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Research	
  Interests	
  
•  En.ty-­‐centric	
  Informa.on	
  Access	
  (2005-­‐now)	
  

–  Structured/Unstruct	
  data	
  (SIGIR	
  12),	
  TRank	
  (ISWC	
  13)	
  
– NER	
  in	
  Scien;fic	
  Literature	
  (WWW	
  14),	
  Preposi;ons	
  
(CIKM	
  14)	
  

•  Hybrid	
  Human-­‐Machine	
  Systems	
  (2012-­‐now)	
  
–  ZenCrowd	
  (WWW	
  12,	
  VLDBJ),	
  CrowdQ	
  (CIDR	
  13)	
  
– Memory-­‐based	
  Informa;on	
  Systems	
  (WWW	
  14,	
  PVLDB)	
  

•  BeEer	
  Crowdsourcing	
  PlaGorms	
  (2013-­‐now)	
  
–  Pick-­‐a-­‐Crowd	
  (WWW	
  13),	
  Malicious	
  Workers	
  (CHI	
  15)	
  
–  Scale-­‐up	
  Crowdsourcing	
  (HCOMP	
  14),	
  Dynamics	
  (WWW	
  
15)	
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Course	
  Outline	
  

•  Part	
  I	
  –	
  Introduc.on	
  to	
  Knowledge	
  Graphs	
  
•  Part	
  II	
  –	
  Named	
  En.ty	
  Recogni.on	
  and	
  Linking	
  
to	
  Knowledge	
  Graphs	
  

•  Part	
  III	
  –	
  Searching	
  for	
  En..es	
  
•  Part	
  IV	
  –	
  Crowdsourcing	
  for	
  Knowledge	
  Graph	
  
Data	
  Quality	
  

•  Slides	
  here:	
  gianlucademar.ni.net/kg	
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En;ty-­‐Centric	
  Informa;on	
  Access	
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•  En;ty-­‐seeking	
  queries	
  make	
  
up	
  40-­‐50%	
  of	
  the	
  query	
  
volume	
  

–  Jeffrey	
  Pound,	
  Peter	
  Mika,	
  Hugo	
  Zaragoza:	
  
Ad-­‐hoc	
  object	
  retrieval	
  in	
  the	
  web	
  of	
  data.	
  
WWW	
  2010:	
  771-­‐780	
  

–  Thomas	
  Lin,	
  Patrick	
  Pantel,	
  Michael	
  Gamon,	
  
Anitha	
  Kannan,	
  Ariel	
  Fuxman:	
  Ac;ve	
  objects:	
  
ac;ons	
  for	
  en;ty-­‐centric	
  search.	
  WWW	
  
2012:	
  589-­‐598	
  

•  Show	
  a	
  summary	
  of	
  the	
  
most	
  likely	
  informa;on-­‐
needs	
  
–  Including	
  related	
  en;;es	
  for	
  

naviga;on	
  
–  Roi	
  Blanco,	
  Berkant	
  Barla	
  

Cambazoglu,	
  Peter	
  Mika,	
  Nicolas	
  
Torzec:	
  En<ty	
  Recommenda<ons	
  in	
  
Web	
  Search.	
  ISWC	
  2013	
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Personaliza;on	
  in	
  on-­‐line	
  news	
  

•  En;ty	
  linking	
  
•  En;ty	
  ranking	
  based	
  on	
  the	
  relevance	
  to	
  the	
  
document	
  

•  En;ty	
  type	
  ranking	
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Natural	
  language	
  interfaces	
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Mobile	
  search	
  

•  Informa;on	
  access	
  on-­‐the-­‐go	
  requires	
  hands-­‐
free	
  opera;on	
  
– Driving,	
  walking,	
  gym,	
  etc.	
  

•  Americans	
  spend	
  540	
  hours	
  a	
  year	
  in	
  their	
  cars	
  [1]	
  vs.	
  
