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Recent advances in machine learning are reshaping how we model and understand mater 
across scales—from electronic structure in materials to the chemical property spaces of 
molecules. In this talk, I present two complementary approaches that illustrate how data-
driven models can both accelerate simula�on and enable control over complex chemical 
systems. 

First, I introduce the Materials Learning Algorithms (MALA) framework, a scalable machine 
learning approach for predic�ng electronic structure in large-scale atomis�c simula�ons. By 
leveraging local descriptors of atomic environments, MALA efficiently approximates key 
electronic observables, including the local density of states, charge density, density of states, 
and total energy, enabling density func�onal theory-level insights at significantly reduced 
computa�onal cost. Applica�ons to diverse systems including boron clusters, liquid-solid 
aluminum interfaces, and extended defects in beryllium demonstrate its versa�lity and 
scalability. 

In the second part, I shi� focus from atomis�c simula�on to molecular genera�ve modeling, 
examining how latent representa�ons learned by transformer-based varia�onal autoencoders 
can encode chemically meaningful structure. I address a central challenge in this domain: the 
risk that apparent structure-property rela�onships are driven by superficial sequence sta�s�cs 
rather than underlying chemistry. To disentangle these effects, I introduce a framework for 
iden�fying and valida�ng latent direc�ons associated with dis�nct molecular proper�es. By 
combining linear and nonlinear probing with decoded-molecule valida�on, we demonstrate 
robust and controllable steering of proper�es such as lipophilicity and polarity. 
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