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e Policy drivers

e Discipline-based approaches
e Repository efforts

e Collaborative environments

e Supporting technology/efforts

We don’t have a big data problem ...
... we have a big problem with data.
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OSTP Direction on Public Access
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Make publically available the products
of research supported wholly or in part
by Federal funding:

e Peer-reviewed scholarly publications

e Digitally formatted scientific data
should be stored and publicly
accessible to search, retrieve, and
analyze
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Agency Public Access Plans
Digitally Formatted Scientific Data

UL AT FLA

Today's Data, Tomorrow's Discoveries

Increasing Access to the Results of Research Funded by the
National Science Foundation

Matianal Science Fommidation
.
-

L

DEPARTMEST OF DEFEYSE

e Should be stored and
publicly accessible

* Data management
plans (DMP) with
proposal

* Deposit data per
proposal DMP

e Should be stored and
publicly accessible

* DMP with proposal

* Deposit data per
publication policy or
proposal DMP

e Should be stored and
publicly accessible

* DMP with proposal

» Store data in public
repositories,
centralized data
catalog/locator at
DTIC
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DMPs are key to defining the who, what, where, how, and why associated
with the management of research data

Expected data
Preservation criteria
File formats
Data & metadata standards
Data storage
Dissemination
“Long-term” access

Ethics/privacy/proprietary/IP/security

Agency DMP requirements are necessary but insufficient to alone
ensure the reusability of published research data
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PROJECT OVERVIEW CDE SEARCH CRF SEARCH FORM BUILDER CONTACT

NINDS Common Data Elements

Harmonizing Information. Streamlining Research.

v CDEs v Tools v Learn

Streamline Your Neuroscience Clinical

CDES Now CDE= Undar CDE= in
Available Review Development
Research using content standards that enable clinical _
General (CDEs that cross diseases) A

investigators to systematically collect, analyze, and share data
across the research community.

The NIMDS strongly encourages researchers who receive funding from the
Institute to ensure their data collection is compatible with these common data

Amyoatrophic Lateral Sclerosis

Epilepsy

Friedreich s Ataxia

elements (CDEs). Learn more about the CDE Project. Headache
Huntington's Disease
‘ Incorporate CDEs

[re— ¢ Into Systems Mitochondrial Disease wewi
Case report form search for current Project overview and
modules CDEs background Multiple Sclerosis
Standardized data Download CDE Meetings and MNeuromuscular Diseases
element definitions metadata Presentations b

Congenital Muscular Dystrophy NEW
Instrument Download Case Collaboration with £ »
recommendations Report Forms developers around
the world
Privacy Statement | MewroQOL | NIH Toolbox | PROMIS

http://www.commondataelements.ninds.nih.gov/ 7
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Materials Genome Initiative

Leading a culture shift Integrating experiment,
in materials research s 4. computation, and theory
g -

Materials Innovation
Infrastructure

Making digital ' R L Creating a world-class
data accessible materials workforce

Enabling the discovery, development, manufacturing, and deployment of advanced
materials at least twice as fast as possible today, at a fraction of the cost.
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Materials Data Infrastructure

Repositories for materials data

— Accessible, federated, affordable

Standards for data exchange

— Formats, data and metadata standards, vocabularies/ontologies
Data quality metrics

— Pedigree, provenance, verification, validation, uncertainty, sensitivity
Citation and attribution protocols

— Persistent identification

Intellectual property and liability determinations

— Export control education, Licensing clarity

Findable, Accessible, Interoperable, Reusable
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Community

Develop and deploy standards for

data and federated/collaborative
environments

Communicate value and need for
digital materials data

Define critical data to be
compiled

Engage Community

Explore and leverage data
solutions developed outside
materials community

Train students in these emerging

areas

Establish community norms for
publishing materials data

MGI Data Workshop, July 2014

Priorities

Government

Lead data strategy/approach
development

Incentivize data deposition

Facilitate data deposition (policy
and technology)

Support data sharing and
deposition (provide resources)

Support data creation

Enhance data management
competency

Provide quality datasets for
model development/validation

http://dx.doi.org/10.6028/NIST.IR.8038
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DOE Data Explorer MAPTIS

Discover science, technology, ; "4l MATERIALS AND PROCESSES TECHNICAL INFORMATION SYSTEM
engineering research and data
collections from the US Department
of Energy

http://maptis.nasa.gov/

http://www.osti.gov/dataexplorer/

Restricted access
Engineering-oriented
Extensive collection

e Very rudimentary
e Limited data available

13
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Establish well-pedigreed and curated
demonstration datasets for non-proprietary
metallic structural materials data over all length
scales.

