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WHY NIST?

THE MATERIALS GENOME INITIATIVE:   
A NATIONAL PRIORITY 
 

“To	  help	  businesses	  discover,	  develop,	  and	  
deploy	  new	  materials	  twice	  as	  fast,	  we’re	  
launching	  what	  we	  call	  the	  Materials	  
Genome	  Initiative.	  	  
The	  invention	  of	  silicon	  circuits	  and	  lithium	  
ion	  batteries	  made	  computers	  and	  iPods	  
and	  iPads	  possible,	  but	  it	  took	  years	  to	  get	  
those	  technologies	  from	  the	  drawing	  board	  
to	  the	  market	  place.	  	  
We	  can	  do	  it	  faster.”	  
-‐President	  Obama	  (6/11)



THE	  MGI	  SUBCOMMITTEE	  (SMGI)

• Coordinate	  across	  government	  
• Convene	  stakeholders	  to	  engage	  

in	  strategy:	  	  Grand	  Challenge	  
Summits	  

• Development	  of	  a	  National	  
Strategy	  for	  MGI	  

• MGI	  Subcommittee,	  Committee	  
on	  Technology,	  NSTC	  	  

• First	  meeting	  April,	  2012	  
• Membership	  includes	  the	  Federal	  

agencies:	  NIST,	  DOE,	  DOD,	  NSF,	  
NASA,	  NIH,	  US	  Geological	  Survey,	  
National	  Nuclear	  Security	  
Administration,	  DARPA,	  and	  Office	  
of	  Management	  and	  Budget	  

• Co-‐chairs:	  	  OSTP	  (Whitman),	  AFRL	  
(Ward),	  DOE	  (Horton)	  

• Executive	  Secretary:	  NIST	  (Jim	  
Warren)

what	  we	  do	  
who	  we	  are	  

TELL YOUR COLLABORATORS TO 
SIGN UP FOR OUR STAKEHOLDER EMAIL LIST!

https://www.mgi.gov

https://www.mgi.gov


MGI	  NATIONAL	  STRATEGY:	  	  4	  GOALS

• Enable	  a	  Paradigm	  Shift	  in	  Culture	  	  
• Integrate	  Experiments,	  Computation,	  Theory	  
• Facilitate	  Access	  to	  Materials	  Data	  
• Equip	  the	  Next-‐Generation	  Materials	  Workforce

https://www.whitehouse.gov/sites/default/files/microsites/ostp/
NSTC/mgi_strategic_plan_-_dec_2014.pdf
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FORMULATING THE NIST  ROLE 
IN MGI

SOME BACKGROUND AND FURTHER THOUGHTS 
ON HOW WE DETERMINED OF STRATEGY,  AND 
EXPLAIN OUR EFFORT TO THE WORLD



BETTER 
MODELS = 
LESS DATA

TAKE THE LHC AS AN EXAMPLE 
DATA PRODUCED AT 1PB/SEC ! 
REDUCED DATA SAVED: ~ GB/S 
THAT’S A DARN GOOD MODEL 
OTHER END : BIOLOGY?  
MATERIALS: IN THE MIDDLE



What should we be doing?
Science	  is	  characterized	  by	  the	  iteraCon	  of	  experiment	  and	  
models,	  yielding	  higher	  fidelity	  with	  lower	  uncertainty.

The measurement or computation of a quantity (data) is generally meaningless 
without the associated quantifying model that defines both the data and its 
uncertainties.

Thus dissemination of data is ideally the dissemination of the following information:  
1. Measured quantities,  
2. Associated quantifying  models, and 
3. Raw data, including the protocols (and equipment) by which it was obtained

see R. Peng Science 2 
December 2011: 

1226-1227

PUBLISHING

7



Consequences of the  
traditional approach

• High barrier to adoption of methods and results 
• Extra expense due to duplication of effort 
• Lost opportunities to enable discovery & further science

So Now What?
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Formulating the NIST  
Role in MGI

Some background and further thoughts
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NIST’s Mission

To promote U.S. innovation 
and industrial 
competitiveness by 
advancing 
    measurement science, 
    standards, and 
    technology 
in ways that enhance 
economic security and 
improve our quality of life
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NIST Products and Services
Measurement Research  
�~ 2,200 publications per year 

Standard Reference Data 
�~ 100 different types 
�~ 6,000 units sold per year 
�~ 226 million data downloads per year

Standard Reference Materials 
•  ~ 1,300 products available 
•  ~ 30,000 units sold per year 

Calibration Tests 
•  ~ 18,000 tests per year 

Laboratory Accreditation 
•  ~ 800 accreditations of testing and calibration 
laboratories

