
ABSTRACT: This presentation entails three components. First, it overviews the curricular
innovations taken place at Penn State’s Architectural Engineering department along with
the resulting increases in student enrollments, retention, and graduation rate as well as
successes in career placements before graduation. Next, it offers a sample of example
research areas undertaken by Penn State’s Architectural Engineering faculty. Finally, the
presentation concludes with a discussion on the recent advances in the use of
probabilistic model calibration, validation, and verification approaches referred to as
state-aware inference.

State Aware Bayesian Inference: Computer models of engineering systems simulate the
behavior of a system under various operational conditions by defining a representation of
physics linking state variables (loads, temperature, etc.) to relevant output responses
(deformation, stresses, etc.). In this process, additional input parameters that reflect the
properties of the engineering system must be defined, even if they are not well known or
understood. Problems arise when relationships between these input parameters and
state variables are insufficiently understood and are thus, excluded from the model or
simplified with empirical models. Herein, we present an entirely new statistical analysis
method capable of using available observations to identify the nature of previously
unknown relationships between input parameters and state variables, referred to as
state-aware calibration. The proposed approach effectively combines a mechanistic
approach of improving models’ predictive capability using physics knowledge and an
empirical approach of training statistical emulators to discover the nature of
discrepancies between model simulations and observations. Through the proposed
approach, we not only significantly reduce the systematic bias between model
predictions and experimental observations remaining after traditional calibration, but also
enhance the engineer’s knowledge of the physics principles governing the system
behavior, thus improving our physics-based models, and furthering our scientific
understanding of advanced systems. The major benefit of state-aware calibration is the
ability to guide model developers by pinpointing the most influential, mechanistically
relevant processes that are absent from the models, thereby offering a definitive guide to
the prioritization of future model developments as well as the design of new experiments
to explore the nature of these physical relationships under the constraints of limited
resources.
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