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Abstract

Developments in machine learning and artificial intelligence have been adapted in
Multidisciplinary Design Optimization (MDO) to model complex design problems
involving multiple interacting disciplines, identify and capture trends in numerically or
experimentally generated data, and address computational challenges associated with
multidisciplinary analysis and optimization. This paper provides an overview of these
developments over the past several years, starting with the use of fully connected
backpropagation (BP) neural networks to model system responses more than three
decades ago. Advances in hardware and new computational paradigms have
significantly accelerated the pace of these developments, leading to the proposal of
many novel applications. Building on early work with BP networks, deep learning has
been used to create surrogate models that approximate expensive simulations involving
many design features, enabling the rapid evaluation of design alternatives. Generative
Adversarial Neural Networks (GANN) have been deployed to create feasible design
alternatives, promoting convergence in the design process, while Physics-Informed
Neural Networks (PINN) have offered efficiency in modeling data-sparse environments.
The use of evolutionary algorithms, Bayesian optimization, and reinforcement learning
has enhanced the optimization process, while data-driven approaches have helped
identify patterns of system behavior and focus the search on promising regions of the
design space. Other approaches, such as active learning, real-time optimization, and
transfer learning, have shown promise in improving the efficiency of the design process.
This paper reviews specific applications of these developments and discusses how
machine learning will facilitate future collaboration across disciplines by integrating data,
automating decision support, and improving overall design workflows.
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