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Abstract
The foundations of Materials Data Science (MDS) computing, including 1) the integration of distributed (e.g.,
Cloudera, Hadoop) and high performance computing, 2) neural network training engines (e.g., Nvidia AISC),
and 3) RDF triplestore Graph Databases (e.g., Ontotext’s GraphDB), mean that statistical and deep learning on
sparse, massive, and historical datasets is becoming possible. Study Protocols are an essential feature of robust,
data-centric, MDS studies, where data FAIRification is enabled by MDS-Onto [1] ontology and tools, transforming
messy data into linked data [2,3] across Study Stages, including sample, tool, recipe, pre-processing, analysis,
modeling and results publishing. These concepts, relationships and stages guide the research process allowing
exchange of JSON-LD files and their deserialization with Apache Arrow into language-independent dataframes
for analysis, modeling and reasoning.

In Synchrotron Science, we have focused on Xray diffraction and Xray Compute Tomography studies, where
terabyte size datasets are commonly acquired, and scientist users have struggled to completely analyze these
massive datasets. Using a Study Protocol/Study Stage approach enables automated data analysis pipelines (e.g.
FAIRshake [4]) and Apache Airflow workflow automation. We illustrate this for three different materials studies,
one on Xray diffraction of Ti3Nb and two on Ti-6Al-4V, done respectively at DOE’s Advanced Photon Source
(APS) and NSF’s Cornell High Energy Synchrotron Source (CHESS).
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