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Problems	
  of	
  heterogeneity	
  

•  Seman<cs:	
  two	
  names	
  for	
  the	
  same	
  thing	
  
•  Semio<cs:	
  one	
  name	
  for	
  two	
  different	
  things	
  
•  Schizophrenia	
  (cogni<ve	
  dissonance):	
  two	
  names	
  for	
  
two	
  different	
  things	
   Lighthouse 

Vertical Obstruction 
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Semantic	
  quandaries	
  

•  Two	
  co-­‐located	
  shapes	
  -­‐>	
  “seman<c	
  heterogeneity”	
  
•  Agree	
  “obstruc<on”	
  equals	
  “lighthouse”	
  -­‐>	
  boat	
  
crashes	
  into	
  a	
  water	
  tower	
  

•  Agree	
  lighthouse	
  “is	
  a”	
  ver<cal	
  obstruc<on	
  -­‐>	
  ship	
  
ignores	
  light	
  buoy,	
  hits	
  shoal	
  

•  Agree	
  ver<cal	
  obstruc<on	
  “is	
  a”	
  lighthouse	
  -­‐>	
  plane	
  
hits	
  watertower	
  

•  We	
  have	
  “cogni<ve	
  heterogeneity”	
  -­‐>	
  two	
  theories	
  
for	
  the	
  same	
  reality	
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Top	
  of	
  the	
  Interoperability	
  Stack	
  

•  Purpose	
  –	
  Enlightenment,	
  tenure	
  	
  

•  Percep4on	
  –	
  Visual	
  -­‐	
  aural	
  -­‐	
  tac4le	
  

•  Theory	
  -­‐	
  persistence,	
  consequence	
  

•  Discernment	
  –	
  Feature,	
  context	
  

•  Applica4on	
  –	
  Discovery,	
  analysis,	
  profit	
  

•  Representa4on–	
  geometry,	
  equa4on	
  

•  Ontology	
  –	
  	
  domain,	
  upper,	
  lower	
  

Increasing / 
higher level 
interoperabili
ty 

Human-centric 

Machine-centric 
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Which	
  Geospatial	
  Metadata	
  Role?	
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We	
  have	
  the	
  Data	
  we	
  Asked	
  for	
  

Source:	
  flickr	
  h]p://www.flickr.com/photos/docsearls/5500714140/	
  

•  The	
  Web	
  of	
  data	
  becomes	
  a	
  reality	
  by	
  connec<ng	
  so	
  far	
  isolated	
  
islands	
  or	
  data	
  silos	
  such	
  as	
  
–  Enterprise	
  silos	
  (Disparate	
  DBMS	
  Engines	
  &	
  Development	
  Frameworks)	
  
–  Social	
  Media	
  silos	
  (Social	
  Networking	
  Services,	
  Discussion	
  Forums,	
  Blogs,	
  

Wikis	
  etc.)	
  
–  Scien<fic	
  silos	
  (in	
  biology,	
  physics,	
  earth	
  sciences,	
  etc.)	
  

•  Linked	
  Open	
  Data	
  (LOD)	
  is	
  a	
  way	
  of	
  publishing	
  data	
  on	
  the	
  
(Seman<c)	
  Web	
  that:	
  
–  Encourages	
  reuse	
  
–  Promotes	
  its	
  (real	
  &	
  poten<al)	
  	
  
	
  	
  	
  inter-­‐connectedness	
  
–  Enables	
  network	
  effects	
  to	
  	
  
	
  	
  	
  	
  add	
  value	
  to	
  data	
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Properties of Linked Data 

•  Anyone can publish data on the Web 
of Linked Data 
–  Entities are connected by links 
–  Creating a global data graph that spans 

data sources and enables the discovery of 
new data sources 

•  Data is self-describing 
–  If an application encounters data 

represented using an unfamiliar vocabulary, 
the application can   resolve the URIs that 
identify vocabulary terms in order to find     
their RDFS or OWL definition 

•  The Web of Data is open 
–  Applications can discover new data 

sources at run-time by following links 

The mug is from Tim Berners-Lee’s design note on Linked Data 
 http://www.w3.org/DesignIssues/LinkedData.html 
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Linked	
  Open	
  data	
  

•  The current Web is a Web of Documents 
intended for human interpretation.  Other 
applications can not access and process these data 
unless... 

