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ABSTRACT 

Digital twins have emerged as a transformative paradigm in engineering, driven by the 
rapid advancement of computational power and data-driven methodologies. A digital 
twin represents a dynamic, high-fidelity virtual counterpart of a physical system, enabling 
real-time monitoring, predictive maintenance, and accelerated design cycles. In this 
context, the high-fidelity numerical simulations and artificial intelligence (AI) 
frameworks that underpin these twins play a pivotal role in establishing the foundation 
for robust digital twin technology.  
This mini-symposium aims to explore the synergistic integration of AI and physics-based 
simulations for the development of effective, efficient, and trustworthy digital twins in 
multiscale design. We specifically seek to address the computational bottlenecks inherent 
in high-fidelity models through the incorporation of machine learning surrogate modeling, 
physics-informed neural networks (PINNs), verification and validation (V&V), 
uncertainty quantification (UQ), and advanced optimization frameworks.  
We invite contributions focusing on the development and application of digital twin 
technologies, as well as their foundational methodologies. We are particularly interested 
in research that bridges multiple scales, ranging from microscale material behavior to 
macroscale structural performance and manufacturing processes. By fostering a dialogue 
between domain experts in computational mechanics and data science, this session aims 
to define the future of predictive engineering. 
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