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Abstract 

 

What if we stop training AI to predict materials and start training AI agents to discover them 

through simulated ecosystems, where each agent is a material scientist, a lab instrument, and a 

reviewer in a self-contained digital universe?  What if the next wonder material isn’t waiting 

in a lab, but in a simulation we haven’t built yet? In this talk, we challenge the traditional cycle 

of materials discovery, hypothesize, synthesize, test, and propose a radical alternative: an AI-

agent-based simulation ecosystem where virtual researchers compete, collaborate, and iterate 

in a digital universe of matter. 

Drawing inspiration from multi-agent economic simulations, we reimagine materials discovery 

as a self-organizing system of AI agents, each with synthetic intuition, constrained by physical 

laws yet free to explore the improbable. These agents don’t just predict; they propose, debate, 

and evolve materials in silico long before a single experiment is run. 

We’ll explore thought experiments that blur the line between discovery and invention: materials 

that become more ordered under heat, useless compounds turned vital by AI reframing, and 

ethical constraints that breed innovation. At the heart of this vision lies a leapfrog opportunity 

to build open, simulation-first discovery platforms that could democratize and accelerate the 

search for tomorrow’s materials. 

This is not just about faster predictions. It’s about whether we’re ready to let AI agents dream 

materials into existence, and what it means for science when the first author is a machine with 

a reputation score. 
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