
 

Novel mathematical research for quantifying
and predicting uncertainty in design models
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DARPA’s Enabling Quantification of Uncertainty in Physical Systems (EQUiPS)
program aims to develop mathematical tools and methods to efficiently quantify,
propagate and manage multiple sources of uncertainty.

Uncertainty is sometimes unavoidable. But in the world of scientific
computing and engineering, at least, what's worse than uncertainty is
being uncertain about how uncertain one is.
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Understanding with confidence the level of uncertainty in computational
models used for designing complex military systems—such as new
aerospace vehicles and engines, for example—can be enormously
beneficial, reducing costs and development times. But achieving a useful
degree of such confidence is a difficult mathematical challenge, given
the large number of variables typically involved. As a result, engineers
have come to rely on extensive testing to verify their modeling results—a
repetitive process of design, test, verify, re-design, re-test, re-verify that
can add years to the development process.

DARPA's Enabling Quantification of Uncertainty in Physical Systems
(EQUiPS) program aims to solve this problem by developing the
mathematical tools and methods to efficiently quantify, propagate and
manage multiple sources of uncertainty. The goal is to create a
computationally effective and mathematically rigorous framework for
engineering that will accurately predict, on the basis of complex design
specifications, the functional operation of complex defense-related
physical and engineering systems. For example, one might want to
predict the performance of an airfoil (or even design an airfoil from first
principles) given known uncertainties in angle of attack, air speed,
environmental conditions and design imperfections – without having to
resort to extensive and repetitive testing.

"In recent decades, the field of uncertainty quantification has made
significant progress dealing with what is known as the 'forward problem,'
which refers to propagating input uncertainties through a computational
model," said Fariba Fahroo, DARPA program manager. "These
methodologies can now handle forward problems for a small number of
uncertain parameters, but they still can't handle more complex,
extremely high-dimensional industrial physical systems and they do not
directly address the challenges of uncertainty quantification in inverse
problems, including uncertainty in the models themselves. Dealing with
the 'curse of dimensionality' where the associated computational cost
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grows exponentially as a function of the number of random variables
remains a major challenge in simulation and design under uncertainty."
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