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TL;DR	
  Version	
  
•  Linked	
  Open	
  Data	
  is	
  hard	
  to	
  create	
  
•  Linded	
  Open	
  Data	
  is	
  hard	
  to	
  query	
  
•  Two	
  ongoing	
  UMBC	
  disserta?ons	
  hope	
  to	
  
make	
  it	
  easier	
  
–  Varish	
  Mulwad:	
  Genera?ng	
  linked	
  data	
  from	
  
tables	
  

–  Lushan	
  Han:	
  Querying	
  linked	
  data	
  with	
  a	
  
quasi-­‐NL	
  interface	
  

•  Both	
  need	
  sta?s?cs	
  on	
  large	
  amounts	
  of	
  
LOD	
  data	
  and/or	
  text	
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Genera?ng	
  Linked	
  Data	
  
by	
  Inferring	
  the	
  

Seman?cs	
  of	
  Tables	
  
	
  

Research	
  by	
  Varish	
  Mulwad	
  
hFp://ebiq.org/j/96	
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Goal:	
  Table	
  =>	
  LOD*	
  

Name	
   Team	
   Posi>on	
   Height	
  
Michael	
  Jordan	
   Chicago	
   Shoo?ng	
  guard	
   1.98	
  

Allen	
  Iverson	
   Philadelphia	
   Point	
  guard	
   1.83	
  

Yao	
  Ming	
   Houston	
   Center	
   2.29	
  

Tim	
  Duncan	
   San	
  Antonio	
   Power	
  forward	
   2.11	
  

hFp://dbpedia.org/class/yago/
Na?onalBasketballAssocia?onTeams	
  

hFp://dbpedia.org/resource/Allen_Iverson	
   Player	
  height	
  in	
  
meters	
  

dbprop:team	
  

*	
  DBpedia	
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Goal:	
  Table	
  =>	
  LOD*	
  

Name	
   Team	
   Posi>on	
   Height	
  
Michael	
  Jordan	
   Chicago	
   Shoo?ng	
  guard	
   1.98	
  

Allen	
  Iverson	
   Philadelphia	
   Point	
  guard	
   1.83	
  

Yao	
  Ming	
   Houston	
   Center	
   2.29	
  

Tim	
  Duncan	
   San	
  Antonio	
   Power	
  forward	
   2.11	
  

@prefix	
  dbpedia:	
  <hFp://dbpedia.org/resource/>	
  .	
  
@prefix	
  dbpedia-­‐owl:	
  <hFp://dbpedia.org/ontology/>	
  .	
  
@prefix	
  yago:	
  <hFp://dbpedia.org/class/yago/>	
  .	
  
	
  
"Name"@en	
  is	
  rdfs:label	
  of	
  dbpedia-­‐owl:BasketballPlayer	
  .	
  
"Team"@en	
  is	
  rdfs:label	
  of	
  yago:Na?onalBasketballAssocia?onTeams	
  .	
  
	
  
"Michael	
  Jordan"@en	
  is	
  rdfs:label	
  of	
  dbpedia:Michael	
  Jordan	
  .	
  
dbpedia:Michael	
  Jordan	
  a	
  dbpedia-­‐owl:BasketballPlayer	
  .	
  
	
  
"Chicago	
  Bulls"@en	
  is	
  rdfs:label	
  of	
  dbpedia:Chicago	
  Bulls	
  .	
  
dbpedia:Chicago	
  Bulls	
  a	
  yago:Na?onalBasketballAssocia?onTeams	
  .	
  

RDF	
  
Linked	
  
Data	
  

All	
  this	
  in	
  a	
  completely	
  automated	
  way	
  
*	
  DBpedia	
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2010	
  Preliminary	
  Heuris>c	
  System	
  

Class	
  predic?on	
  for	
  column:	
  77%	
  	
  
En?ty	
  Linking	
  for	
  table	
  cells:	
  66%	
  	
  

Examples	
  of	
  class	
  label	
  predic1on	
  results:	
  
Column	
  –	
  Na?onality	
  
Predic?on	
  –	
  MilitaryConflict	
  
	
  
Column	
  –	
  Birth	
  Place	
  
Predic?on	
  –	
  PopulatedPlace	
  

Predict	
  Class	
  for	
  
Columns	
  

Linking	
  the	
  table	
  
cells	
  

Iden?fy	
  and	
  
Discover	
  rela?ons	
  

	
  
	
  
	
  
	
  
	
  
	
  

T2LD	
  Framework	
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KB	
  

m,n,o	
  

Joint	
  Assignment/	
  
Inference	
  Model	
  

KB	
  

Domain	
  Knowledge	
  –	
  Linked	
  Data	
  
Cloud	
  /	
  Medical	
  Domain	
  /	
  Open	
  Govt.	
  