NIST's role

e Provide data schemas and meta-data formats
for diffusion and phase equilibria data.

e Provide sample diffusion and phase equilibria
data for the Al-Mg-Si system.

e Use expanded TRC Guided Data Capture
program with available binary and ternary
phase equilibria literature

* Expand use and implementation of DSpace
Repository

e Link with developing ontology and semantic
web tools

A,SM}L Everything
N\—/. Material. KENT STATE ler

The Materials

March 2014: Phase 1 release.
June 2014: Phase 2 release.
Dec 2014: Project Completion

Information Soclaty



DOE Venhicle Technologies —

Supporting the MlI

U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Objectives: Generate thermodynamic, kinetic, and corrosion data for automotive Mg die casting
alloys to fill significant gaps in the reported properties and to enable design of high performance
alloys. Partner with NIST to structure data and deliver via NIST Dspace repository.

PI: J. Allison

Coupled modeling and experiment to determine
liquid- and solid-state kinetics in die castings
DOE Funding: $600k

UNIVERSITY OF
MIC H]hAN

\/asu

Pl: K. Sieradzki

Synthetic microstructures and atomistic modeling to
explore microstructure effects on bulk corrosion
DOE Funding: $500k

Pl: J.C. Zhao, A. Luo

High-throughput measurement of binary, ternary,
and quaternary Mg alloy kinetics in liquid and solid
DOE Funding: $600k

N

A

PI: M. Horstemeyer
Model development and experimental validation for
coupled H, evolution and corrosion damage model
DOE Funding: $500k

PI: A. Rohatgi

Pacific
Morthwest
PLAT IR AL
LABORATORY

state kinetics with ~500ns resolution
DOE Funding: $500k

Dynamic-TEM measurement of Mg liquid- and solid-

PI: G. Song
OAK  Systematic experimental test of passivation behavior
\RJ}L“’L for wide range of Mg-X solid solutions

DOE Funding: $600k

NIST '

MNational Institute of
Standards and Technology

U.5. Department of Commerce

searchable, useable, etc.

o All'PIs will work with NIST to determine best format, content, and meta-data
All PIs will upload project data to a NIST repository where it will be publicly available,

All data will be assigned a persistent identifier for citation and connection with publications

16 | Vehicle Technologies Program

eere.energy.gov
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The Mational

DATA SERVICE ol

Hame

Home Projects

The Materials Data Facility

In June 2014, the Mational Data Services Consortium announced its first pilot project, The Materials Data Facility
{(MDF). It served as a response the White House's Materials Genome Initiative (MGI)  to accelerate the process for
creating new materials. Being able to share data readily through the materials development chain will be critical to
achieving this acceleration. The consortium saw this as an opportunity to not only prototype and demonstrate the data
publishing capabilities that neaded across all research disciplines, but also deliver real value to working scientists.

The Materials Data Facility

The MDF wall prowide 8 repository where scientists can preserve and share maierials research data, produced by both simulations and
axpenments. The capabdibies needed by M| scentists mimmors closaly the broader NDS wvision: shanng data prvately before pubbication, creating
data collachons, publishing, linking with the iterature, and connecting with other dala resources and databases in the world

What you will be able do with the MDF
The: Fa.nhl::.- will provede capabilibes that will be usaful throughout the research and publishing process
Private storage of data and sharing prior to publication

* Ressarchers will be able to log into the MDF o securely access personal storage space where they can upload and download their
data hles

» Researchors will be able o organize thesr data products and files into logical collectons, and upload files into those collectons

