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ABSTRACT 

  
The space of possible materials is vast, bounded only by the combinatorial possibilities of chemical elements and their 

compositions. This renders grand challenges in designing functional materials with desired properties. To accelerate this 
process, we propose a material network science paradigm with data-driven learning strategies.  By accumulating 

various data, we construct network representations to predict unresolved material properties, such as the glass-forming 
ability and soft-magnetic properties of metallic glasses, and phase formation in high-entropy alloys. We then employ 

sophisticated graph mining and deep learning to uncover hidden relationships within these material networks. This 
motivates a material recommendation system empowered by graph neural networks and natural language processing-

derived elemental embeddings. We extend to learning comprehensive encodings of chemical elements by network 
representations and language mining, laying the foundation for AI-driven material design. The AI-assisted material 

network science paves a new way for the intelligent and efficient navigation of material space. 
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