Supplementary Methods
For the PCA features, a PCA model is computed from the canonical features using the implementation in the open source scikit-learn Python library. In computing the VAE features, the canonical features are passed as a 1D array to the VAE, and the model is trained to reconstruct the training data subject to a regularization loss based on Kullback-Leibler divergence with respect to a Gaussian prior distribution.
For an additional point of comparison in the SrTiO3-vs-BaTiO3 prediction problem, a naïve (non-variational) autoencoder was also trained, and achieved 3-fold cross-validation accuracies of 59 (± 5)% and 69 (± 2)% with 2-D and 10-D hidden dimensions, respectively. We omit detailed discussion of naïve autoencoders in the main text, as our focus is on the use of generative models.
A full list of the canonical synthesis feature lists are provided below, for each of the materials case studies used in this work.
SrTiO3 feature list: (30 features in canonical space)
· Temperatures and times for calcination, sintering, hydrothermal reactions, drying, washing, annealing, milling, dissolving, cooling
· Indicators for above-mentioned synthesis steps (to denote that a temperature/time is irrelevant when a synthesis step is unused)
· Concentrations of common pH modifiers (NaOH, KOH, HCl, H2SO4, HNO3)
· Indicators for common solvents (ethanol, methanol, acetone, citric acid, acetic acid)

TiO2 feature list: (34 features in canonical space)
· Temperatures and times for calcination, sintering, hydrothermal reactions, drying, washing, annealing
· Concentrations of common pH modifiers (NaOH, KOH, HCl, H2SO4, HNO3)
· Indicators for Ti-bearing precursors (TiCl4, titanium tetraisopropoxide) 
· Indicators for common solvents (ethanol, methanol, acetone, citric acid, acetic acid)
· Product morphology indicators (nanorods/tubes/particles, films, amorphous, crystalline)

MnO2 feature list: (37 features in canonical space)
· Temperatures and times for calcination, sintering, hydrothermal reactions, drying, washing, annealing
· Concentrations of common pH modifiers (NaOH, KOH, HCl, H2SO4, HNO3)
· Indicators for phases reported (hollandite, birnessite, spinel, ramsdellite)
· Indicators for ions used (K, Na, Mg, Li)
· Indicators for Mn-bearing precursors (KMnO4, MnSO4, Mn(CH3COO)2)
[bookmark: _GoBack]Table S1. Related materials systems based on ion-substitution-driven compositional similarity. Candidate material systems are first selected by word2vec (contextual text-based similarity),39 and then ranked by composition similarity. Compositional similarities (ranging from 0 to 1) are computed using the algorithm described by Yang and Ceder.56 Rows for most-similar materials systems are bolded.
	Material System
	Top Related Materials
	Composition Similarities

	SrTiO3
	BaTiO3
	0.892

	
	PbTiO3
	0.835

	
	CaTiO3
	0.831

	MnO2
	TiO2
	0.669

	
	V2O5
	0.668

	
	RuO2
	0.667

	TiO2
	ZrO2
	0.682

	
	V2O5
	0.667

	
	Bi2WO6
	0.667
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