348	
  hours	
  browsing	
  the	
  Web	
  [2]	
  

•  ~50%	
  of	
  queries	
  are	
  coming	
  from	
  mobile	
  
devices	
  (and	
  growing)	
  
– Changing	
  habits,	
  e.g.	
  iPad	
  usage	
  peaks	
  before	
  
bed;me	
  

– Limita;ons	
  in	
  input/output	
  
[1] http://answers.google.com/answers/threadview?id=392456 
[2] http://articles.latimes.com/2012/jun/22/business/la-fi-tn-top-us-brands-news-web-sites-20120622 
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Mobile	
  search	
  challenges	
  and	
  
opportuni;es	
  

•  Interac;on	
  
– Ques;on-­‐answering	
  
–  Support	
  for	
  interac;ve	
  retrieval	
  
–  Spoken-­‐language	
  access	
  
–  Task	
  comple;on	
  

•  Contextualiza;on	
  
–  Personaliza;on	
  
– Geo	
  
–  Context	
  (work/home/travel)	
  

•  Try	
  getaviate.com	
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Task	
  comple;on	
  

•  Help	
  users	
  in	
  task	
  comple;on	
  
–  But	
  users	
  have	
  been	
  trained	
  to	
  talk	
  in	
  nouns	
  

•  Retrieval	
  performance	
  decreases	
  by	
  adding	
  verbs	
  to	
  queries	
  

– We	
  need	
  to	
  understand	
  what	
  the	
  available	
  ac;ons	
  are	
  

•  Modeling	
  ac;ons	
  
– Understand	
  what	
  ac.ons	
  can	
  be	
  taken	
  on	
  a	
  page	
  
– Help	
  users	
  in	
  mapping	
  their	
  query	
  to	
  poten;al	
  ac;ons	
  
– Applica;ons	
  in	
  web	
  search,	
  email	
  etc.	
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Applica;ons	
  

Email (Gmail) SERP (Yandex) 
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Latest	
  academic	
  event	
  

•  The	
  SIGIR2014	
  En;ty	
  Recogni;on	
  and	
  
Disambigua;on	
  Challenge	
  on	
  linking	
  web	
  
search	
  queries	
  to	
  a	
  KG	
  

•  hqp://web-­‐ngram.research.microsor.com/
ERD2014/	
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Web	
  of	
  Data	
  
•  Freebase	
  

–  Acquired	
  by	
  Google	
  in	
  July	
  2010.	
  
–  Knowledge	
  Graph	
  launched	
  in	
  May	
  2012.	
  
–  Read-­‐only	
  in	
  December	
  2014	
  -­‐>	
  WikiData	
  

•  Schema.org	
  
–  Driven	
  by	
  major	
  search	
  engine	
  companies	
  
–  Machine-­‐readable	
  annota;ons	
  of	
  Web	
  pages	
  

•  Linked	
  Open	
  Data	
  
–  31	
  billion	
  triples,	
  Sept	
  2011	
  
–  90	
  billion	
  triples,	
  Aug	
  2015	
  (stats.lod2.eu)	
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Schema.org	
  

•  Agreement	
  between	
  Bing,	
  Google,	
  Yahoo,	
  and	
  
Yandex	
  on	
  what	
  markup	
  webmasters	
  should	
  use	
  
– Help	
  adop;on	
  by	
  reducing	
  fragmenta;on	
  
–  Pre-­‐compe;;ve:	
  each	
  party	
  will	
  con;nue	
  to	
  build	
  
compe;ng	
  products	
  independently	
  

•  Schema.org	
  covers	
  areas	
  of	
  interest	
  to	
  all	
  three	
  
par;es	
  
–  Business	
  lis;ngs	
  (local),	
  crea;ve	
  works	
  (video),	
  
recipes,	
  reviews	
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Example:	
  schema.org	
  

17	
  



Linked	
  Open	
  Data	
  

Z.	
  Kaoudi	
  and	
  I.	
  Manolescu,	
  ICDE	
  seminar	
  2013	
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Popular	
  Knowledge	
  Graphs	
  
