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The	  Problem	  

?	  ?	  

JSON/XML	  

RDF	  

RDF/SPARQL	  Query	  

Web-‐service	  
Invocation	  request	   http://free.worldweatheronline.com/feed/…. format=csv	
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Modeling	  APIs	  

•  Input	  
– Examples	  of	  the	  request	  URLs	  
– Ontology	  

•  Output	  
– A	  semantic	  model	  of	  the	  API	  built	  interactively	  
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Approach	  

API 
Invocation 

Annotating 
Inputs and 

Outputs 

Extracting 
Relationships 
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Service	  Invoca+on	  
KARMA	  

Sample	  Request	  	  
URLs	  

Invoking	  
API	  

Inputs	   Outputs	   Slide	  by	  Mohsen	  Taheriyan	  



Annota+ng	  Inputs	  and	  Outputs	  
•  Using	  Conditional	  Random	  Fields	  (CRF)	  to	  assign	  a	  
semantic	  type	  to	  each	  column	  

•  Semantic	  Types	  
–  Class	  
–  Data	  property	  and	  domain	  

•  Example	  
–  OWL	  Class:	  State	  

•  http://dbpedia.org/page/California	  
–  OWL	  Data	  Property,	  Domain	  class:	  State.name	  

•  Califonia	  
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Weather	  Ontology	  
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Extrac+ng	  the	  Rela+onships	  
•  Construct	  a	  graph	  from	  

–  Assigned	  Semantic	  Types	  
–  Ontology	  Graph	  

•  Select	  minimal	  tree	  that	  connects	  all	  semantic	  types	  
–  A	  customized	  Steiner	  tree	  algorithm	  

•  Steiner	  minimal	  tree	  (SMT)	  	  
–  G=(V,E)	  	  ,	  S	  ⊂	  V,	  	  c:	  E	  →ℜ	  (S:	  Steiner	  Nodes)	  
–  Shortest	  network	  connecting	  vertices	  of	  T	  
–  Approximation	  Alg.	  [Kou	  &	  Markowsky,	  1981]	  

•  O(|V|2|S|)	  ,	  Approximation	  Ratio:	  less	  than	  2	  
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Construc+ng	  Graph	  

WeatherReport 
WindEvent TemperatureEvent 

WeatherObesrvation 
Station 

State City 

name name 

hasDate icao 

temperature 

temperature windSpeed 
humidity 

description 

•  Graph	  Initialization	  
–  Add	  one	  node	  for	  each	  semantic	  type	  
–  For	  data	  property	  types,	  also	  add	  the	  domain	  (if	  not	  added	  before)	  
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Construc+ng	  Graph	  
•  Compute	  Nodes	  Closure	  
– Object	  Property	  or	  hasSubClass	  relations	  

SpatialThing Spa<alThing	  –	  hasSubClass	  	  City	  

WeatherReport 
WindEvent TemperatureEvent 

WeatherObesrvation 
Station 

State City 

name name 

hasDate icao 

temperature 

temperature windSpeed 
humidity 

description 
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WindEvent 

TemperatureEvent 

WeatherObesrvation 

Station 

SpatialThing 
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Construc+ng	  Graph	  
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•  Adding	  the	  Links	  
–  Put	  a	  link	  with	  w=1	  from	  the	  domains	  to	  data	  property	  nodes	  
–  For	  every	  pair	  of	  class	  nodes	  like	  A	  and	  B:	  

•  Put	  a	  link	  with	  w=1	  from	  A	  to	  B	  if	  there	  is	  a	  direct	  or	  inferred	  object	  property	  in	  the	  
ontology	  

•  If	  B	  is	  a	  direct	  or	  inferred	  subclass	  of	  A,	  put	  a	  link	  with	  w=1/ε	  from	  A	  to	  B	  

hasLocation 

in 

1	  
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Visualizing	  Model	  in	  Karma	  
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Refinement	  –	  Change	  Seman+c	  Types	  
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Refinement	  –	  Adjust	  the	  links	  

Click	  on	  State	  

Slide	  by	  Mohsen	  Taheriyan	  



Final	  Model	  in	  Karma	  
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Status	  

JSON/XML	  

RDF	  

RDF/SPARQL	  Query	  

Web-‐service	  
Invocation	  request	   http://free.worldweatheronline.com/feed/…. format=csv	

Karma	  
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Generate	  Other	  Models?	  

Karma	  
Model	  

MSM	  
Model	  

LOS	  
Model	  

LIDS	  
Model	  
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Challenge	  1:	  Live	  Weather	  in	  DBPedia	  (For	  Every	  City)	  

Slide	  by	  Pedro	  Szekely	  



Current	  temperature 	   	   	  73°F	  	  
Wind 	   	   	   	   	  10	  mph	  SW	  
Humidity 	   	   	   	  51%	  
Dew	  Point 	   	   	   	  54°	  

Challenge	  2:	  Scale-‐Up	  
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