
Making	
  knowledge	
  reusable	
  at	
  Yahoo!	
  
A	
  look	
  at	
  the	
  Yahoo!	
  Knowledge	
  Graph	
  	
  

	
  

Nicolas	
  Torzec	
  
	
  

Seman;c	
  Technology	
  &	
  Business	
  Conference	
  
San	
  Francisco	
  

June	
  2013	
  



Outline	
  

1.   Driving	
  Ideas	
  

2.   Overview	
  of	
  the	
  Yahoo!	
  Knowledge	
  Graph	
  

	
  Knowledge	
  Acquisi:on	
  

	
  Knowledge	
  Base	
  

	
  Knowledge	
  Consump:on	
  

3.   Some	
  Applica;ons	
  at	
  Yahoo!	
  

	
  



DRIVING	
  IDEAS	
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Knowledge	
  Projects	
  at	
  Yahoo!	
  
Search,	
  Media,	
  Content,	
  Personaliza;on,	
  etc.	
  
⇒  Various	
  contexts.	
  A	
  few	
  overlapping	
  knowledge	
  use	
  cases.	
  
	
  
Content	
  understanding	
  and	
  query	
  interpreta;on	
  
§  Recognize	
  en::es/topics	
  using	
  dic:onaries	
  and	
  disambigua:on	
  features.	
  
	
  
Answers,	
  not	
  links	
  
§  Provide	
  (seman:c)	
  informa:on	
  about	
  en::es	
  
	
  
Related	
  informa;on	
  in	
  context	
  
§  Relate	
  en::es	
  to	
  each	
  others,	
  and	
  en::es	
  to	
  other	
  types	
  of	
  objects	
  

	
  
…	
  Some	
  illustra.ons	
  



Content	
  understanding	
  

Query	
  interpreta;on	
  

Personaliza;on	
  



En;ty-­‐centric	
  modules…	
  	
  Towards	
  answers,	
  not	
  links!	
  	
  
	
  



Related	
  knowledge	
  in	
  context	
  



Related	
  knowledge	
  in	
  context	
  

	
  …	
  and	
  more.	
  



Knowledge	
  Graph	
  at	
  Yahoo!	
  
Common	
  Requirement	
  
§  need	
  for	
  a	
  central,	
  unified,	
  knowledge	
  repository,	
  
§  with	
  key	
  informa:on	
  about	
  all	
  the	
  en::es	
  we	
  care	
  about,	
  
§  that	
  can	
  be	
  used	
  across	
  Yahoo!,	
  for	
  various	
  knowledge	
  projects.	
  
	
  
Value	
  Proposi;on	
  
§  Breadth,	
   depth,	
   and	
   accuracy	
   of	
   data	
   by	
   combining	
   knowledge	
   from	
  

mul:ple	
  complementary	
  sources	
  and	
  domains	
  
§  Agility	
   launching	
   new	
   experiences	
   by	
   integra:ng	
   key	
   knowledge	
   from	
  

various	
  domains	
  in	
  a	
  central	
  repository,	
  accessible	
  across	
  Yahoo	
  



THE	
  YAHOO!	
  KNOWLEDGE	
  GRAPH	
  
Overview	
  of	
  our	
  Knowledge	
  PlaSorm	
  



The	
  Yahoo!	
  Knowledge	
  Graph	
  
A	
   lightweight,	
   central,	
   unified,	
   Knowledge	
   Graph	
   of	
   all	
   the	
   en;;es	
   and	
  
topics	
  we	
  care	
  about	
  at	
  Yahoo!.	
  
	
  
Provide	
  key	
  informa;on	
  about	
  en;;es,	
  and	
  how	
  they	
  relate	
  to	
  each	
  others.	
  
§  Shallow	
  and	
  weakly-­‐typed	
  for	
  a	
  wide	
  variety	
  of	
  domains	
  
§  Richer	
  and	
  strongly-­‐typed	
  for	
  a	
  few	
  selected	
  domains.	
  