Linked Data Vision 
•  open the data silos and get rid of repository-

centric mindset 
•  publish data of public interest on the Web in a 

way that other applications can access and 
interpret the data  using common Web 
technologies 



Linked	
  Open	
  Data	
  

• A set of four principles 
• Use URIs as names for things 
• Use HTTP URIs so that people can look up those names 
• when someone looks up a URI, provide useful information, 
using the standards (RDF, SPARQL) 
• include links to other URIs, so that they can discover more 
things 



• 	
  Give	
  things	
  an	
  URI!	
  
• 	
  Use	
  RDF	
  for	
  Publishing!	
  
• 	
  Link	
  your	
  Data	
  to	
  other	
  Data	
  
	
  	
  (as	
  well	
  as	
  the	
  data	
  models)!	
  
• 	
  Provide	
  a	
  Standard-­‐API	
  

• Provide	
  an	
  API!	
  

• Organise	
  Data!	
  
• License	
  Data!	
  
• Raw	
  Data	
  now!	
  

From	
  Open	
  Data	
  to	
  Linked	
  Open	
  Data	
  

10 

Publish	
  Data!	
  

Use	
  Web-­‐Technologies	
  

Use	
  Linked	
  Data!	
  

© SWC – HTTP://WWW.SEMANTIC-WEB.AT 



Example	
  

M.	
  Arenas	
  and	
  J.	
  Perez	
  –	
  Querying	
  Seman<c	
  Web	
  Data	
  with	
  SPARQL	
  PODS’11	
  Invited	
  talk	
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How	
  to	
  link	
  data?	
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LOD	
  Cloud	
  as	
  of	
  November	
  2007	
  

Arrow	
  Thickness:	
  
thin	
  =	
  100s	
  
medium	
  =	
  10k-­‐100k	
  
thick	
  =	
  100k+	
  

Many	
  are	
  published	
  
using	
  tools	
  that	
  
operate	
  over	
  
relational	
  data	
  

Overall	
  StaFsFcs	
  
Triples	
  #:	
  2	
  billion	
  

Links	
  (external)	
  #:	
  3	
  million	
  
RaFo:	
  0.001	
  

Most of the links 
created based on 
common 
identifiers or 
automatic 
wrapper scripts 
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LOD	
  Cloud	
  as	
  of	
  August	
  2009	
  

Overall	
  StaFsFcs	
  
Triples	
  #:	
  7.7	
  billion	
  

Links(external)	
  #:	
  142	
  million	
  
RaFo:	
  0.018	
  

Arrow	
  Thickness:	
  
thin	
  =	
  100s	
  
medium	
  =	
  10k-­‐100k	
  
thick	
  =	
  100k+	
  

Non-­‐Bio:	
  
Triples	
  #:	
  5.3	
  billion	
  
Links	
  #:	
  9	
  million	
  
RaFo:	
  0.002	
  

Media 

Publications 

User-generated content 

Geographic 
 data 

Cross-domain 

Life Science 
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LOD	
  Cloud	
  as	
  of	
  September	
  2010	
  
Overall	
  StaFsFcs	
  
Triples	
  #:	
  ~25	
  billion	
  
Links	
  (external)	
  #:	
  ~440	
  million	
  
RaFo:	
  0.017	
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The	
  Growth	
  in	
  Number	
  and	
  Size	
  

C.	
  Bizer,	
  A.	
  Jentzsch,	
  R.	
  Cyganiak,4th	
  State	
  of	
  the	
  Web	
  of	
  Data	
  Linked	
  Data	
  on	
  the	
  Web	
  Workshop	
  (29/3/2011)	
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The	
  Growth	
  by	
  Domain	
  2009-­‐2010	
  

C.	
  Bizer,	
  A.	
  Jentzsch,	
  R.	
  Cyganiak,4th	
  State	
  of	
  the	
  Web	
  of	
  Data	
  Linked	
  Data	
  on	
  the	
  Web	
  Workshop	
  (29/3/2011)	
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Links	
  between	
  Datasets	
  