•  Public	
  KGs	
  

–  Freebase:	
  50M	
  en;;es	
  
–  Wikidata:	
  14M	
  en;;es	
  
–  Extracted	
  from	
  Wikipedia	
  

•  DBPedia:	
  4.5M	
  en;;es	
  
•  YAGO:	
  10M	
  en;;es	
  (mul;lingual)	
  

•  Corporate	
  KGs	
  
–  Google	
  KG	
  -­‐>	
  Knowledge	
  Vault	
  
–  Facebook	
  En;ty	
  Graph	
  
–  Microsor	
  Satori	
  (mid-­‐2013)	
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Wikipedia	
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Dbpedia	
  

Using 
the Dbpedia 
ontology 

Raw data 
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Problem	
  defini;on	
  

•  Informa;on	
  extrac;on	
  +	
  knowledge	
  
acquisi;on	
  

(textual) data 
extracted 
infomation 

knowledge 
graph 

Information 
extraction 

Knowledge 
acquisition 
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Informa;on	
  extrac;on	
  

•  From	
  the	
  advent	
  of	
  the	
  WWW,	
  there	
  are	
  huge	
  
quan..es	
  of	
  unstructured	
  textual	
  data,	
  
where	
  manual	
  informa;on	
  extrac;on	
  would	
  
be	
  infeasible	
  

•  How	
  to	
  extract	
  informa;on	
  from	
  text	
  
automa;cally	
  with	
  human-­‐comparable	
  quality	
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Informa;on	
  extrac;on:	
  early	
  solu;ons	
  

•  Match	
  manually	
  defined	
  paEerns	
  against	
  text	
  
•  Example:	
  

– Paqerns	
  like	
  “Pay	
  ?	
  from	
  ?	
  in	
  favor	
  of	
  ?”	
  
– ATRANS	
  (1986)	
  inter-­‐banking	
  message	
  exchange	
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Knowledge	
  acquisi;on	
  

•  Construc;ng	
  a	
  knowledge	
  base	
  is	
  expensive	
  
– The	
  Cyc	
  KB	
  was	
  mostly	
  manually	
  constructed	
  over	
  
the	
  last	
  20	
  years	
  (250K	
  en;;es)	
  

	
  
•  Coupling	
  informa;on	
  extrac;on	
  and	
  
knowledge	
  acquis;on	
  lets	
  us	
  construct	
  a	
  
knowledge	
  base	
  with	
  no	
  or	
  liEle	
  human	
  effort	
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Human	
  effort	
  

•  Challenges:	
  
– Defining	
  (domain-­‐specific	
  and	
  domain-­‐
independent)	
  extrac;on	
  paqerns	
  

– Especially,	
  in	
  case	
  of	
  bootstrapping	
  approaches:	
  
•  Specifying	
  rela;ons	
  (x	
  „is	
  the	
  capital	
  city	
  of“	
  y)	
  
•  Construc;on	
  of	
  training	
  examples	
  (Berlin,	
  Germany)	
  

– Maintaining	
  knowledge	
  base	
  consistency	
  
•  “born	
  in	
  1946”,	
  “born	
  in	
  1950”	
  

•  Crowdsourcing?	
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Construc;ng	
  Knowledge	
  Graphs	
  

•  Manually-­‐supported	
  construc;on	
  
–  Freebase	
  
– WikiData	
  

•  Automa;c	
  methods	
  for	
  construc;ng	
  knowledge	
  
bases	
  	
  
–  Extracted	
  from	
  semi-­‐structured	
  data:	
  DBPedia,	
  YAGO	
  
–  Text-­‐based	
  extrac;on	
  
–  Text+DB:	
  Dong	
  et	
  al.,	
  “Knowledge	
  Vault:	
  A	
  Web-­‐Scale	
  
Approach	
  to	
  Probabilis;c	
  Knowledge	
  Fusion”,	
  KDD	
  
2014	
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Some	
  challenges	
  when	
  crea;ng	
  KGs	
  

•  Which	
  en;;es	
  to	
  include?	
  