Domain	
  
Query	
  

Linked	
  Data	
  

Domain	
  Independent	
  Framework	
  

Generate	
  a	
  set	
  of	
  classes/en??es	
  

x,y,z	
  

a,b,c	
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One	
  Challenge:	
  Interpre?ng	
  Literals	
  

Popula>on	
  

690,000	
  

345,000	
  

510,020	
  

120,000	
  

Age	
  

75	
  

65	
  

50	
  

25	
  

Popula?on?	
  
Profit	
  in	
  $K	
  ?	
  

Age	
  in	
  years?	
  
Percent?	
  

Many	
  columns	
  have	
  literals,	
  e.g.,	
  numbers	
  

• Predict	
  proper?es	
  based	
  on	
  cell	
  values	
  
• Cyc	
  had	
  hand	
  coded	
  rules:	
  humans	
  don’t	
  live	
  past	
  120	
  
• We	
  extract	
  value	
  distribu<ons	
  from	
  LOD	
  resources	
  
•  Differ	
  for	
  subclasses,	
  e.g.,	
  age	
  of	
  people	
  vs.	
  poli<cal	
  leaders	
  vs.	
  
professional	
  athletes	
  
•  Represent	
  as	
  measurements:	
  value	
  +	
  units	
  

• Metric:	
  possibility/probability	
  of	
  values	
  given	
  distribu?on	
  8	
  



GoRela?ons:	
  
Intui?ve	
  Query	
  System	
  

for	
  Linked	
  Data	
  
	
  

Research	
  By	
  Lushan	
  Han	
  

hFp://ebiq.org/j/93	
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Querying	
  LOD	
  is	
  Too	
  Hard	
  
• Querying	
  DBpedia	
  requires	
  a	
  lot	
  of	
  a	
  user	
  
– Understand	
  the	
  RDF	
  model	
  
– Master	
  SPARQL,	
  a	
  formal	
  query	
  language	
  
– Understand	
  ontology	
  terms:	
  320	
  classes	
  &	
  1600	
  proper?es	
  !	
  
– Know	
  instance	
  URIs	
  (>1M	
  en??es	
  !)	
  
– Term	
  heterogeneity	
  (Place	
  vs.	
  PopulatedPlace)	
  

• Querying	
  large	
  LOD	
  
sets	
  overwhelming	
  

• Natural	
  language	
  
query	
  systems	
  s?ll	
  
a	
  research	
  goal	
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A	
  Pragma>c	
  Solu>on	
  

•  Goal:	
  allow	
  users	
  with	
  a	
  basic	
  RDF	
  
understanding	
  to	
  query	
  LOD	
  collec?ons	
  
–  To	
  explore	
  what	
  data	
  is	
  available	
  
–  To	
  get	
  answers	
  to	
  ques?ons	
  
–  To	
  create	
  SPARQL	
  queries	
  for	
  reuse	
  or	
  adapta?on	
  
•  Desiderata:	
  Easy,	
  Accurate,	
  Fast	
  
•  Key	
  idea:	
  Reduce	
  problem	
  complexity	
  by	
  
having	
  (1)	
  User	
  enter	
  a	
  simple	
  graph,	
  and	
  (2)	
  
Annotate	
  it	
  words	
  and	
  phrases	
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Seman>c	
  Graph	
  Interface	
  

