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Textbook (required) 

Pascal Hitzler, Markus Krötzsch, 
Sebastian Rudolph 
 
Foundations of Semantic Web  
Technologies 
 
Chapman & Hall/CRC, 2010 
 
Choice Magazine Outstanding Academic 
Title 2010 (one out of seven in Information 
& Computer Science) 
 
 
 http://www.semantic-web-book.org 
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Tim Berners-Lee 2006 

• from http://www.w3.org/DesignIssues/LinkedData.html 
 

 
1. Use URIs as names for things  
2. Use HTTP URIs so that people can look up those names.  
3. When someone looks up a URI, provide useful information, 

using the standards (RDF*, SPARQL)  
4. Include links to other URIs. so that they can discover more 

things.  
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Linked Open Data 2007 (May) 

Linking Open Data cloud diagram, this and subsequent pages, by Richard Cyganiak and Anja Jentzsch. http://lod-cloud.net/ 
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Linked Open Data 2007 (Oct) 
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Linked Open Data 2008 
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Linked Open Data 2009 
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Linked Open Data 2010 
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Linked Open Data 2011 
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Linked Open Data 

Number of Datasets 
 
2011-09-19  295  
2010-09-22  203  
2009-07-14  95  
2008-09-18  45  
2007-10-08  25  
2007-05-01  12 

Number of triples (Sept 2011) 
 
31,634,213,770 
 
with 503,998,829 out-links 
 
 

From http://www4.wiwiss.fu-berlin.de/lodcloud/state/ 
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Example: GeoNames 

rdfs:subClassOf? 
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From agoogleaday.com 

• What tribe has lived since 1300 AD near the canyon you’d 
explore from Bright Angel Trail? 
 

• The highway that runs through Rachel, Nevada draws 
enthusiasts who probably enjoy what movie genre? 
 

• If you key in international dialing code 40, how would you say 
“good morning” in the language of the country you're calling? 
 

• What word will you use for “taxi” if the airport code of your 
destination is OSL? 
 

• What single state is home to all of the following U.S. cities: 
Madrid, Toronto, Cincinnati, Denver, Hartford, and Norway? 
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Example: GovTrack 

“Nancy Pelosi voted in favor of the Health Care Bill.” 

Bills:h3962 

H.R. 3962: Affordable 
Health Care for America 

Act 

Votes:2009-887/+ 

people/P000197 

Nancy Pelosi 
On Passage: H R 
3962 Affordable 
Health Care for 

America Act 

Vote: 
2009-887 

vote:hasAction 

vote:vote 

dc:title 

vote:hasOption 

rdfs:label Aye 

dc:title 

vote:votedBy 

name 
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Example: GovTrack 
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Example querying LoD 

“Identify congress members, who have voted “No” on pro 
environmental legislation in the past four years, with  
high-pollution industry in their congressional districts.” 

 
In principle, all the knowledge is there: 
• GovTrack 
• GeoNames 
• DBPedia 
• US Census 

 
But even with LoD we cannot answer this query. 
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Example querying LoD 

“Identify congress members, who have voted “No” on pro 
environmental legislation in the past four years, with  
high-pollution industry in their congressional districts.” 

 
Some missing puzzle pieces: 
• Where is the data? 

–   GovTrack 
  GeoNames 
  US Census  
  requires intimate knowledge of the LoD data sets 
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Example querying LoD 

“Identify congress members, who have voted “No” on pro 
environmental legislation in the past four years, with  
high-pollution industry in their congressional districts.” 

 
Some missing puzzle pieces: 
• Where is the data?  

(smart federation needed) 
• Missing background (schema) knowledge.  

(enhancements of the LoD cloud) 
• Crucial info still hidden in texts.  

(ontology learning from texts) 
• Added reasoning capabilities (e.g., spatial).  

(new ontology language features) 
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Don’t get me wrong 

 
 
 
Linked Open Data is great, useful, cool, and a very important step. 
 
 
 
 
But we need to make use of the added value of formal semantics in 

order to advance towards the Semantic Web vision! 
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The Semantic Data Web Layer Cake 

Traditional Web content 

Linked Open Data 

Schema Schema Schema Schema ... 

To leverage LoD, we require schema knowledge 
• application-type driven (reusable for same kind of application) 
• less messy than LoD (as required by application) 
• overarching several LoD datasets (as required by application) 
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Schema on top of the LoD cloud 
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Idea – Querying Linked Open Data 

Work in progress. 
• Schema creation for  

– query federation 
– utilizing background knowledge 
– compilation of LOD knowledge into  

reason-able form 
• Reasoning algorithm (on suitable language) for 

very efficient data-intensive reasoning 

Traditional Web content 

Linked Open Data 

Schema 

LO
D

 q
ue

ry
in

g 
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BLOOMS 

Jain, Hitzler et al, ISWC2010 
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BLOOMS 
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BLOOMS 
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BLOOMS trees 
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BLOOMS 
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BLOOMS decisions 
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BLOOMS Test Data 
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Further enhancements 

• e.g. with partonomies  
[Jain et al, submitted] 
 

• So far we have a partonomies crator, 
called PLATO. 
 

