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The	  nanoinforma,cs	  challenge	  

Nanotechnology	  solves	  global	  challenges	  by	  
genera,ng	  and	  applying	  new	  mul,disciplinary	  
knowledge	  of	  nanoscale	  phenomena	  and	  engineered	  
nanoscale	  materials,	  structures,	  and	  products.	  The	  
data	  underlying	  this	  new	  knowledge	  are	  vast,	  
disconnected,	  and	  challenging	  to	  integrate	  into	  the	  
broad	  scien/fic	  body	  of	  knowledge.	  This	  signature	  
ini,a,ve,	  Nanotechnology	  Knowledge	  Infrastructure:	  
Enabling	  Na,onal	  Leadership	  in	  Sustainable	  Design,	  
will	  leverage	  and	  extend	  exis/ng	  and	  emerging	  
resources,	  programs,	  and	  technologies	  to	  create	  an	  
infrastructure	  to	  accelerate	  the	  veFng	  of	  new	  
knowledge	  and	  to	  enable	  effec/ve	  data	  u/liza/on.	  

hDp://www.nano.gov/NSINKI	  
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Data and NIST 
•  NIST is a national and world resource for fundamental 

data 
•  Access should be easy and open 

–  With regard to IP and privacy issues 
•  As our nation’s standards organization… 

–  NIST should be a leader in national and international 
standards efforts for data discovery and access 

–  Discovery is fundamental 
–  Discovery is enabled by metadata standards 

•  Key research at NIST should engage in data sharing 
strategies from the onset 

•  NIST should provide an infrastructure that makes data 
and information sharing as easy as possible 
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ODI	  in	  context	  

•  NIST	  Material	  Measurement	  Laboratory	  
– Materials	  Science	  and	  Engineering	  Division	  
– Materials	  Measurement	  Services	  Division	  
– Biosystems	  and	  Biomaterials	  Science	  Division	  
– Biomolecular	  Measurement	  Division	  
– Chemical	  Sciences	  Division	  
– Applied	  Chemicals	  and	  Materials	  Division	  
– Office	  of	  Reference	  Materials	  
– Office	  of	  Data	  and	  Informa,cs	  
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MML	  in	  context	  

•  Associate	  Director	  for	  Laboratory	  Programs	  
– Material	  Measurement	  Laboratory	  
– Communica,ons	  Technology	  Laboratory	  
– Physical	  Measurement	  Laboratory	  
– Engineering	  Laboratory	  
–  Informa,on	  Technology	  Laboratory	  
– Center	  for	  Nanoscale	  Science	  and	  Technology	  
– NIST	  Center	  for	  Neutron	  Research	  
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•  Analy,cal	  Chemistry	  	  
•  Atomic	  and	  Molecular	  Physics	  
•  Biometrics	  
•  Biotechnology	  
•  Chemical	  and	  Crystal	  Structure	  
•  Chemical	  Kine,cs	  
•  Construc,on	  
•  Chemistry	  
•  Environmental	  Data	  
•  Fire	  
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•  Fluids	  
•  Interna,onal	  Trade	  
•  Law	  Enforcement	  
•  Materials	  Proper,es	  
•  Op,cal	  Character	  Recogni,on	  
•  Personal	  Iden,ty	  Verifica,on	  
•  Physics	  
•  Surface	  Data	  
•  Text	  and	  Video	  Retrieval	  
•  Thermophysical	  &	  Thermochemical	  

NIST	  Standard	  Reference	  Data	  
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NIST	  Standard	  Reference	  Data	  
•  Standard	  Reference	  Data	  

products	  
–  20	  CDROM	  or	  direct	  

download	  
–  83	  web	  applica,ons	  
–  2	  online	  subscrip,on	  

products	  
–  14	  fee-‐based	  products	  
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•  Special	  Databases	  
–  21	  Special	  Databases	  	  

•  Na,onal	  SoZware	  Reference	  Library	  
•  Personal	  Iden,ty	  Verifica,on	  Cards	  (PIV)	  
•  Fingerprint,	  mugshot	  and	  	  
hand	  wri,ng	  databases.	  
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MGI	  Ini,a,ve	  at	  NIST	  
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Goal	  1:	  NIST	  establishes	  essen$al	  
materials	  data	  and	  model	  exchange	  
protocols	  

Goal	  2:	  NIST	  establishes	  the	  means	  to	  
ensure	  the	  quality	  of	  materials	  data	  and	  
models	  

Goal	  3:	  NIST	  establishes	  new	  methods,	  
metrologies	  and	  capabili$es	  necessary	  
for	  accelerated	  materials	  development.	  	  	  