= Ressarchers will be able fo share dala fies and collections with their collaborators, either by simply sharing a URL io the data or by
managing group parmussions on the data collecbons

Preparing data for publication

Enabling data re-use

http://www.nationaldataservice.org

National Center for Supercomputing Applications

! % -
'%#-&‘._‘&Ecﬁ' ﬁuw i
Projects Mews  Get Involved
Materiais Dats Facilily
m [ et o iy |
| see st comc |
b e . T
User home
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Subrmd Desenbe tre e @

Pufitd

Publish screen
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=10 NO¥

MATERIALS RESEARCH LABORATORY O
1 Sania Rarhar II./_ _‘\.- .
| \

Energy Materials Datamining \__/ N

For details, please refer to the original publication: DOI: 10.1021/cm400893e,
Links : thermoelectric : HHI for all elements : crustal abundance : about : methodology : contributors

® Plot MRL dataming data Plat my own data Browse...  (right click, choose Save As, example xls)
Mote: for plotting your own data, a less specific data visualization tool is also available that only requires x, y and marker values.
X axis parameter ¥ axis parameter marker size parameter sort data by...

:sr_':uh:t:k coefficient 'V: :ET "-"': materal family (all tlemps) W

Generate Plot Now [

http://www.mrl.ucsb.edu:8080/datamine/thermoelectrics.jsp

¥ _ Hydrogen Storage Materials Database

-

Request Access to Add Data Contact Us

http://hydrogenmaterialssearch.govtools.us/

Issues: data discoverability, machine processing, data curation/longevity

18



MIT & LBNL

e 58,123 compounds

e 41952 band structures
e 1,243 elastic tensors

* Thermodynamic props
e Crystal structure

e Phase diagrams

* REST API

Duke

e 51,367 compounds

e 308,975 calculations

* Thermodynamic props
Magnetic props
Crystal structure
Phase diagrams

REST API

A ",twr ol FE-

The
Materials
Project

: - AFLOW

Automatic - FLOW for Materials Discovery

19
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Univ. Michigan — Materials Commons
e Store materials data (& provenance)

* Collaborate and share data P RI S M S

Univ. lllinois oy Timely and Trustworthy
* T2C2 Curator, real-time acquisition and Curating and

curation of data from instruments Coordinating Data
* T2C2 Coordinator, filter, identify correlate data Framework (T2C2)

e Search and use data, REST API }

Purdue University huboor IJ
-
e Platform for simulations t;\
* Project space ﬂEﬂﬁﬂ,ﬁ
 Expanding to data management nanoHUB

Georgia Tech

e e-collaboration space

* Models, data, sharing

e GitHub, Plot.ly, figshare, Authorea

0



Collaborations

DOE/EERE Kinetics of
Cast Mg Alloys

Journals collaboration

e |IMMI

e Others under
discussion

Coordinated by new
Office of Data and
Informatics

Ontologies |

Schemas

(XML based)/ Semantic

Workflow NLP I\I\js’?aiad\;\{ci:i

Tools / standards

——

DATA PROCESSING

Uncertainty Analysis Bench marking

Data Analytics activities (DFT)

Data Mining Tools
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ChiMaD Data Mining

Microstructure Samplul Literature
rEA OF Search
" ~
i kﬁ’
1— Image Analysis I_l l
Descriptors Correlation functions Material properties
= =
!I_ E
JiE. . £
bag S .
r i Frequency
E Image-based Analysis [F ___________ ?ﬁpc_'r-.:rrf_f.;:;:;1
g (1) Descriptor- (2) Correlation : '
: | descriptor correlation —* function-based éﬁh Prq::,,;;?:;dg |
_ analysis L supervised learning el
(4) Determination of
microstructure design variables

NSI

22
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AFRL Data Efforts

Wright State University
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MaterialWays