• Evaluations on next slides. 
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PLATO partonomy detection system 

• Intra-dataset partonomy detection 
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PLATO partonomy detection system 

• Intra-dataset partonomy detection 
– Between Freebase dishes and DBPedia ingredients 
– Between Freebase human anatomy parts and DBPedia organs 
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PLATO partonomy detection system 

• Discovery of schema-level links 
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Schema-level links evaluation 
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Idea – Querying Linked Open Data 

Work in progress. 
• Schema creation for  

– query federation 
– utilizing background knowledge 
– compilation of LOD knowledge into  

reason-able form 
• Reasoning algorithm (on suitable language) for 

very efficient data-intensive reasoning 

Traditional Web content 

Linked Open Data 

Schema 

LO
D

 q
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Linked Data Query 
 

#find the landlocked countries and their population 
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>  
PREFIX type: <http://dbpedia.org/class/yago/>  
PREFIX prop: <http://dbpedia.org/property/> 

 
 SELECT ?countryName ?population WHERE  
 { 
 ?country rdf:type     type:LandlockedCountries ;   
          rdfs:label  ?countryName ;   
                 prop:populationEstimate ?population .     
     FILTER ( lang(?countryName) = "en" )  
 } 

 
 
 

 
 
 

countryName population 
Burkina Faso 15746232 
Laos 6800000 
Liechtenstein 35789 
Niger 15306252 
Nepal 29331000 
Zambia 12935000 
Malawi 14901000 
Rwanda 11370425 
Uganda 32369558 
Turkmenistan 5110000 
Serbia 7306677 
Serbia 9496000 
Bhutan 691141 
Swaziland 1185000 
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ALOQUS Illustration 

“Identify films, the nations where they were shot and the population 
of these countries” 
 
SELECT ?film ?nation ?pop 
 
WHERE { 
?film   protonu:ofCountry   ?nation. 
?film   rdf:type    protonu:Movie. 
?film   rdfs:label    ?film_name. 
?nation protont:populationCount  ?pop. 
} 
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ALOQUS Illustration – Blooms Alignment 

 
 
 
      protonu:ofCountry  maps to     lmdb:country 
      protonu:Movie  maps to     lmdb:film 
      protont:populationCount  maps to     dbprop:populationCount 
 
 
  Alignment confidence > 0.9 
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ALOQUS Illustration – Sub Queries 

 
(a) SELECT ?film ?nation ?pop 
WHERE { 
?film lmdb:country ?nation. 
?film rdf:type lmdb:film. 
?film rdfs:label ?film_name. 
} 
 
(b) SELECT ?nation ?pop 
WHERE { 
?nation dbprop:populationCensus ?pop. 
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ALOQUS Illustration 

 
 
 
 
How to preserve the upper level ontology terms? 
 Use CONSTRUCT instead of SELECT 
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ALOQUS Illustration – Construct Query 

 
CONSTRUCT { 

?film protonu:ofCountry ?nation. 
?film rdf:type protonu:Movie. 
?film rdfs:label ?film_name. 

} 
WHERE { 

?film lmdb:country ?nation. 
?film rdf:type lmdb:film. 
?film rdfs:label ?film_name. 

} 
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ALOQUS Illustration – Query Results 

(a) 
lmdb-film:11446 protonu:ofCountry  lmdb-country:IN. 
lmdb-film:11446 rdf:type   protonu:Movie. 
lmdb-film:11446 rdfs:label   "Run". 
 
lmdb-film:17091 protonu:ofCountry  lmdb-country:LK. 
lmdb-film:17091 rdf:type   protonu:Movie. 
lmdb-film:17091 rdfs:label   "Getawarayo". 
 
lmdb-film:16973 protonu:ofCountry  lmdb-country:IN. 
lmdb-film:16973 rdf:type   protonu:Movie. 
lmdb-film:16973 rdfs:label   "Kabeela". 
 
(b)  
dbpedia:Sri_Lanka  protont:PopulationCount  21324791. 
dbpedia:India   protont:PopulationCount  1210193422. 
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ALOQUS Illustration – Entity Co-reference 

• Detect similar entities 
 

• lmdb:IN is equivalent to : 
 
http://data.linkedmdb.org/resource/country/IN 
http://sws.geonames.org/1269750/ 
http://rdf.freebase.com/ns/m.03rk0 
http://dbpedia.org/resource/India 
http://data.nytimes.com/india_geo 
http://dbtune.org/musicbrainz/resource/country/IN 
http://umbel.org/umbel/ne/wikipedia/India 
http://www.ontologyportal.org/SUMO.owl#India 
http://www4.wiwiss.fu-berlin.de/factbook/resource/India 

 
• Map to a proxy identifier aloqus:9bc35a1 
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ALOQUS Illustration – Result I 

• With proxy identifiers 
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ALOQUS Illustration – Result II 

• Without proxy identifiers 
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Comparison with other systems 
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