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Textbook 

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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Textbook – Chinese translation 

Pascal Hitzler, Markus Krötzsch, Sebastian Rudolph 
 

语义Web技术基础  
 Tsinghua University Press (清华大学出版社）,  2012,  to appear 
 
Translators: 
Yong Yu, Haofeng Wang, Guilin Qi (俞勇，王昊奋，漆桂林)  
 
 

http://www.semantic-web-book.org 
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Semantic Web journal 

• EiCs:  Pascal Hitzler 
  Krzysztof Janowicz 
 

• New journal with significant initial uptake. 
 

• We very much welcome contributions at  
the “rim” of traditional Semantic Web 
research – e.g., work which is strongly 
inspired by a different field. 
 

• Non-standard (open & transparent) 
review process. 
 

• http://www.semantic-web-journal.net/ 
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– Limitations of the current World Wide Web 
– The basic Semantic Web idea 
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The current (World Wide) Web 

• Immensely successful. 
• Huge amounts of data. 
• Syntax standards for transfer of structured data. 
• Machine-processable, human-readable documents. 

 
 
 
 

BUT: 
 

• Content/knowledge cannot be accessed by machines. 
Meaning (semantics) of transferred data is not accessible. 
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World Wide Web 

1992: Internet release (CERN) 
Basic ideas for the Web were fixed 1989 by Tim Berners-Lee. 
Ideas for the  
(today so-called)  
Semantic Web  
have already been  
part of the initial  
ideas! 
 

First 
browser 
by TBL 

1991/92 
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Very brief history of the Semantic Web 

• invented ca. 1989. 
• 1990s: W3C metadata activity (lead to RDF(S)) 
• W3C semantic web activity: chartered 2001. 

 
• USA: DAML-Programme 2000-2005  

approx. $90M. 
• Many large scale EU projects since 2002 and ongoing. 

! FP6/FP7 
• Major IT companies now 

getting on board. 
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A Google a Day – agoogleaday.com 



April 2012 – Université du Québec à Montréal – Pascal Hitzler 10 



April 2012 – Université du Québec à Montréal – Pascal Hitzler 11 



April 2012 – Université du Québec à Montréal – Pascal Hitzler 12 



April 2012 – Université du Québec à Montréal – Pascal Hitzler 13 

But computers can’t do that 

Question: 
美国总统是谁 

 

Answer: 
巴拉克•奥巴马  
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e.g. Animals 

agreement Ontology 

Semantics 

Person 
1 

exchange of symbols 

agreement 

Semantic Web – Main Idea 



April 2012 – Université du Québec à Montréal – Pascal Hitzler 16 

Basic Idea of the Semantic Web 

Ontology 
represents 

Schema knowledge 

DL Rules 
Krötzsch, Rudolph, Hitzler 
ECAI 2008 

Data e.g. on  
Websites 

e.g. every publication has an author 
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DL Rules 
Krötzsch, Rudolph, Hitzler 
ECAI 2008 

e.g. every publication has an author 

Publication 

Event 

Title 

Author 

Basic Idea of the Semantic Web 
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DL Rules 
Krötzsch, Rudolph, Hitzler 
ECAI 2008 

Basic Idea of the Semantic Web 

Ontology 
represents 

Schema knowledge 

Data e.g. on  
Websites 

e.g. every publication has an author 
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What Is Semantic Web Semantics? 

• Opinions Differ. Here’s my take. 
 

• Semantic Web requires a shareable, declarative and computable 
semantics. 

• I.e., the semantics must be a formal entity which is clearly 
defined and automatically computable. 
 

• Ontology languages provide this by means of their formal 
semantics. 

• Semantic Web Semantics is given by a relation – the logical 
consequence relation. 
 

• Note: This is considerably more than saying that the semantics 
of an ontology is the set of its logical consequences! 
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In other words 

 
 
We capture the meaning of information 
 
  not by specifying its meaning (which is impossible) 
  but by specifying  
 
  how information interacts with other information. 
 