Foster	  widespread	  adop,on	  of	  the	  MGI	  
paradigm	  both	  across	  and	  within	  the	  mul,tude	  
of	  materials	  development	  ecosystems	  

(c/o	  J.	  Warren)	  
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MGI:	  	  Enable	  &	  enhance	  discovery	  &	  interoperability	  	  
	  

•  Develop	  and	  deploy	  repositories	  
•  Develop	  and	  disseminate	  materials	  
informa,cs	  infrastructure	  
–  Enable	  data	  discovery	  through	  tools	  and	  
standards	  

–  Capture	  data	  from	  scien,fic	  workflows	  and	  
archival	  sources	  

–  Engage	  with	  stakeholders	  to	  determine	  needs	  
and	  disseminate	  best	  prac,ces	  	  

•  Integrate	  across	  length	  and	  ,me	  scale	  
•  Build	  and	  test	  infrastructure	  through	  pilots	  
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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	  Proper,es	  
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MGI	  portal	   10	
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materialsdata.nist.gov	   11	
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materialsdata.nist.gov	   12	
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Sample	  entry	  

Related	  Work	  

Similar	  Work	  

Digital	  Identifier	  	   Data	  files	  

Offer licenses with 
attribution 3.0  
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•  Written	  in	  python	  
•  Backed	  by	  MongoDB	  
•  SPARQL	  Query	  interface	  
•  XML-‐based	  Schema	  
•  Table	  input	  	  

New	  features:	  
•  Ability	  to	  store	  templates	  
•  Schema	  management	  tools	  
•  REST	  API	  interface	  	  
•  Schema	  Composer	  

Data	  cura,on	  
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Curation	  of	  Raw	  Data	  

Curated	  Data	  
(Data	  to	  share)	  	  

Other	  Data/	  Users	  

D
ata	  to	  Share	  

Send	  Data	  via	  
API	  

User	  
defined	  
tools	  

Interface	  with	  workflow	  tools	  

Metadata	  cura,on	  schema,c	  



Data	  infrastructure	  investments	  
•  NIST	  inves,ng	  in	  infrastructure	  development	  to	  

ins,gate	  changes	  in	  data	  management	  behaviors,	  
assure	  compliance	  with	  OMB/OSTP	  policies	  on	  open	  
data	  

•  Four	  areas	  of	  focus	  
–  Internal	  open	  data	  processes	  and	  tools:	  	  data	  publica,on	  process,	  

deployment	  of	  Data	  Management	  Plan	  and	  Enterprise	  Data	  
Inventory	  tools	  in	  federated	  architecture	  

–  Data	  management	  infrastructure:	  	  cloud-‐based	  storage	  for	  working	  
data,	  drag-‐and-‐drop	  user	  i/f	  and	  API,	  fast	  network	  link	  to	  cloud	  
storage	  

–  Data	  dissemina,on	  and	  public	  access:	  	  NIST	  data	  portal,	  SRD	  
interface	  re-‐design,	  data	  center	  infrastructure	  for	  SRD	  and	  other	  
public-‐facing	  data	  

–  Effec,ve	  u,liza,on	  of	  commercial/public	  domain	  data	  tools:	  	  
increase	  pace	  of	  review	  and	  poten,al	  adop,on	  of	  data	  and	  
collaboratory	  tools,	  move	  ~20	  packages	  through	  NIST	  review	  
processes	  (Skype,	  SpiderOak,	  OwnCloud,	  SciDrive,	  Socrata,	  
Evernote,	  ELNs,	  etc.)	  

16	




NIST	  research	  data:	  	  2014-‐2017	  
•  Modernize	  the	  Standard	  Reference	  Data	  collec,on.	  	  	  

–  Revamp	  interfaces	  and	  build	  applica,ons	  programming	  interfaces	  (APIs)	  in	  order	  
to	  make	  SRDs	  much	  more	  usable.	  

–  Audit	  and	  ra,onalize	  SRD,	  special	  databases,	  etc.	  	  
•  Implement	  the	  OMB/OSTP	  policies	  on	  providing	  public	  access	  to	  data.	  	  	  

–  Build	  a	  tool	  to	  facilitate	  crea,on	  of	  Data	  Management	  Plans	  by	  researchers	  and	  
working	  to	  show	  the	  value	  of	  DMPs	  independent	  of	  the	  Administra,on	  direc,ves.	  

–  Build	  a	  tool	  to	  allow	  researchers	  to	  deposit	  metadata	  for	  export	  to	  data.gov.	  
–  Develop	  produc,on-‐level	  infrastructure	  and	  populate	  it	  with	  persistent	  iden,fiers	  

and	  metadata	  for	  all	  publicly	  available	  NIST	  data.	  	  
•  Establish	  a	  solu,on	  center	  for	  good	  data	  management	  prac,ces.	  	  	  

–  Broker	  solu,ons	  to	  data	  management	  problems,	  advise	  on	  good	  prac,ces	  and	  
help	  staff	  set	  up	  the	  hardware/soZware	  infrastructure	  needed	  to	  support	  their	  
data	  management	  challenges.	  	  

•  Become	  a	  resource	  for	  data	  analy,cs	  and	  informa,cs	  solu,ons.	  	  	  
–  Provide	  consulta,on	  from	  an	  informa,cs	  generalist	  who	  can	  help	  researchers	  in	  a	  

variety	  of	  situa,ons	  to	  find	  the	  most	  appropriate	  tools	  for	  understanding	  the	  
paDerns	  and	  characteris,cs	  of	  complex/large	  data	  sets.	  