Contents |hade]
1 Inbreduction
2 Progect Descnption
3 Complementary Activities Undertaken by Others
3.1 Ewopean Commitiee for Standardization (CEN)
A2 NIST
13150
4 Use Cases
4 1 Discovery
4 2 Mining, Mash-ups, Anakysis and Analytics
4 3 Design and Optimization of Known Materials
5 Develapment ol a Shared Materals Vocabulany
6.1 Guidance Tor Creating Vocabulares
5.2 Lnils of Measure
5.3 Vocabulary Sources
5 4 Current Draft Viocabulary via SPARGL Endgaint
6.5 Milestonas
& Developnent of & Matenals Ontalogy
B 1 Existing Matefials Oniologies or Sciwmas
61,1 Existng Oninlogics
6.1.2 Relaled Onlalagies
6.1.3 Exish L Schemas
B.1.3 1 Reviews and Synopss
6.2 Approaches for Ontology Developrment
8.2,1 The P*3-Triplel Apgroach
6.3 Milestones
T Kalenals Data
.1 Data Models

http://wiki.knoesis.org/index.php/MaterialWays

Metals Affordability Initiative

» Web-based OEM-Supplier
collaboration framework

» Data standards and protocols for OEM-
Supplier data and model exchange.

« Uncertainty Quantification methods to
capture variability in process,
microstructure and property data.

“Uncertainty o
G.uantifil.ali::nnfl.lm
P T - Modeling LIC)
| €3 Coliaboration “\ﬁ 29
St | |

b Framework

MAI programs
GE-10, PW-B, RH-A10

Frocessing at
Digital data from Supplier 23
Supply Chain
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Semantic-based Tools for
Materials Data Management

View the Knowledge Graph

Discover the knowledge graph for a
rmatenall

Zirconium Diboride

Charactenstics
| Lowi | High [t

Chiemcal I
FRUEY Warics | Cactich | Ouide |

1-Hop Properties

...........

Phase Diagrams

Phasa Diagram of ZrB2

iINovex

Information Systems

Related Documents

Develop Robust Mid-level
Materials Ontology Ready for
Crowd-sourcing and Initial
Experimental Research Use

Explore Sophisticated Low-level
Ontologies

Significantly Expand Size of,
and Integration Across Data
Stores

Propose and Demonstrate
Computational Approaches for
Establishing Provenance

Provide Access Control for
Linked Materials data and
Computational Functions

Integrate with Manufacturing
or Component Design Domains

24
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Materials Data Formats

OrossMark

notes for authors

Acta Crystallographica Section C Notes for authors 20" 2

Crystal Structure
Communications

IS5N 0108-2701

Acta Crystallographica Section C: Crystal Structure (|
publishes articles that provide a detailed discussion
tures determined by diffraction methods. It specialij
dissemination of high-quality studies of novel and ch{
and molecular structures of interest in the field
biochemistry, mineralogy, pharmacology, physics
science. The unique checking, editing and publishing
journal ensure the highest standards of structural
presentation, while providing for reports on studies i
techniques or difficult crystalline materials. Articles
contain a discussion that goes beyond reporting ju
numerical and geometrical data. Such value-added
include: a meaningful discussion of multiple rel
reported in the same article; non-routine structure
discussed in detail; placing the structure in an inter
physical or chemical context; or the discussion of intg
properties or modes of association. The journal ac
difficult or challenging structures not meeting all val
provided the presented structures are correct and un
the difficulties and strategies used to treat them g
discussed and properly documented. Such structure
properties such as (winning, severe disorder, or

Jackson ot al. Indegrating Matanial s ond Monmwiactudng! nnovation 2014, 34 = P i
hittpe v immijournalcomscontent/a 154 o IntEgrﬂtlng Mﬂ[?rlﬂli .
and Manufacturing Innovation

a SpringerOpen Joumal

RESEARCH Open Access

h5ebsd: an archival data format for electron
back-scatter diffraction data sets

Michael A Jackson', Michael A Groeber?, Michael D Uchic®, David J Rowenhorst® and Marc De Graef

%

Abstract

\We present an archival format for electron back-scatter diffrection {(EBSDY data based
on the HOFS scientific file format. We discuss the differences between archival and datz
weork flow file fiorm rid present details of the archival file layout for the
implermentation of
sample and external reference fi
data is internally corsistent and complete. W, ribie how format can be
extended to include additional experimental modalit some thoughts on
the interactions between working files and archival fi te file specification
aswell & an example hhebsd formatted data set are made available to the reader.

