering at Princeton, to do just
that. What he, Janak (a fifth-year graduate student) and Taylor (now an
M.D./Ph.D. student at Johns Hopkins) came up with is an algorithm that
within seconds can optimally assign 100 proposals to dozens of different
reviewers.

NSF receives more than 40,000 grant applications every year, of which
about one-quarter receive funding based upon recommendations made
by reviewers. Assigning applications to appropriate reviewers in a fair
way, so that individual reviewers are not inundated, is a huge headache.

"It's very time consuming," said Burka. "We've been doing it by hand for
years. But this is much more efficient. And frankly sometimes it gives us
a better solution than if we did it by hand."

The solution that Floudas and his colleagues invented has potentially
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broad applications that extend far beyond the NSF problem. The
researchers say the same solution could be used by hospitals to schedule
interns and nurses, by the military to deploy combat units or by school
administrations to assign teachers to classes.

"The number of potential applications is mind-boggling," said Floudas.

This month, the journal Industrial & Engineering Chemistry Research
electronically published a paper by the team. Princeton's Office of
Technology Licensing filed a patent application on behalf of the
researchers in July.

The NSF dilemma belongs to a class of mathematical problems known
as the "General Assignment Problem" or GAP, which has been the
subject of considerable research over the last 20 years.

The GAP is referred to as being an NP-hard problem. In lay terms, this
means that as the number of variables in a mathematical problem
increases, the computer power required to solve the problem can
increase exponentially -- making large problems potentially intractable.

For example, when Janak came up with a model for figuring out the
optimal way to assign 100 proposals to 40 reviewers, she was confronted
with more than 100,000 possible ways to do that. The Princeton model
narrowed down those possibilities to the best way to assign several
papers to each reviewer.

How is it that chemical engineers like Floudas and his team ended up
solving a problem that doesn't have anything to do with chemical
engineering?

They specialize in optimization, a field that has burgeoned since World
War II and which is essentially the science of inventing mathematical
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formulas to make things run efficiently. The Floudas group has applied
optimization to problems in engineering, computational chemistry and
molecular biology.

Floudas is the author of two textbooks on optimization and his research
group has made fundamental contributions to two branches of the field
which are known as deterministic global optimization and nonlinear
mixed-integer optimization. Floudas is associated faculty member in the
Program in Applied and Computational Mathematics and the
Department of Operations Research and Financial Engineering.

The researchers had to incorporate the following conditions into their
model:

-- Each reviewer had to be assigned to approximately the same number
of proposals.
-- Each proposal had to be assigned to the same number of reviewers,
each of whom had to have a different rank; for example with four
reviewers, each would hold a rank of either lead reviewer, scribe, first
reviewer or second reviewer, and each reviewer had to hold different
ranks approximately the same number of times.
-- Reviewers who had a conflict of interest with a proposal could not be
assigned to that proposal.
-- Assignments had to take into account reviewer preferences for
proposals; a reviewer who expressed a strong desire to review a
particular proposal had to be given a higher reviewer rank than someone
who had expressed less interest in the proposal.

Janak said that the difficult part of developing the model was
distributing the proposals to reviewers in a fair way while taking into
account the reviewers' preferences for certain proposals over others.

To ensure that the model hewed to these restrictions, Janak had to use an
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unusual set of techniques called "logic inference principles." "It's not a
methodology that a lot of people use or are aware of, but it was
something that was necessary in this case to derive our model," she said.

Maria Burka of the NSF began using the algorithm on an experimental
basis in April. "It works beautifully," she said.

Source: Princeton University
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