C.	
  Bizer,	
  A.	
  Jentzsch,	
  R.	
  Cyganiak,4th	
  State	
  of	
  the	
  Web	
  of	
  Data	
  Linked	
  Data	
  on	
  the	
  Web	
  Workshop	
  (29/3/2011)	
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Towards	
  a	
  Convergence	
  in	
  Web	
  3.0	
  

Semantic	
  Web	
  

Unstructured/loosely	
  	
  
structured	
  documents	
  

Relational	
  	
  
Databases	
  

Data 
Spaces 

Entity 
Spaces 

Linked 
Open Data 

•  Global	
  informa<on	
  spaces	
  where	
  a	
  
variety	
  of	
  data	
  co-­‐exist	
  along	
  with	
  a	
  
minimal	
  structuring	
  and	
  naming	
  
conven<ons	
  
–  dataset	
  par<cipants	
  +	
  rela<onships	
  

(correspondences	
  or	
  mappings)	
  	
  
•  Par<cipants	
  

–  data	
  published	
  according	
  to	
  LOD	
  guidelines	
  	
  
–  generic	
  representa<on	
  of	
  data	
  as	
  fine-­‐

grained	
  triples	
  
–  at	
  best	
  only	
  par<al	
  knowledge	
  of	
  data	
  

seman<cs	
  by	
  ontologies/schemes	
  
•  Rela<onships	
  

–  links	
  constructed	
  by	
  humans	
  (same	
  as	
  etc.)	
  
or	
  by	
  machines	
  (“is	
  view“,	
  “schema	
  
mapping“,	
  “created	
  independently“,	
  ...)	
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Linked	
  Open	
  Geodata	
  support	
  OGD	
  

•  Most	
  public	
  datasets	
  have	
  geo	
  references	
  
–  POIs	
  (e.g.	
  administra<ve	
  and	
  public	
  buildings)	
  
–  Sta<s<cal	
  datasets	
  
–  Financial	
  datasets	
  
–  Events	
  

•  Linked	
  Open	
  Data	
  could	
  facilitate	
  
–  Showing	
  any	
  geo-­‐referenced	
  data	
  on	
  a	
  map	
  

•  POIs,	
  boundaries,	
  labels...	
  
•  +	
  Styling	
  (e.g.	
  MapCSS)	
  
•  +	
  Events	
  (API)	
  

–  Integra<on	
  of	
  linked	
  data	
  from	
  other	
  sources	
  
–  Facilitate	
  analysis	
  by	
  queries	
  (SPARQL	
  +	
  Addons)	
  
–  Rendering	
  maps	
  for	
  sta<s<cs,	
  financial	
  data,	
  ...	
  

InGeoCloudS	
  Experts	
  Workshop,	
  Paris	
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„Geo-referenced“: 
not only lat/lon, also 

named entities 



Linked	
  Data	
  Cloud	
  

Here’s	
  where	
  the	
  Cloud	
  is…	
  
	
  
	
  
	
  

	
  
	
  
“Linking	
  Open	
  Data	
  cloud	
  diagram,	
  by	
  Richard	
  Cyganiak	
  and	
  Anja	
  Jentzsch.	
  	
  

h]p://lod-­‐cloud.net/”	
  

Where  
Are We? 
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So	
  what	
  is	
  involved?	
  

•  Iden<fying	
  Data	
  (values)	
  using	
  URIs	
  
•  Using	
  a	
  unified	
  upper	
  ontology	
  to	
  describe	
  the	
  data	
  
(metadata)	
  

•  Incorporate	
  in	
  that:	
  I	
  N	
  S	
  P	
  I	
  R	
  E	
  
–  INSPIRE	
  already	
  has	
  a	
  conceptual	
  model	
  
–  INSPIRE	
  integrates	
  standards	
  

•  ISO	
  
•  OGC	
  
•  W3C	
  

•  INPSIRE	
  uses	
  other	
  Ontologies	
  
–  ISO	
  19101,	
  19115,	
  19119	
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