– Notable	
  en;;es	
  vs	
  tail	
  en;;es	
  

•  Statement	
  validity	
  
– Update	
  vs	
  ;mestamp	
  
– For	
  example,	
  married_with	
  annotated	
  with	
  
“from”	
  “to”	
  year	
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General	
  knowledge	
  extrac;on	
  tools	
  

•  WebKB	
  
•  TextRunner	
  hqp://openie.cs.washington.edu/	
  
•  Cyc	
  
•  SOFIE	
  with	
  the	
  corresponding	
  YAGO	
  
knowledge	
  base	
  

•  Read	
  The	
  Web	
  
•  En;tyCube	
  
hqp://en;tycube.research.microsor.com/	
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Data	
  Formats	
  



Resource	
  Descrip;on	
  Framework	
  

•  RDF,	
  building	
  block	
  of	
  the	
  Seman;c	
  Web	
  
•  Used	
  to	
  encode	
  data	
  as	
  triples,	
  forming	
  
distributed	
  graphs	
  

•  Standardized	
  by	
  the	
  W3C	
  
– hqp://www.w3.org/RDF/	
  
– About	
  a	
  dozen	
  recommenda;ons	
  (i.e.,	
  standards)	
  
hqp://www.w3.org/standards/techs/rdf#w3c_all	
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RDF	
  Triples	
  

•  Used	
  to	
  encode	
  data	
  in	
  a	
  semi-­‐structured	
  way	
  
•  Like	
  small	
  sentences:	
  subject	
  +	
  aqribute-­‐value	
  
	
  
1:subject, 2:predicate, 3:object 
ex.: gianluca made zencrowd_paper 
1: http://data.semanticweb.org/person/gianluca-demartini 
2: http://xmlns.com/foaf/0.1/made 
3: http://data.semanticweb.org/conference/www/2012/paper/982 
	
  
Subject:	
  URI	
  
Predicate:	
  URI	
  
Object:	
  URI	
  /	
  value	
  (“literal”)	
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RDF	
  Model	
  	
  

Resource 
Property 

Value Resource 

Statement	
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XML	
  Serializa;on	
  Example	
  

URI:R 
“RDF Presentation” Title 

Creator dc: 

dc: 

“Paul Miller” 

<RDF xmlns = “http://www.w3.org/TR/WD-rdf-syntax#” 
           xmlns:dc = “http://purl.org/dc/elements/1.0/”> 
   <Description about = “URI:R”> 
     <dc:Title> RDF Presentation </dc:Title> 
     <dc:Creator> Paul Miller </dc:Creator> 
   </Description> 
</RDF> 

35	
  See	
  also	
  JSON-­‐LD	
  



“Paul Miller” URI:PAUL 

“p.miller@ 
ukoln.ac.uk” “Paul Miller” 

bib:Email bib:Aff bib:Name 

XML	
  Serializa;on	
  Example	
  #2	
  

URI:R 

URI:UKOLN 

“RDF Presentation” Title 

Creator dc: 

dc: 

36	
  



<RDF xmlns = “http://www.w3.org/TR/WD-rdf-syntax#” 
           xmlns:dc = “http://purl.org/dc/elements/1.0/” 
           xmlns:bib = “http://www.bib.org/persons#”> 
   <Description about = “URI:R”> 
     <dc:Title> RDF Presentation </dc:Title> 
     <dc:Creator>  
       <Description> 
         <bib:Name> Paul Miller </bib:Name> 
         <bib:Email> p.miller@ukoln.ac.uk </bib:Email> 
         <bib:Aff resource = “http://www.ukoln.ac.uk” /> 
       </Description> 
     </dc:Creator> 
   </Description> 
</RDF> 

XML	
  Serializa;on	
  Example	
  #2	
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RDF	
  Schemas	
  

•  Declara;on	
  of	
  vocabularies	
  
–  Proper;es/Classes	
  defined	
  by	
  a	
  par;cular	
  community	
  
–  characteris;cs	
  of	
  proper;es	
  and/or	
  constraints	
  on	
  
corresponding	
  values	
  
	
  

•  Expressible	
  in	
  the	
  RDF	
  model	
  and	
  syntax	
  
•  Provides structure!  