Provide	
  disambigua;on	
  and	
  interlinking	
  across	
  objects	
  and	
  data	
  sources	
  
	
  
	
  
Make	
  this	
  knowledge	
  available	
  within	
  Yahoo!,	
  in	
  a	
  convenient	
  way	
  

…	
  to	
  power	
  knowledge	
  projects	
  in	
  Search,	
  Media,	
  Personaliza;on	
  
	
  



Example	
  (1/2)	
  

Chicago	
  Cubs	
  

Chicago	
  

Barack	
  Obama	
  

Carlos	
  Zambrano	
  

10%	
  off	
  ;ckets	
  
for	
  

plays	
  for	
  

plays	
  in	
  

lives	
  in	
  

Brad	
  Pia	
  

Angelina	
  Jolie	
  

Steven	
  Soderbergh	
  

George	
  Clooney	
  

Ocean’s	
  Twelve	
  

partner	
  

directs	
  

casts	
  in	
  

E/R	
  

casts	
  in	
  

takes	
  place	
  in	
  

Fight	
  Club	
  

casts	
  in	
  

Dust	
  Brothers	
  
casts	
  in	
  

music	
  by	
  



Example	
  (2/2)	
  

Chicago	
  Cubs	
  

Chicago	
  

Barack	
  Obama	
  

Carlos	
  Zambrano	
  

10%	
  off	
  ;ckets	
  
for	
  

plays	
  for	
  

plays	
  in	
  

lives	
  in	
  

Brad	
  Pia	
  

Angelina	
  Jolie	
  

Steven	
  Soderbergh	
  

George	
  Clooney	
  

Ocean’s	
  Twelve	
  

partner	
  

directs	
  

casts	
  in	
  

E/R	
  

casts	
  in	
  

takes	
  place	
  in	
  

Fight	
  Club	
  

casts	
  in	
  

Dust	
  Brothers	
  
casts	
  in	
  

music	
  by	
  

Entity type   Person (actor, producer)!
Birth name    William Bradley Pitt!
Birth date    1963-12-18!
!
Alternate IDs YahooMovie::e8400-e29b-41d4-a716-4466!
              Wikipedia_EN::Brad_Pitt!
              IMDB::nm0000093!

Character Tyler Durden!

Start 2001!
End   2012!
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  Acquisi;on	
   Knowledge	
  Base	
   Knowledge	
  Consump;on	
  



PlaSorm	
  Overview	
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  Extrac:on	
  

Data	
  Mining	
  

Data	
  Sources	
  

Knowledge	
  Acquisi;on	
  

Yahoo!	
  Users	
  

Datapack	
  Genera:on	
  

Data	
  APIs	
  

Knowledge	
  Consump;on	
  

Inges:on	
  

Knowledge	
  Repository	
  
&	
  Ontology	
  

Reconcilia:on	
  

Knowledge	
  Base	
  

Data	
  Explora:on	
   Editorial	
  Cura:on	
  



Knowledge	
  Acquisi;on	
  Plaform	
  
•  Data	
  pipelines	
  run	
  automa:cally	
  on	
  Hadoop…	
  

Challenges	
  
•  Scale,	
  vola;lity,	
  heterogeneity,	
  schema	
  complexity,	
  …	
  
•  =>	
  Setup	
  and	
  Maintenance.	
  

Knowledge	
  Acquisi;on	
  
1.   Data	
  acquisi;on:	
  offline	
  dumps;	
  online	
  fetching;	
  crawling	
  
2.   Informa;on	
  extrac;on:	
  wrappers;	
  more	
  complex	
  IE	
  systems	
  
3.   Data	
  mining:	
  aliases;	
  features	
  for	
  ranking/disambigua:on	
  

Data	
  Sources	
  
•  Complementary	
  and	
  possibly	
  overlapping	
  sources…	
  
•  Reference	
   data	
   sources	
   such	
   as	
   Wikipedia	
   form	
   a	
   data	
  

backbone	
  that	
  provides	
  (shallow)	
  informa:on	
  for	
  any	
  domain	
  
•  Specialized	
   data	
   sources	
   provide	
   richer	
   informa:on	
   for	
   the	
  

domains	
  we	
  care	
  the	
  most:	
  Finance,	
  Sport,	
  Entertainment,	
  ...	
  

Co l l e c t ,	
   e x t rac t	
   and	
   m ine	
  
informa;on	
   about	
   en;;es	
   from	
  
mul;ple	
  complementary	
  sources.	
  

