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PARADIM
User Facility:
• Crystal Growth Facility (Hopkins)
• PPMS and Characterization (Hopkins)
• Thin Film Deposition (Cornell)
• Electron Microscopy (Cornell)
• Theory/Modeling (Cornell/Clark 

Atlanta)

Data Challenges:
• User access/Security/Privacy
• Large Volume/Dispersed Activity
• Scalable visualization/analysis
• Education for broad user base
• Changing/Evolving infrastructure
• Time value of data



Many Moving Parts

• Equipment
• People
• Ideas



Materials Genome Initiative (MGI)
-Discover, Develop, and Deploy Twice as Fast

Strategic Goals:

• Facilitate Access to Materials Data

• Equip the Next-Generation Materials Workforce
• Integrate Experiments, Computation, and Theory

• Enable a Paradigm Shift in Materials Development

Refs: https://www.mgi.gov/content/mgi-infographic and https://www.mgi.gov/sites/default/files/documents/wadia_mgi_talk.pdf

Cross Cutting Themes:

• Incentivizing open data and access of tools

• Structuring public-private partnerships
• Driving innovation across computation, data informatics, and experimentation

• Moving the community to a different cultural norm

https://www.mgi.gov/content/mgi-infographic
https://www.mgi.gov/sites/default/files/documents/wadia_mgi_talk.pdf


Materials Data is Exploding
• Higher resolution
• Shorter time scales
• Higher dimensionality
• Dynamic experiments
• Larger simulations
• Tighter processing control

Shibuta et al., 2017 Courtesy Dream3D software

De Carlo et al., 2012



• Oxidative Dehydrogenation Catalyst
• 11B with B0 = 35.2 T 
• Superior resolution 
• Distinguish active B species
• Determine the critical structure

Superior Resolution Solves Structure Dilemma

What’s the Value of Data?

Dorn et al, 2021 ACS DOI 10.1021/acscatal.0c03762

https://doi.org/10.1021/acscatal.0c03762


Disruptive Change
1000 Years: empirical descriptions of 
natural phenomena

100’s Years: theoretical branch 
using models, generalizations

10’s Years: computational branch 
simulation of complex 
phenomena

Now: data intensive science, discovery 
directly from the data.  Synthesizes theory, 
experiment and computation with statistics  
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• Property measurements
• Probes structures and processes
• Prove/Eliminate hypotheses
• Enable validation

What’s the Value of Data?

Provides Proof of What We Assert – the Heart of Scientific Knowledge

https://xkcd.com/523



• Instrumentation
• Scientist Time
• Expertise
• Validation

• Curation
• Annotation
• Storage
• Maintenance

What’s the Cost of Data?
Data is Dearly Won!



The Value of Data Changes Over Time
Data regains value over time if it can be reused

Chen et al, Nature Comm, 2020, 10.1038/s41467-020-16688-6

https://doi.org/10.1038/s41467-020-16688-6


The Value of Data Changes Over Time
Data regains value over time if it can be reused

http//doi.org/10.34863/g4wa-0j57



Seamless to User
Data regains value over time if it can be reused

• Streaming Data
• Asynchronous
• Loosely Coupled
• Header metadata to DB
• PID



Data Reuse Can Bring Unexpected Value
Data regains value over time if it can be reused
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Data Reuse Can Bring Unexpected Value
Data regains value over time if it can be reused

Mask R-CNN
He et al, 2017



Data Reuse in Real Time Deployment
Data regains value over time if it can be reused



Data Reuse in Real Time Deployment
Data regains value over time if it can be reused



Power, Practice, Leadership
• FAIR is a critical enabler of the MGI

the currency of Materials Data Infrastructure

TMS 2017 Study
https://doi.org/10.7449/mdistudy_1



• PARADIM is strategic for FAIR production
• center of data production
• microcosm of domain
• many users
• embedded training
• in-house program

Power, Practice, Leadership 



Power, Practice, Leadership 

• FAIR needs community  



FAIR-ification: All Data is not Equal

PARADIM 
Data 

Domains:

• physical samples — digital twin/digital thread
• synthesis recipes — intent and realization
• characterization — structure and properties
• codes/methods — software, notebooks, infrastructure
• reports — publications and presentations
• training materials — lectures, problems, infrastructure

FAIR is a set of principles, but in practice depends on the type of 
data and the needs or desires of those sharing the data. 



