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Laboratory and computational experiments are
often time and resource-intensive, which mo-
tivates the fundamental question: how to opti-
mally design an experimental campaign (e.g.,
seguence of experimental conditions) or an
experimental apparatus (e.g., select sensors)
to maximize the value of information gained
under a constrained budget? In this semi-

nar, | will share our recent experiences using
data-driven Bayesian optimization, classical
model-based experiment design, and hybrid
approaches. This will include an overview of
recent methodological advances in uncertainty
quantification and optimal experiment design
in the computational open-source Pyomo
ecosystem. | will summarize the key benefits of
each approach, offer recommendations on se-
lecting the most suitable method for a specific
problem, and provide best practices.
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Prof. Dowling’s research
combines chemical engineering, computational optimization,
machine learning, and data science, organized in three research
themes: (1) molecular-to-systems (multiscale) modeling
and optimization, (2) optimal design of experiments and
statistical inference, and (3) machine learning for bridging
timescales. Application domains include energy markets and
infrastructure, integrated energy systems, carbon sequestration,
sustainable hydrogen, critical mineral recycling, advanced
separations (membranes, ionic liquids), and systems biology.
His research group contributes to several open-source scientific
computing projects, including the Institute for the Design of
Advanced Energy Systems (IDAES). Within the Pyomo project,
Prof. Dowling’s group leads the development of instructive
uncertainty quantification and optimal experiment design
capabilities.
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