©
 R

ob
er

t R
at

he

2511



Data	  mandates	  in	  the	  Federal	  Government

OSTP “Public Access” 
Memo Feb 22, 2013

OMB “Open Data” 
Memo May 9, 2013

Executive Order 
May 9, 2013

DATAAct, P.L. 113-101 
May 9, 2014
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Data Models

SimulaCon

Experiment

Quantum MacroMicroNano

Materials w/	  Targeted	  ProperCes

Today’s	  Approach	  to	  
ComputaConal	  Materials	  

Design
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Data

Repositories

Models

Data

M
odels

Code

ExperimentsSim
ulaC

ons

Metadata MGI

SimulaCon

Experiment

Quantum MacroMicroNano

How	  do	  we	  do	  it?	  
An	  infrastructure	  for	  Open	  Science	  

Materials w/	  Targeted	  ProperCes
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Data

Community-‐based	  
Curated	  Repositories

Models

MGI
Ecosystems

Materials	  w/	  Targeted	  ProperCes
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Data

Repositories

Models

Enable	  &	  Enhance	  Exchange	  	  
(repositories,	  disciplines,	  industries;	  standards)

Materials	  w/	  Targeted	  ProperCes

SimulaCon

Experiment

Quantum MacroMicroNano
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Data

Repositories

Models

Data

M
odels

Code

ExperimentsSim
ulaC

ons

Metadata
Assess	  &	  Improve	  Quality	  	  

(Data	  &	  Models)

Materials	  w/	  Targeted	  ProperCes
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Data

Repositories

Models

Enable	  &	  Enhance	  Exchange	  	  
(repositories,	  disciplines,	  industries;	  standards)

Assess	  &	  Improve	  Quality	  	  
(Data	  &	  Models)

New	  Methods	  and	  Metrologies	  
(data	  driven	  analysis	  and	  models)

Materials	  w/	  Targeted	  ProperCes
18



MGI.NIST.GOV
19

The NIST Portfolio and 
Wider Questions 

about Data

http://MGI.NIST.GOV
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Computational Tools
SO

FT
W
AR

E

DATA	  INFRASTRUCTURE

HARDWARE

Best	  Practices	  
for	  HPC

Computation	  
Quality	  Metrics	  

&
Data	  Driven	  

Materials	  Science

Software	  
Catalogs

Ingest	  &	  
Automated	  
Capture

Comp	  Repos	  
Workflow	  Tools
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Experimental Tools

DATA	  INFRASTRUCTURE

METHODS	  AND	  
	  MEASUREMENTS	  

Expt.	  Design	  
New	  Models	  

Best	  Practice	  Guides

Expt. Quality	  
Metrics	  

&
Data	  Driven	  

Materials	  Science

Automated	  
Capture

Machine	  
Learning
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Data
DA
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DATA	  INSIGHT

Workflow	  
Tools

Shared	  Knowledge	  
Representation

NLP

Materials	  
Data	  

Repository

Metadata	  
Standards
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What’s  NIST,  the  USG  and  International  
Community  doing  about  “Data”  

• This	  is	  really	  a	  helicopter	  view	  of	  the	  broad	  issues	  
• You	  can	  hopefully	  not	  understand	  much	  of	  this	  part	  of	  
talk	  and	  it	  shouldn’t	  matter	  

• Many	  issues	  
• getting	  the	  data	  “in”	  
• getting	  the	  data	  “out”	  
• Evaluating	  the	  data	  for	  quality	  
• Using	  the	  data	  for	  maximum	  effect	  

• Who	  are	  we	  working	  with,	  who	  else	  is	  a	  “player”?

25



Killer AppGoogle Materials

Search
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Data  Discovery,    What  do  we  Need?

1.Some sort of interface/api that the user interacts with to deposit their information such that (2) is 
enabled.  This entails

a.The establishment of repositories to store the data
b.The reposed data should then be marked up with sufficient metadata to inform someone 

else how the data was created, including attribution or provenance information relevant to 
citation 

c. Assignment of a persistent digital identifier (like the DOI for journals) so the data can be 
cited and discovered by others

d.Tools must be developed to 
i. enable the ingest of data from computation or experiment for deposition in a repository 
ii.	  simplify	  metadata	  collection,	  e.g.	  by 