FAIR Today Fairer Tomorrow
F: Searchable Metadata

• DataCite Search
• Google Data Search (schema.org)
• Web/Pub Links
• Digital Object Id (DOI)

A: DataCite API
• Year Embargo
• Individual Files

I:  Community Standards
• File Formats
• Open Tools

R: License and Relevant Metadata
• CC-4.0-BY-NC-ND
• in development

FAIR Data Maturity Model Specifications and Guidelines 
https://doi.org/10.15497/rda00050



FAIR Today Fairer Tomorrow

FAIR Data Maturity Model Specifications and Guidelines 
https://doi.org/10.15497/rda00050

A: DataCite API
• Landing Page
• Year Embargo
• Individual Files

F: Searchable Metadata
• DataCite Search
• Google Data Search 

(schema.org)
• Web/Pub Links
• Digital Object Id (DOI)



FAIR Today Fairer Tomorrow

F: Searchable Metadata
• DataCite Search
• Google Data Search 

(schema.org)
• Web/Pub Links
• Digital Object Id (DOI)

A: DataCite API
• Landing Page
• Year Embargo
• Individual Files



FAIR Today Fairer Tomorrow

I: Community Standards
• Standard File Formats
• Open Tools

R: License and Relevant Metadata
• CC-4.0-BY-NC-ND
• in development

source: State of Open Data



FAIR Today Fairer Tomorrow

I: Community Standards
• Standard File Formats
• Open Tools

R: License and Relevant Metadata
• CC-4.0-BY-NC-ND
• in development



FAIR Today Fairer Tomorrow
1. Publication linked
• Characterization 
• Reproducibility
• Persistent Identifiers (DOI)

2. How do we improve?



FAIR Physical Samples
Digital Object Proxy
• digital twin
• digital thread
• entry point to re-creation 



FAIR Physical Samples
Digital Object Proxy
• digital twin
• digital thread
• link to location
• entry point to recreation 

Proposal 223 — Dynamic Electrocatalysis on Ferroelectric 
BaTiO3 Films 

• David Fenning, UCSD Nanoengineering Group
• Pedram Abbasi (PhD Student)
• 2019 Summer School 

“MBE+ARPES: Customizing Oxides…”

Proposal 223: Abassi et al,. submitted Nature Catalysis



Training for FAIR

Garcia et al, PLOS Comp Bio, 2020, 
(https://doi.org/10.1371/journal.pcbi.1007854)

10 Rules for Making Training Materials FAIR

1. Plan 
2. Fully Describe 
3. Identifier
4. Register
5. Define Access Rules
6. Interoperable Format
7. Reusable for Trainers (license)
8. Reusable for Trainees (metadata)
9. Contribution Friendly
10.Up-to-date
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FAIR for Training



Community  https://marda-alliance.org

The Materials Research Data Alliance (MaRDA) is a community-led 
network focused on connecting and integrating U.S. materials research 
data infrastructure to realize the promise of open, accessible, and 
interoperable materials data. Each of these elements are aligned with 

the goals of the Materials Genome Initiative (MGI). MaRDA provides a 
platform that promotes the convergence of ideas, people, data, and 

tools to accelerate discovery, enable new insights into materials 
mechanisms, and lay the foundation for both human-centered and artificial 

intelligence-assisted approaches to materials design. MaRDA is governed by 
an elected council, MaRDAC, that promotes the interests of materials data 

researchers nationally and internationally, and coordinates the efforts of 
MaRDA.



Community  https://marda-alliance.org

MaRDA: A Year of Building
• Founding Council

• Clarification of Mission

• Bylaws

• Website



Forescasting the FAIR Future
• FAIR is about data use and reuse

• Data type and purpose are key
• What do we want to empower?

• Can’t be sustained by investigators
• Expectation yes!  Burden? no!!
• Scaffold to infrastructure solution

• Materials research is always evolving
• FAIR cannot be viewed as static
• Community effort must be sustained

• Reject lock-in
• Reward connection
• Incentivize joint success (national/international)

• FAIR is a Community Effort
• MaRDA (marda-alliance.org) TMS 2017 Study

https://doi.org/10.7449/mdistudy_1

How will a PARADIM user 15 years from now 
leverage the data the platform creates today?