•  Support	  the	  Materials	  Genome	  Ini,a,ve	  
–  Na,onal	  ini,a,ve	  to	  promote	  new	  materials—discovery	  through	  	  	  	  	  	  	  	  	  	  	  	  

deployment—by	  linking	  data,	  models,	  and	  experiment.	  

7	  
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NIST	  research	  data:	  	  ~10	  year	  horizon	  
•  Expand	  the	  Standard	  Reference	  Data	  collec,on.	  	  	  

–  Iden,fy	  through	  internal	  and	  external	  inputs	  where	  new	  SRD	  are	  needed.	  
–  Priori,ze,	  scope,	  and	  find	  resources	  for	  development	  work	  

•  Establish	  NIST	  as	  an	  exemplar	  federal	  agency	  in	  data	  management.	  	  	  
–  Implement	  and	  share	  best	  prac,ces	  for	  preserva,on,	  cura,on,	  discovery,	  re-‐use,	  

and	  interoperability	  
–  Facilitate	  community-‐based	  development	  of	  metadata	  standards	  &	  data	  models	  
–  Par,cipate	  in	  leadership	  of	  na,onal	  and	  interna,onal	  data	  federa,on	  ac,vi,es	  

•  Research	  Data	  Alliance,	  Na,onal	  Data	  Services	  Consor,um,	  CODATA	  and	  World	  Data	  
System	  

–  Contribute	  to	  solving	  the	  challenge	  of	  long-‐term	  sustainability	  of	  data	  
repositories	  

–  Share	  NIST-‐developed	  technologies	  to	  assist	  other	  agencies	  in	  improving	  data	  
access	  and	  data	  services	  

–  Collaborate	  with	  federal	  and	  non-‐federal	  organiza,ons	  in	  developing	  and	  
deploying	  common	  solu,ons	  

–  Establish	  a	  data-‐aware,	  data-‐savvy	  culture	  at	  NIST	  
•  Improve	  efficiency	  of	  experimenta,on	  and	  simula,on	  
•  Improve	  reliability	  and	  reproducibility	  of	  research	  results	  
•  Increase	  value	  of	  NIST	  to	  the	  research	  and	  industrial	  communi,es	  
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Research Data Alliance 
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hDp://rd-‐alliance.org/	  
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CODATA 
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hDp://www.codata.org/	  
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Na,onal	  Data	  Service	  
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hDp://www.na,onaldataservice.org/	  



Some	  things	  to	  think/worry	  about	  

•  Quality	  metadata	  is	  key	  for	  discovery,	  
interoperability,	  re-‐use	  
–  Reproducibility	  
–  Integrity	  of	  the	  scien,fic	  process	  
– Metadata	  cura,on	  is	  non-‐trivial,	  can	  be	  costly	  

•  Address	  interoperability	  at	  the	  proper	  scale	  
–  Too	  wide:	  	  very	  expensive,	  difficult/impossible	  to	  reach	  
consensus	  across	  disciplines;	  	  what	  is	  the	  scien,fic	  
mo,va,on?	  

–  Too	  narrow:	  	  Scien,fic	  stovepipes,	  missed	  opportuni,es	  
for	  discovery	  at	  the	  intersec,ons	  of	  complementary	  
data	  collec,ons	  
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Some	  things	  to	  think/worry	  about	  

•  Standards	  for	  metadata,	  data	  access	  
protocols,	  etc.,	  require	  community	  
par,cipa,on	  to	  assure	  take-‐up	  
– Major	  research	  organiza,ons	  
–  Professional	  socie,es	  (na,onal,	  interna,onal)	  
–  Recognized	  standards	  organiza,ons	  
–  RDA,	  CODATA,	  NDS,	  EUDAT,	  etc.	  
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Some	  things	  to	  think/worry	  about	  

•  LiDle	  na,onal	  commitment	  to	  sustaining	  
infrastructure	  for	  open	  data	  
–  Domain	  repositories	  oZen	  must	  (re)compete	  for	  
basic	  resources,	  rely	  on	  complex	  business	  models	  

–  Federal	  funding	  agencies	  require	  Data	  
Management	  Plans,	  but	  provide	  no	  common	  
infrastructure	  and	  no	  consistent	  review	  process	  

–  Commercial	  academic	  publishers	  poised	  to	  take	  on	  
data	  preserva,on	  roles;	  open	  data	  could	  move	  
behind	  pay-‐walls	  
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Summary	  
•  Goal	  of	  ODI	  is	  to	  improve	  data	  management	  
prac,ces	  at	  MML	  and	  NIST	  
–  Data	  management	  plans	  
–  Improved	  efficiency:	  	  do	  science,	  not	  bookkeeping	  
–  Data	  publica,on	  and	  cita,on	  enabling	  discovery,	  re-‐use,	  and	  

improving	  reproducibility	  
–  Data	  mining,	  analy,cs,	  informa,cs	  

•  But…	  MML/NIST	  data	  are	  incredibly	  diverse	  
–  New	  metadata	  standards	  
–  Must	  address	  interoperabiity	  at	  the	  appropriate	  granularity	  

•  Federa,on	  rather	  than	  centraliza,on	  

25	



