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Mathew Cherukara and Nicholas Schwarz

Modern materials science research generates petabyte-scale spatiotemporal datasets that span a number of
data modalities and formats. Coherent integration of tabular, image, and multimodal graph data is a non-
trivial task. We have developed the Common Research Analytics and Data Lifecycle Environment
(CRADLE), an analytics infrastructure and framework that supports the scale and diversity of materials
science data. CRADLE can handle large-scale, heterogeneous datasets and provides a flexible toolbox for
building machine learning pipelines that span from ingestion to model deployment. It is accessible to
research scientists with either limited or extensive computational backgrounds and is able to utilize a myriad
of low performance to high performance computer systems. CRADLE integrates distributed systems like
Hadoop/Hbase/Spark/Ozone with High-Performance Computing (HPC). Materials data scientists can query
petabytes of data and train thousands of models in a parallel, distributed environment. We demonstrate four
use cases which benchmark its capability to ingest, process, analyze and model spatiotemporal materials data
at scale. These tasks span data modalities exemplified in photovoltaics (PV), fertilizer motion through
watersheds, and materials characterization and performance investigations. Our applications for tabular data
include power forecasting and PV Performance Loss Rate analysis on 29 billion time series power
measurements, as well as geospatiotemporal tracking of nitrogen and phosphorus runoffs through watersheds
using 29.7 billion elevations. In the case of image data, 4 million XRD diffractograms from high energy
synchrotron beamline X-ray diffraction data are used to study in/ex-situ material properties. Multimodal
data was utilized to develop spatiotemporal graphs from 3 terabytes of XCT images of Al:Mg stress
corrosion cracking to study crack/precipitate interactions. CRADLE accelerates time to science, extends to
other domains with similar challenges, and expands the horizon of data science and research.
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