– easier to store, check, and process data 
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Examples	
  of	
  Vocabularies	
  

•  Friend	
  of	
  a	
  Friend	
  (Social	
  Networks)	
  
–  foaf:name	
  

•  Dublin	
  Core	
  (Publica;ons)	
  
–  dc:creator,	
  dcterms:temporal	
  

•  Good	
  Rela;ons	
  (Products)	
  
–  gr:ProduceOrServiceModel,	
  ...	
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RDF	
  Schema	
  Constructs	
  

•  Create	
  classes	
  
–  Class	
  (as	
  in	
  OO,	
  typed	
  instances	
  appearing	
  as	
  subjects/
objects)	
  

–  Property	
  (typed	
  predicates)	
  
•  Create	
  hierarchies	
  

–  SubClassOf,	
  SubPropertyOf	
  
–  Inheritance	
  mechanisms	
  

•  Create	
  constraints	
  on	
  the	
  triples	
  
–  Domain	
  (restricts	
  the	
  subject	
  of	
  a	
  property)	
  	
  
–  Range	
  (restricts	
  the	
  object	
  of	
  a	
  property)	
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RDF	
  Schema	
  Example	
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RDFa	
  

• Embedding	
  RDF	
  informa;on	
  in	
  HTML	
  pages	
  
Supported	
  by	
  Google,	
  Yahoo,	
  etc.	
  
	
  
  <body>
    <div about="http://dbpedia.org/resource/Massachusetts">The
    Massachusetts governor is
      <span rel="db:Governor">

<span about="http://dbpedia.org/resource/Deval_Patrick">Deval
Patrick
</span>,

      </span>
      the nickname is "<span property="db:Nickname">Bay State</span>",
      and the capital
      <span rel="db:Capital">

<span about="http://dbpedia.org/resource/Boston">
  has the nickname "<span property="db:Nickname">Beantown</span>".
</span>

      </span>
    </div>
  </body>
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Structured	
  Data	
  about	
  En;;es	
  

•  Linked	
  Open	
  Data	
  
– Standard	
  machine-­‐readable	
  formats	
  
– Available	
  
– Linked	
  each	
  other	
  

•  Embedded	
  RDFa	
  in	
  HTML	
  pages	
  
– Structured	
  /	
  machine-­‐readable	
  
– Assigned	
  to	
  a	
  specific	
  webpage	
  
– More	
  and	
  more	
  popular	
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OWL	
  
•  The	
  Web	
  Ontology	
  Language	
  

– Very	
  expressive	
  schemas!	
  (ontologies)	
  
– Descrip;on	
  Logics	
  

•  ...	
  and	
  several	
  flavours	
  
– Example:	
  OWL	
  2	
  EL	
  axioms:	
  

class	
  inclusion	
  (SubClassOf)	
  
class	
  equivalence	
  (EquivalentClasses)	
  
class	
  disjointness	
  (DisjointClasses)	
  
object	
  property	
  inclusion	
  (SubObjectPropertyOf)	
  with	
  or	
  without	
  property	
  chains,	
  and	
  data	
  property	
  inclusion	
  (SubDataPropertyOf)	
  
property	
  equivalence	
  (EquivalentObjectProper;es	
  and	
  EquivalentDataProper;es),	
  
transi;ve	
  object	
  proper;es	
  (Transi;veObjectProperty)	
  
reflexive	
  object	
  proper;es	
  (ReflexiveObjectProperty)	
  