• Nodes	
  denote	
  en??es	
  and	
  links	
  binary	
  rela?ons	
  
• En??es	
  described	
  by	
  two	
  unrestricted	
  terms:	
  
name	
  or	
  value	
  and	
  type	
  or	
  concept	
  
• Result	
  en??es	
  marked	
  with	
  ?	
  and	
  those	
  not	
  with	
  *	
  
• A	
  compromise	
  between	
  a	
  natural	
  language	
  Q&A	
  
system	
  and	
  SPARQL	
  
– Users	
  provide	
  composi?onal	
  structure	
  of	
  the	
  ques?on	
  
– Free	
  to	
  use	
  their	
  own	
  terms	
  in	
  annota?ng	
  the	
  structure	
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Step	
  1:	
  Find	
  Terms	
  
For	
  each	
  concept	
  or	
  rela?on	
  in	
  the	
  graph,	
  generate	
  the	
  k	
  most	
  
seman?cally	
  similar	
  candidate	
  ontology	
  classes	
  or	
  proper?es	
  

Similarity	
  metric	
  based	
  on	
  	
  distribu?onal	
  similarity,	
  LSA,	
  and	
  WordNet.	
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Another	
  
Example	
  

Football	
  players	
  who	
  
were	
  born	
  in	
  the	
  same	
  
place	
  as	
  their	
  team’s	
  
president	
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• Assemble	
  the	
  best	
  interpreta?on	
  using	
  sta<s<cs	
  
of	
  the	
  RDF	
  data	
  
• Primary	
  measure	
  is	
  pointwise	
  mutual	
  informa-­‐
<on	
  (PMI)	
  between	
  RDF	
  terms	
  in	
  LOD	
  collec?on	
  
This	
  measures	
  the	
  degree	
  to	
  which	
  two	
  RDF	
  terms	
  or	
  
types	
  occur	
  together	
  in	
  the	
  knowledge	
  base	
  

• In	
  good	
  interpreta?ons,	
  ontology	
  terms	
  associate	
  
in	
  the	
  way	
  that	
  their	
  corresponding	
  user	
  terms	
  
connect	
  in	
  the	
  seman?c	
  graph	
  

Step	
  2:	
  Disambiguate	
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Example	
  of	
  Transla>on	
  result	
  
Concepts:	
  Place	
  =>	
  Place,	
  Author	
  =>	
  Writer,	
  Book	
  =>	
  Book	
  
Proper?es:	
  born	
  in	
  =>	
  birthPlace,	
  wrote	
  =>	
  author	
  (inverse	
  direc?on)	
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The	
  transla?on	
  of	
  a	
  seman?c	
  graph	
  query	
  to	
  SPARQL	
  is	
  
straighxorward	
  given	
  the	
  mappings	
  

Step3:	
  SPARQL	
  Genera>on	
  

Concepts	
  
• Place	
  =>	
  Place	
  
• Author	
  =>	
  Writer	
  
• Book	
  =>	
  Book	
  
	
  
Rela?ons	
  
• born	
  in	
  =>	
  birthPlace	
  
• wrote	
  =>	
  author	
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Preliminary	
  Evalua>on	
  
•  33	
  test	
  ques?ons	
  from	
  2011	
  Workshop	
  on	
  Ques<on	
  
Answering	
  over	
  Linked	
  Data	
  answerable	
  using	
  DBpedia	
  
•  Three	
  human	
  subjects	
  unfamiliar	
  with	
  DBpedia	
  translated	
  
the	
  test	
  ques?ons	
  into	
  seman?c	
  graph	
  queries	
  
•  Compared	
  with	
  two	
  top	
  natural	
  language	
  QA	
  systems:	
  
PowerAqua	
  and	
  True	
  Knowledge	
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hFp://ebiq.org/GOR	
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Final	
  Conclusions	
  
•  Linked	
  Data	
  is	
  an	
  emerging	
  paradigm	
  for	
  
sharing	
  structured	
  and	
  semi-­‐structured	
  data	
  
–  Backed	
  by	
  machine-­‐understandable	
  seman?cs	
  
–  Based	
  on	
  successful	
  Web	
  languages	
  and	
  protocols	
  

•  Genera?ng	
  and	
  exploring	
  Linked	
  Data	
  
resources	
  can	
  be	
  challenging	
  
–  Schemas	
  are	
  large,	
  too	
  many	
  URIs	
  

•  New	
  tools	
  for	
  mapping	
  tables	
  to	
  Linked	
  Data	
  
and	
  transla?ng	
  structured	
  natural	
  language	
  
queries	
  help	
  reduce	
  the	
  barriers	
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