Data	
  Acquisi:on	
  

Informa:on	
  Extrac:on	
  

Data	
  Mining	
  

Knowledge	
  Acquisi:on	
  



Zoom:	
  Extrac:on	
  from	
  Wikipedia	
  

Raw	
  Data	
  Acquisi:on	
  

Structured	
  Data	
  
Extrac:on	
  

Data	
  Mining	
  
and	
  Enrichment	
  

Full	
  database	
  dumps	
  
Incremental	
  updates	
  

Con:nuous	
  
monitoring	
  

WikiText	
  +	
  metadata	
  

Aliases,	
  features,	
  
categories,	
  cross-­‐links	
  

Wikipedia	
  

Knowledge	
  Base	
  

Structured	
  data:	
  
en::es,	
  rela:ons,	
  aeributes	
  

Data	
  Acquisi;on	
  
•  Monitor	
  Wikipedia	
  for	
  new	
  content	
  con;nuously	
  
•  Fetch	
  new	
  full	
  database	
  dumps	
  when	
  available	
  
•  Fetch	
  incremental	
  updates	
  on	
  an	
  ongoing	
  basis	
  

Informa;on	
  Extrac;on	
  
•  Extract	
  En;;es,	
  Rela;ons,	
  and	
  Aaributes	
  from	
  Wikipedia	
  
•  DBpedia	
  framework	
  extracts	
  structured	
  data	
  from	
  ar:cles:	
  
•  =>	
  URI,	
  label,	
  abstracts,	
  infobox,	
  links,	
  images,	
  categories…	
  
•  Other	
  IE	
  frameworks	
  do	
  more	
  advanced	
  extrac:on/cleanup:	
  

=>	
  template/table/list	
  extrac:on,	
  type	
  inference,	
  mapping…	
  

Data	
  Mining	
  &	
  Enrichment	
  
•  Derive	
  informa;on	
  and	
  features	
  from	
  Wikipedia	
  content:	
  

=>	
  aliases,	
  ranking	
  features,	
  disambigua:on	
  features…	
  
•  Enrich	
  Wikipedia	
  en;;es	
  with	
  complementary	
  informa:on:	
  

=>	
  categoriza:on,	
  cross-­‐linking…	
  
	
  



Knowledge	
   is	
   integrated	
   and	
  
managed	
   centrally,	
   in	
   a	
   unified	
  
knowledge	
   base	
   with	
   a	
   common	
  
ontology.	
  

Knowledge	
  Base	
  

Inges:on	
  

Knowledge	
  Repository	
  
&	
  Ontology	
  

Reconcilia:on	
  

Data	
  Explora:on	
   Editorial	
  Cura:on	
  

Knowledge	
  is	
  modeled	
  as	
  a	
  property	
  graph	
  
•  Shallow	
  and	
  weakly-­‐typed	
  for	
  a	
  wide	
  variety	
  of	
  domains	
  
•  Richer	
  and	
  strongly-­‐typed	
  for	
  selected	
  domains.	
  

Knowledge	
  Representa;on	
  
•  Common	
  ontology	
  and	
  schemas,	
  aligned	
  with	
  schema.org.	
  
•  250	
  classes	
  /	
  800	
  proper;es	
  for	
  modeling	
  en::es/rela:ons	
  
•  Use	
  case	
  is	
  representa;on	
  and	
  valida;on.	
  No	
  reasoning.	
  
•  Covers	
  News,	
  Finance,	
  Sports,	
  Entertainment,	
  Lis:ngs,	
  …	
  
	
  

Challenges:	
  
•  Modeling	
  temporality,	
  provenance,	
  localiza;on,	
  …	
  
•  Trade-­‐off:	
  expressiveness,	
  comprehensiveness,	
  ease-­‐of-­‐use!	
  

Knowledge	
  Base	
  
•  Graph	
  database	
  for	
  random	
  access	
  and	
  online	
  processing.	
  
•  Hadoop	
  file	
  system	
  for	
  offline	
  batch	
  processing.	
  



Knowledge	
  Base	
  

Knowledge	
   is	
   integrated	
   and	
  
managed	
   centrally,	
   in	
   a	
   unified	
  
knowledge	
   base	
   with	
   a	
   common	
  
ontology.	
  