We describe the meaning indirectly through its effects. 
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Simple Logical Reasoning 

If I ask for soccer team 
members, I also want to get 

the goalkeepers listed ... 

If I ask for cities, I also 
want all capitals listed ... 

inheritance reasoning 
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Reasoning Needs 

Inspired by presentation by Evan Sandhaus, ISWC2010 
 
x  newsFrom rome . 
rome  locatedIn italy . 
 
we want to conclude:  
x   newsFrom  italy . 
 
Take your news database. 
Take location info from somewhere on linked data. 
Materialize the new newsFrom triples. 
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Reasoning Needs 

 
 
x  newsFrom rome .   newsFrom(x,y) 
rome  locatedIn italy .   locatedIn(y,z) 
 
we want to conclude:  
x   newsFrom  italy .   newsFrom(x,z) 
 
 
newsFrom(x,y) Æ locatedIn(y,z) ! newsFrom(x,z) 
 
newsFrom o locatedIn v newsFrom 
  using owl:propertyChainAxiom 
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Reasoning as first-class citizen 

Why would we want to have knowledge/rules such as  
  newsFrom(x,y) Æ locatedIn(y,z) ! newsFrom(x,z) 
if we can also just do this with some software code? 
 
• It declaratively describes what you do. 
• It separates knowledge (as knowledge base) from programming. 
• It makes knowledge shareable. 
• It makes knowledge easier to maintain. 



April 2012 – Université du Québec à Montréal – Pascal Hitzler 25 

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? 

answering requires 
merging of knowledge 
from many websites 
and using background 
knowledge. 



April 2012 – Université du Québec à Montréal – Pascal Hitzler 26 

So what happened? 

 
 

• In 2004, two W3C Recommendations were completed:  
– RDF + RDF Schema with formal model-theoretic semantics 
– OWL with formal model-theoretic semantics 

 
 

• OWL 2 update emerged 2009. 
• RDF update is being discussed right now. 
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Ontology languages 

• Of central importance for the realisation of Semantic 
Technologies are suitable representation languages. 

• Meaning (semantics) provided via logic and deduction 
algorithms. 

• Scalability is a challenge. 

Expressivity Scalability 
OWL DL OWL EL RDF 

Language standards recommended by W3C 
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Ontology Example 

x:Professor 

x:Employee 

x:PhD-Student 

x:Student 

x:Tutor 

rdfs:Class 

x:Rudi x:Daniel x:Raphael 

 subClass 

instantiation 

Declaration  
of classes 

x:Professor 

x:PhD-Student 

x:email 

x:supervises 

x:advises 

x:Employee x:Employee 

rdf:Literal 

x:Student 

rdfs:domain 

rdfs:domain 

rdfs:domain 

rdfs:range 

rdfs:range 

rdfs:range 

x:responsible_for 

rdfs:subPropertyOf 

rdfs:subPropertyOf 

Declaration  
of properties 

schema knowledge 
PhDStudent v 9advisedBy.Professor 
 
rules 
responsible_for(y,x) Æ Professor(y)  
  ! Employee(x) 
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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 



April 2012 – Université du Québec à Montréal – Pascal Hitzler 35 

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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DL Rules 
Krötzsch, Rudolph, Hitzler 
ECAI 2008 

Basic Idea of the Semantic Web 

Ontology 
represents 

schema knowledge 

Data e.g. on  
Websites 

e.g. every publication has an author fact knowledge 
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DL Rules 
Krötzsch, Rudolph, Hitzler 
ECAI 2008 

Currently it‘s looking like this 

Data e.g. on  
Websites 

facts only. (almost) no schema knowledge 
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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 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 



April 2012 – Université du Québec à Montréal – Pascal Hitzler 51 

Idea 

Query Upper level 
ontology 

 
LOD 
IMDB 

Dataset 

 
LOD 

Wikipedia 
Dataset 

(DBPedia) 

Answer 
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BLOOMS 

Jain, Hitzler et al, ISWC2010 
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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 – 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 – 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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Thanks! 
 

 

http://www.semantic-web-book.org 
http://www.semantic-web-journal.net 
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