domain	
  restric;ons	
  (ObjectPropertyDomain	
  and	
  DataPropertyDomain)	
  
range	
  restric;ons	
  (ObjectPropertyRange	
  and	
  DataPropertyRange)	
  
asser;ons	
  (SameIndividual,	
  DifferentIndividuals,	
  ClassAsser;on,	
  ObjectPropertyAsser;on,	
  DataPropertyAsser;on,	
  Nega;veObjectPropertyAsser;on,	
  
andNega;veDataPropertyAsser;on)	
  
func;onal	
  data	
  proper;es	
  (Func;onalDataProperty)	
  
keys	
  (HasKey)	
  
	
  

–  Inference!	
  ex.:	
  TransitiveObjectProperty(hasAncestor) 
hasAncestor(x, y) ∧ hasAncestor(y, z) → hasAncestor(x, z) 
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SPARQL	
  

•  Declara;ve	
  query	
  language	
  for	
  RDF/S	
  
•  SQL	
  for	
  the	
  Seman;c	
  Web!	
  

prefix db: <http://dbpedia.org/resource/>
 prefix dbo: <http://dbpedia.org/ontology/>

 SELECT ?cap 
 WHERE { db:Massachusetts dbo:capital ?cap }

•  Uses	
  triple	
  paNerns	
  
– ?subject 	
  ?predicate	
  	
  ?object	
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More	
  Complex	
  SPARQL	
  Query	
  

	
  
	
  

	
  
	
  

PREFIX dc: <http://purl.org/dc/elements/1.1/> 
 
SELECT ?title2 
WHERE 
{ 
    ?doc      dc:title    "SPARQL at speed" . 
    ?doc      dc:creator  ?c . 
    ?docOther dc:creator  ?c . 
    ?docOther dc:title    ?title2 
 
} 

•  On an abstracts/papers database: 
“Find other papers by the authors of a given paper.” 
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Op.onal	
  graph	
  paEerns	
  

PREFIX dc: <http://purl.org/dc/elements/1.1/>  
PREFIX ns: <http://example.org/ns#>  
SELECT ?title ?price  
WHERE { ?x dc:title ?title .  
                 OPTIONAL { ?x ns:price ?price .  
                                       FILTER ?price < 30 }} 

@prefix dc: <http://purl.org/dc/elements/1.1/> .  
@prefix : <http://example.org/book/> . 
@prefix ns: <http://example.org/ns#> .    
:book1 dc:title "SPARQL Tutorial" .  
:book1 ns:price 42 .  
:book2 dc:title "The Semantic Web" . 
:book2 ns:price 23 .  

title price 
“SPARQL Tutorial“ 
"The Semantic Web"  23 

Data	
  

Query	
  

Query	
  Result	
  
47	
  



SPARQL	
  Constructs	
  

•  Many	
  other	
  constructs	
  
– Order	
  By	
  
– Dis;nct	
  
– Limit	
  
– Construct	
  
– Ask	
  
– Value	
  tests	
  
– Transi;ve	
  closures!	
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Summary	
  

•  Seman;c	
  Web	
  built	
  on	
  a	
  series	
  of	
  W3C	
  standards	
  
–  URIs	
  (building	
  block	
  of	
  the	
  WWW!)	
  
–  RDF	
  (encode	
  data)	
  
–  RDFS	
  (schemas	
  to	
  define	
  vocabularies	
  and	
  constraint	
  data)	
  
–  SPARQL	
  (query	
  language)	
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Open	
  Research	
  Problems	
  

50	
  

by	
  E.	
  Gabrilovich	
  



What’s	
  next	
  

•  Named	
  En;ty	
  Extrac;on	
  from	
  text	
  
•  En;ty	
  Linking	
  from	
  text	
  to	
  a	
  KGs	
  
•  Selec;ng	
  relevant	
  facts	
  from	
  the	
  KGs	
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