Keywords: Electron back-scatter diffraction; Hierarchical data format; HOFS

25
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Problem:

Data generated from scanning electron microscopy (SEM) have become much
more complex and content rich, but there is no standard format used to facilitate

sharing and machine interpretation

Objectives:

Better preservation and re-use of SEM data across the services

Improve automatic metadata capture
Define and improve data flow from research instruments to analysis

b) Zs Xs Xg zq

a} ' Electron |
Y\ Gun .-"'
\ /



http://www.immijournal.com/content/3/1/4/figure/F1?highres=y

\  Zop.L: .
N\ Making Data More Valuable & Accessible
Supporting Reports of Research with Underlying Data
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Shade rt ol Inteparing Mateaohi e Monviiriunag Innceation 100 1, 35

i Integrating Materials
and Manufacturing Innovation

it e g sl i tanen LS

§i al
RESEARCH Open Acc

Experimental measurement of surface strains an
local lattice rotations combined with 3D
microstructure reconstruction from deformed
polycrystalline ensembles at the micro-scale

a0 35 roebe

VIIChaE L

Abstract
This anicle describées a apprcac ey 2 deformation respor
ohverystalline metaks a combination of novel mi ol Eperi £
methodalogied An i arrEng electnon microdope [SEMHased tendion tes
WWRLENTT Wil 1 1o deform micro-scale polyerytline samples o modest and
moderate pl s Thase rests induded mesummant of the local displacer
e with wlut il the sample suface, Aftes testing, e jon b
il SEctics weriments that incorporated ebecirion backse i
FiErEd N W rred 10 Chamcteize both the imemal 30 1 i Ay
¥ lattie 5 that devek s weithin the deformed mi il s sample
Thiz combir W piime enables the local surface e L
besrial i s b0 be dinectly correlated with, the underhing 30 pobicrys!
TEr Lach fmft ] b pserd 1o walidate 1 o ke further
e P IS alirg an i rrvetho T e the local plast
feformation r w of pol ill srembles
Keywords: i ke hes T i M

Data v
Repositories
-
i

£
NIST .

Enaoble & Enhance Exchange
e

maitarir, diciplnm, ingtdnimg

‘Wiew llam

Data Citation:
Shade, Paul A; Groeber, Michael A; Schuren, Jay C; Uchic, Michasl D

3D microstructure reconstruction of polycrystalline nickel micro-tension test

(2013-11-01)
hitp:/ihdl.handle neti11115/152

Requirements:

The raw daka can be wiewad by opeEning the "dream3d file wilh resly
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Affiliation: Air Force Research Labosalony

Contact Email: paud shade 1§0us ar mil

Primary Publication Citation:

Shade PA Groabar MA Schurmen JC Uchic MO (2013 Expanmanial maasaromand ol suifs

molations combened wilh 30 microstnickane |

seake Integratng Maberials and Manuacburing inndwvation, 35

available
wiinvind by dawnioading bodh the *
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econstiuclion fom delormed pofycresialline ens

M;:adels

MNIST

Assess & Improve Qualit
Tkt P ADRgRETOR, 670 )

DREAM 30

Ireamdd e

soiftware
and tha

paraview o e

S mibi

a5 Bl e MICho.

http://www.immijournal.com/authors/instructions/datadescriptorarticle
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\0'/ Many Players in the Field
\ 4

= ASTM
MDMC ;. g' 157 INTERNATIONAL

AR m ) Research Data Sharing
ISO / without barriers

NGRS

H DATA ALLIANCE

%@@ CODATA NIST

BOARD ON RESEARCH DATA AND INFORMATION
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\ )
\"/ Summary

A few materials data repositories have been established

Development and application of commonly accepted
standards and tools enabling data discovery, data quality, and
reusability is needed

Educational resources on good data practices are needed for
the community

Community-wide acceptance of the need for materials data
stewardship is slow to build
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