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Open Access Tools:
1) MIT and Stoichiometrically Related Materials Database: 
https://mtd.mccormick.northwestern.edu/mit-classification-dataset/
2) Classifier for rapid filtration of materials: https://tinyurl.com/mit-classifiers
3) LVGP Open access Code (Downloaded 15000 times):
https://cran.r-project.org/web/packages/LVGP/index.html

Technology To Market:

Goals

● Provisional patent for the entire computational design framework
● Invention disclosure and “Click License” of LVGP code being adopted by 3DS
into commercial software (Isight & the Simulia Execution Engine)

● Benchmark of LVGP with Citrine’s random forest-based techniques
● Industry collaboration with QuesTek to integrate LVGP+BO into alloy design
workflow

● Multiple materials undergoing experimental validation

Accelerate materials discovery and design using machine learning at
every stage of the process:
• Build database of state of the art knowledge in the field
• Rapid screening of large numbers of new candidate materials
• Optimize materials families
• Provide synthesis recipes to accelerate experimental validation.
• Transform rare-event discoveries of materials to persistent

discovery.

Materials Dearth

• Text corpus of over 4M articles → ~55,000 perovskite papers, 
~10,000 MITs papers

Physically meaningful features
• Known: Hubbard U, Metal-Metal 

Distance
• New: Average Deviation of the 

Covalent Radius
• Easy to calculate, facilitating rapid 

screening
• Disseminated online via Binder: no 

installation
• Identified multiple new compounds for 

experimental validation

• Conditional variational autoencoder (CVAE), trained on 
~15,000 known synthesis recipes

• Predicts synthesis (precursor + method) for target material
• Natural language processing (NLP): regex searching + rule-

based approach, identified precursors and targets
• Extracted and classified synthesis methods (hydrothermal, 

sol-gel, etc.) and processing conditions

• 25% of spinel design space -> Pareto Frontier -> 12 compounds
• New Ruddlesden-Popper perovskite oxides (under preparation):
• Insulating state stabilized by magnetism + Jahn Teller
• Multiple never previously studied experimentally
• Currently synthesized: Kumah Group at  NCSU

• Advanced novel latent variable Gaussian process (LVGP) 
modeling approach for efficient mixed-variable machine 
learning (ML)

• High efficiency through physics-based dimension reduction
• Multi-response LVGP integrated with Bayesian 

Optimization for multicriteria mixed-integer optimization
• Bayesian LVGP improves performance and robustness

Metal-Insulator Transition (MIT) Materials

Virtual Screening: NLP-Assisted Database Creation

Concept Exploration: Rapid Filtration of Materials

Concept Exploration: Synthesis Recipes

Mixed-Variable Latent Variable GP (LVGP)

Adaptive Discovery

Switchable resistivity as a function of temperature/voltage

Materials dearth, need :
• TMIT > 300K
• High resistivity switch
Scarce & Heterogeneous :
• Heterogeneous 
• High fidelity calculations 

needed.

Key to new microelectronics.

• 68 MIT Compounds Identified
• 343 total compounds classified
• Database provided online
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Density Functional Theory Calculations
High throughput calculations not appropriate: complex mechanism
• High fidelity calculations: SCAN functional or DFT+U
• Identify MIT transition mechanism, as well as:
• Switchability -> band gap in insulating state Eg
• Chemical Stability: Enthalpy of formation Δ𝐻
• Synthesis reaction energies

• For Machine learning purposes, calculations have to be uniform
• Constrained to a +U benchmarked for a materials class
• SCAN exchange correlation potential

Underlying quantitative space
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Latent Space Representation for Categorical VariableThe Bandgap-Stability Tradeoff 

Switchability -> band gap in insulating state Eg
Chemical Stability: Enthalpy of formation Δ𝐻
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