1.Automatically assigning some basic metadata
2.Implementing automatic extraction of metadata to the extent possible 

iii. Assign persistent digital identifiers
2.Some sort of interface/api that the user interacts with to find needed information.  This requires (at 

least)
a.the registration of the availability of the data into some sort of “registry” to enable 

discovery without prior knowledge of the existence of the repository/specific data features .  
b.Various types of policy enforcement  
c. Tools to evaluate the “quality” of the data 

i. Enabling determinations of the data’s uncertainty, validity, sensitivity, as well as other 
metadata qualities

ii.Enabling assessments of the relevance of the data to the question at hand, such as 
quick-look plotting or imaging capabilities]

d.Tools for data manipulation
e.Terminologies and ontologies to enhance search 27



Repositories
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Property	  Calculations	  on	  the	  Interatomic	  
Potential	  Repository	  
Zachary	  Trautt,	  Materials	  Measurement	  Science	  Division	  
Chandler	  Becker,	  Materials	  Science	  and	  Engineering	  Division

http://www.ctcms.nist.gov/potentials/
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WebFF-‐A	  Smart	  Force-‐Field	  Repository	  of	  Soft	  Materials  
http://www.nist.gov/mml/msed/polymers/webff.cfm

	  Frederick	  R.	  Phelan	  Jr.	  ,	  Material	  Science	  &	  Engineering	  Division,	  Polymers	  &	  Complex	  Fluids	  Group	  	  
NIST	  ,	  Gaithersburg,	  MD	  	  

Huai	  Sun	  ,	  Aeon	  Technology	  Inc.	  and	  	  School	  of	  Chemistry	  and	  Chemical	  Engineering,	  Shanghai	  Jiao	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  Tong	  University,	  Shanghai
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Customized	  DSpace	  repository	  for	  materials	  
➢ Enables	  sharing	  of	  a	  variety	  of	  data	  types,	  

including	  text,	  images,	  and	  video	  	  

https://materialsdata.nist.gov/
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Digital	  Identifier	  

Related	  Work

Data	  files

Offer licenses with 
attribution 3.0 
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Metadata Curation
Markup
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Open 
Literature

Molecular Modeling 
&  

Property Prediction

Lic
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Data	  Capture
Model	  	  

Development

Quality	  Checks	  in	  
Peer	  Review

Algo
rithm

ic	  	  

Enha
ncem

ent

Web-‐based	  

Dissemination

ThermoData	  Engine	  (SRD	  103b)

Web	  Thermo	  Tables	  (SRD	  203)	  
ThermoLit	  (SRD	  171)

THERMODYNAMICS	  RESEARCH	  CENTER

• 	  Expanding	  to	  metallic	  systems	  
• Initial	  focus	  on	  phase	  equilibria	  data	  and	  thermochemical	  property	  	  data	  .

http://trc.nist.gov/
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A	  Successful	  Example
“We	  present	  a	  data	  model	  describing	  the	  
structure	  of	  spectrophotometric	  datasets	  
with	  spectral	  and	  temporal	  coordinates	  
and	  associated	  metadata.	  This	  data	  
model	  may	  be	  used	  to	  represent	  spectra,	  
time	  series	  data,	  segments	  of	  SED	  
(Spectral	  Energy	  Distributions)	  and	  other	  
spectral	  or	  temporal	  associations.”	  

“In	  this	  document	  we	  present	  a	  proposed	  
abstraction	  for	  spectral	  data	  and	  
serializations	  in	  VOTABLE,	  FITS,	  and	  XML,	  
for	  use	  as	  a	  standard	  method	  of	  spectral	  
data	  interchange.”	  

“This	  is	  a	  Proposed	  Recommendation,	  
developed	  with	  the	  intention	  to	  support	  
the	  Simple	  Spectral	  Access	  Protocol.”

“The	  Simple	  Spectral	  Access	  (SSA)	  Protocol	  (SSAP)	  defines	  a	  uniform	  
interface	  to	  remotely	  discover	  and	  access	  one-‐dimensional	  spectra.”35



Astronomy	  vs.	  Material	  Measurement
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https://github.com/usnistgov/MDCS

• Written	  in	  python	  Django	  	  
• Backed	  by	  MongoDB	  
• SPARQL	  Query	  interface	  
• XML-‐based	  Schema	  
• Ability	  to	  store	  templates	  
• Schema	  management	  tools	  
• REST	  API	  interface	  	  
• Features	  in	  progress:	  	  Schema	  composer	  and	  Links	  to	  

Dspace	  repository 37

https://github.com/usnistgov/MDCS
https://github.com/usnistgov/MDCS
https://github.com/usnistgov/MDCS


A simple use for the curator
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Registries

See	  Poster	  by	  Chandler	  Becker!

39



The case for a  

Materials  

Resource Registry

Register. Discover. Access. 

Research Data Alliance



Collaborators

National Institute of Standards and Technology (NIST) 

National Data Service (NDS) 

Center for Hierarchical Materials Design (CHiMaD) 

Research Data Alliance (RDA)



How	  do	  you	  use	  to	  describe	  your	  
data	  resource?

