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Abstract 
Challenges encountered in the application of artificial intelligence (AI) methods to 

computational science and engineering can be divided into three categories: (1) mechanistically 
known problems with incomplete models, (2) purely data-driven problems with lack of 
mechanistic knowledge, and (3) computationally expensive problems. We propose a general AI 
framework named Hierarchical Deep-learning Neural Network (HiDeNN) for physics-based 
simulation, discovery, and design optimization. HiDeNN has the capability to combine 
computational simulation results such as the Integrated Computational Materials Engineering 
(ICME) with data-driven models to address data-scarcity for the aforementioned challenges.  

The general framework and essential components of HiDeNN as an AI framework are first 
presented which leads to the demystification of mathematical preliminaries. The process of 
augmentation of traditional finite element method (FEM) and beyond (e.g., iso-geometric analysis 
and meshfree methods) with HiDeNN can lead to more accurate solutions. Next, we will show 
how the HiDeNN framework can be extended to include our developing reduced order methods 
(e.g., proper generalized decomposition (PGD) and self-consistent clustering analysis (SCA) 
methods) to increase the flexibility, accuracy, and performance of the proposed HiDeNN AI 
software system. This is demonstrated by some representative problems, including additive 
manufacturing, mechanics of materials science, biomedical engineering, fracture and fatigue 
predictions, design optimization and uncertainty quantification. The outlook of HiDeNN will be 
discussed, with particular focus on how HiDeNN can be incorporated within proprietary and other 
commercial software platforms.  
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