Inges:on	
  

Knowledge	
  Repository	
  
&	
  Ontology	
  

Reconcilia:on	
  

Data	
  Explora:on	
   Editorial	
  Cura:on	
  

Knowledge	
  Inges;on	
  
•  En::es/Rela:ons	
  are	
  aligned	
  with	
  the	
  common	
  ontology	
  
•  Info	
  are	
  mapped/normalized	
  to	
  the	
  standard	
  schemas	
  

Challenges:	
  seman:c	
  discrepancies,	
  schema	
  complexity,	
  …	
  

Knowledge	
  Reconcilia;on	
  =	
  Co-­‐reference	
  Resolu;on	
  
•  Match/Blend	
  objects	
  w/	
  same	
  referent,	
  across	
  data	
  sources	
  
•  We	
  combine	
  editorial,	
  heuris:cs,	
  and	
  machine	
  learning	
  

Approach	
  
•  Favor	
  domain-­‐dependent	
  over	
  domain-­‐agnos:c	
  resolu:on	
  
•  Use	
  blocking	
  +	
  pair-­‐wise	
  matching	
  +	
  merging	
  
•  Use	
  sol	
  linking	
  and	
  physical	
  blending	
  
•  Offline	
  reconcilia;on,	
  but	
  moving	
  to	
  online	
  reconcilia:on	
  

Challenges:	
  
1.  Scaling	
  reconcilia:on	
  to	
  data	
  size,	
  update	
  frequency	
  
2.  Scaling	
  reconcilia:on	
  to	
  new	
  domains	
  and	
  en;ty	
  types.	
  	
  
3.  Making	
  en;ty	
  IDs	
  persistent	
  over	
  full/incremental	
  updates	
  



Knowledge	
  Base	
  

Knowledge	
   is	
   integrated	
   and	
  
managed	
   centrally,	
   in	
   a	
   unified	
  
knowledge	
   base	
   with	
   a	
   common	
  
ontology.	
  

Inges:on	
  

Knowledge	
  Repository	
  
&	
  Ontology	
  

Reconcilia:on	
  

Data	
  Explora:on	
   Editorial	
  Cura:on	
  

Editorial	
  Cura;on	
  
•  Create,	
  delete,	
  merge,	
  and	
  split	
  en;;es	
  and	
  rela;ons	
  
•  Review,	
  update,	
  delete,	
  and	
  enrich	
  associated	
  informa;on	
  
•  Interac;ve	
  cura;on	
  +	
  batch	
  import/export	
  of	
  small	
  lists	
  

Internal	
  Data	
  APIs	
  
•  Low-­‐Level:	
  en:ty/rela:on	
  CRUD	
  +	
  Graph	
  Search	
  
•  High-­‐Level:	
  Ingest,	
  Reconcile,	
  Curate,	
  Explore,	
  Export	
  
	
  

Coverage	
  
•  Focus	
  on	
  most	
  important	
  en;;es/rela;ons	
  (i.e.	
  head)	
  
•  Domains:	
  News,	
  Finance,	
  Sport,	
  Movie,	
  TV,	
  Music,	
  and	
  Geo	
  
•  Overall:	
  ~10M	
  en::es,	
  ~10M	
  rela:ons,	
  ~30M	
  proper:es.	
  



Knowledge	
  Consump:on	
  

Datapack	
  Genera:on	
  

Data	
  APIs	
  

Make	
   knowledge	
   available	
   via	
  
custom	
  data	
  packs	
  and	
  data	
  APIs	
  

Public	
  data	
  APIs	
  
1.  Export	
  and	
  index	
  en;;es/rela;ons	
  in	
  a	
  Search	
  plaform	
  
2.  Expose	
  en;;es/rela;ons	
  via	
  Lookup	
  APIs	
  
3.  Expose	
  en;;es/rela;ons	
  via	
  Structured	
  Search	
  APIs	
  
	
  