Chandler	  A.	  Becker1,	  Raymond	  L.	  Plante1,	  Sharief	  Youssef2,	  Alden	  
Dima2,	  Robert	  J.	  Hanisch1,	  Laura	  M.	  Bartolo3,	    

James	  A.	  Warren1	  

1	  Material	  Measurement	  Laboratory,	  NIST	  
2	  Information	  Technology	  Laboratory,	  NIST	  

3	  Center	  for	  Hierarchical	  Materials	  Design,	  Northwestern	  Univ.	  

NIST	  MGI	  seminar,	  1	  Oct.	  2015



Everybody	  loves	  a	  challenge

10/1/15
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10/1/15
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How	  do	  you	  find	  data?

?!?
45



http://acceleratornetwork.org/mse-‐challenge/

10/1/15
46



What	  does	  each	  resource	  represent?	  	  How	  do	  I	  find	  out?	  
What	  if	  I	  want	  to	  search	  only	  these	  resources	  or	  a	  subset	  of	  them?

10/1/15
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10/1/15
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Browse	  and	  refine

49



Get	  more	  information

50



Data Policy
A NIST Approach (in progress) 
We can help you with DMPs!
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Data  Taxonomy:  STRAWMAN-‐DRAFT

SRD	  

Reference	  Data	  

Resource	  Data	  

Published	  Results	  

Publishable	  Results	  

Derived	  Data	  

Working	  Data

Working	  Data	  
The	  digital	  equivalent	  of	  entering	  data	  in	  a	  laboratory	  
notebook.	  Working	  data	  may	  be	  raw	  observational	  data	  
that	  is	  acquired	  directly	  from	  an	  instrument	  or	  a	  
measurement	  system,	  or	  digital	  values	  acquired	  or	  
generated	  during	  experiments	  or	  simulations.	  	  In	  some	  
cases	  the	  researcher	  responsible	  for	  generating	  the	  
working	  data	  may	  determine	  that	  this	  data	  has	  
immediate	  value	  and	  is	  worth	  preserving,	  or	  the	  
researcher	  expects	  the	  data	  will	  have	  value	  after	  it	  has	  
been	  manipulated	  or	  further	  evaluated,	  and	  the	  data	  has	  
the	  potential	  to	  develop	  into	  a	  publication	  or	  will	  be	  
used	  to	  draw	  conclusions.	  In	  other	  cases	  working	  data	  
may	  be	  recognized	  as	  not	  appropriate	  for	  broader	  use	  in	  
its	  present	  form.	  It	  may	  have	  value	  to	  the	  data	  producers	  
and	  their	  collaborators,	  but	  it	  should	  be	  recognized	  that	  
the	  data	  could	  be	  easily	  misinterpreted	  by	  people	  not	  
closely	  involved	  in	  its	  production	  because	  some	  
metadata	  and	  important	  facts	  about	  its	  status	  or	  
acquisition	  are	  not	  readily	  available	  beyond	  the	  
immediate	  research	  team	  (i.e.	  adequate	  metadata	  for	  re-‐
purposing	  is	  not	  attached	  to	  the	  data	  itself,	  expending	  
resources	  to	  codify	  needed	  metadata	  is	  not	  justified,	  etc
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Data  Taxonomy:  STRAWMAN-‐DRAFT

• Preservation	  Levels	  
1. No	  additional	  requirements	  
2. Individual	  user	  responsibility	  
3. Data	  backed	  up	  using	  a	  tested/automated	  process	  

• Discoverability	  Levels	  
1. No	  additional	  requirements	  
2. Persistent	  Identifier	  (PID)	  assigned	  
3. Entered	  in	  NIST	  Enterprise	  Data	  Inventory1	  
4. Inventory	  record	  flagged	  for	  public	  access	  

1PID	  assigned	  +	  NIST	  minimum	  metadata	  present
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Data  policy  under  discussion  
mapping	  levels	  onto	  categories

Preserv	  =	  Preservation	  
Discov	  =	  Discoverability	  

SRD	  

Reference	  Data	  

Resource	  Data	  

Published	  Results	  

Publishable	  Results	  

Derived	  Data	  

Working	  Data

Preserv	  

3	  

3	  

3	  

3	  

2	  

1	  

1

Discov

4

4

4

4

3

1

1

STRAW  MAN-‐DRAFT
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CENTER FOR  
HIERARCHICAL MATERIALS DESIGN

NIST Center of Excellence: 
Advanced Materials



STOP

MGI.NIST.GOV
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