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Abstract:  

The rapidly increasing demand for computer simulations of complex physical, chemical, and other processes 

places a significant burden on the shoulders of computational scientists and engineers. Despite the remarkable 

rise of available computer resources and computing technologies, the need for model order reduction to cope 

with these problems is an ever-present reality. Reduced-order models are imperative in making computationally 

tractable outer-loop applications that require simulating systems for many scenarios with different parameters 

and under varying inputs. They require that one numerically solves the differential equations describ-

ing the physical system of interest in low-dimensional reduced spaces, in contrast to the original full-order models. 

However, traditional model reduction techniques often fail to identify a low-dimensional linear sub-

space for approximating the solution to many physics-based simulations. 

In this talk I will present a novel method for learning projection-based reduced-order models of physics-based dy-

namical systems using nonlinear manifolds. First, we learn the manifold by identifying nonlinear structure 

in the data through a general representation learning problem. The proposed approach is driven by embeddings 

of low-order polynomial form. The algebraic structure of the system that governs the problem of interest 

in the reduced space is revealed by means of a projection onto the nonlinear manifold. The matrix operators 

of the reduced-order model are then approximated, in a least-squares sense, using data-driven operator infer-

ence. Numerical experiments on a number of nonlinear problems demonstrate the generalizability 

of the methodology and the increase in accuracy that can be obtained over standard POD-based methods. 
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