Custom	
  datapack	
  genera;on	
  
1.  Run	
  offline	
  queries	
  to	
  retrieve	
  sub-­‐graphs	
  from	
  KG	
  
2.  Enrich	
  with	
  complementary	
  data	
  and/or	
  indirect	
  rela;ons	
  
3.  Apply	
  custom	
  filtering,	
  transforma;on,	
  and	
  formanng	
  
4.  Publish	
  resul:ng	
  datasets	
  for	
  offline	
  batch	
  data	
  processing	
  



Data	
  Quality	
  Monitoring	
  
Some	
  metrics	
  we	
  are	
  interested	
  in	
  …	
  

Coverage	
  
	
  

Number	
  of	
  domains	
  and	
  en:ty	
  types	
  covered	
  
Number	
  of	
  en::es	
  within	
  each	
  domain/type	
  

Richness	
   Number	
  of	
  aeributes	
  and	
  rela:ons	
  for	
  each	
  en:ty	
  type	
  
Number	
  of	
  aeributes	
  and	
  rela:ons	
  populated	
  for	
  each	
  en:ty	
  type	
  

Comprehensiveness	
  
	
  

%	
  of	
  important	
  en::es/rela:ons/facts	
  found	
  in	
  the	
  knowledge	
  base	
  
%	
  of	
  en::es/rela:ons/facts	
  men:oned	
  in	
  Search	
  queries	
  and	
  New	
  ar:cles	
  

Correctness	
   Type	
  correctness:	
  correctness	
  of	
  en:ty	
  types.	
  
Fact	
  correctness:	
  correctness	
  of	
  rela:ons	
  and	
  aeribute	
  values	
  

Interlinking	
   Precision	
  and	
  recall	
  of	
  reconcilia:on	
  
Level	
  of	
  interlinking	
  across	
  internal	
  sources,	
  external	
  sources	
  

Freshness	
   Freshness	
  of	
  en::es/rela:ons/aeributes	
  compared	
  to	
  ac:vity	
  about	
  them	
  
(popularity,	
  trending/decay,	
  :me	
  sensi:vity,	
  etc.)	
  	
  

	
  
…	
  evaluated	
  via	
  uniform	
  random	
  sampling,	
  weighted	
  sampling,	
  etc.	
  	
  



SOME	
  APPLICATIONS	
  
(Leveraging	
  the	
  Knowledge	
  Graph)	
  



Recommending	
  En::es	
  on	
  Y!	
  for	
  Web	
  
Search	
  

Knowledge
base

Feature
extraction

Model
learning

Feature
sources

Editorial
judgements

Datapack

Ranking
model

Entity
ranking

Features

Knowledge
base creation

Entity
sources

Post-
processing

Entity
rankings

1 2 3

45

Serving

6

Fig. 1. High-level architecture of the Spark entity recommender system.

for extracting information from structured data feeds but use more advanced
information extraction systems for other types of data sources. Wikipedia and
Freebase are especially challenging because of their size, heterogeneity, complex-
ity, and ever-changing nature. We monitor Wikipedia and Freebase continuously,
and fetch new content (i.e. Web extraction or RDF data dumps) on an ongoing
basis. We extract structured data from Wikipedia (infoboxes, links, tables, lists,
categories, etc.) using the DBpedia Extraction Framework and complementary
information extraction solutions developed at Yahoo!. Most of our knowledge
acquisition systems are distributed systems running on Hadoop.

Knowledge Base construction. All the entities, relations and information
that we extract are integrated and managed centrally in a unified knowledge base.
Within this knowledge base, knowledge is modeled as a property graph with a
common ontology and shared schemas. Our ontology was developed over 2 years
by the Yahoo! editorial team and is aligned with schema.org. It consists of 250
classes of entities and 800 properties for modeling the information associated to
them. When ingested into the knowledge base, entities, relations and information
associated to them are aligned with our common ontology. The knowledge base
persists knowledge in a native graph database. Entities typically have an ID,
a canonical name, aliases, alternate keys, types, and data properties. Relations
typically have an ID, a subject, an object, a type, and data properties. We use
editorial curation and knowledge reconciliation techniques (aka record linkage,
coreference resolution, link discovery) to match, de-duplicate and link together



More	
  Applica:ons	
  
	
  

Content	
  Understanding	
  and	
  Personaliza;on	
  
	
  

Yahoo!	
  Ver;cals	
  
	
  

Search	
  
	
  

…	
  
	
  

	
  



QUESTION?	
  
The	
  end	
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