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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. 

 
• Content/knowledge cannot be accessed by 

machines. 
Meaning (semantics) of transferred data is not 
accessible. 
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Semantic Web – Main Idea 

• ... Agent 1 

Thing 

Person 2 

Ontology 
description 

Agent 
2 

exchange of symbols 

‘‘JAGUAR“ 

Concept 
MA1 

HA1 HA2 
MA2 

Symbol 

Specific Domain,  
e.g. Animals 

agreement Ontology 

Semantics 

Person 
1 

exchange of symbols 

agreement 
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PhD Student AssProf 

AcademicStaff 

rdfs:subClassOf rdfs:subClassOf 

cooperate_with 

rdfs:range rdfs:domain Ontology 

<swrc:AssProf rdf:ID="sst"> 
   <swrc:name>Steffen Staab 
   </swrc:name> 
... 
</swrc:AssProf> 
 

http://www.aifb.uni-karlsruhe.de/WBS/sst 

Anno-  
tation 

<swrc:PhD_Student rdf:ID="sha"> 
 <swrc:name>Siegfried 
Handschuh</swrc:name> 
 
 

 

... 
</swrc:PhD_Student> 

Web 
 Page 

http://www.aifb.uni-karlsruhe.de/WBS/sha URL 

<swrc:cooperate_with rdf:resource =  
  "http://www.aifb.uni- 
karlsruhe.de/WBS/sst#sst"/> 

instance of 
instance 
of 

Cooperate_with 

Ontologies & Metadata 

Links have explicit meanings! 
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The 
Semantic 
Web Idea 

is not 
new! 

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. 70M€. 
 

• Many large scale EU projects since 2002 and ongoing. 
! FP6/FP7 
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Semantic Technolgies 

• Same techniques and methods 
• Usage not on the web 

– content management 
– data integration 
– intelligent systems 
– ambient intelligence 
– software engineering 
– etc. 

 
• likely to have huge impact on industrial developments 

in near future 
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Answers 

Menu 

C1 
C3 

C2 
DB2 DB1 

DB1 

Queries 

structural heterogeneity 

semantic heterogeneity 

inconsistencies, redundancies 

Enterprise Information Integration 

obstacles 
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Semantic Search with context information 
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Application Scenario: Rolls Royce 

 
• Manufacturer of turbines and propelling devices 
• Rolls Royce needs solutions for the supervision of 

product lifecycles based on multimedial data. 
 
– EU IST IP X-Media 
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Application Scenario:  
UN Food and Agriculture Organisation (FAO) 

• FAO is the single institution world wide with 
knowledge about the global fish stock situation 

• FAO needs solutions for the management of huge 
amounts of data about fishery 
 

• One of the goals: Development of a ontology-
based stock overfishing warning system 
– EU IST IP NeOn 
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RDF Schema – 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 
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RDF/RDF Schema (Resource Description 
Framework) 

• W3C standard since April 2004. 
• XML Syntax for expressing very simple ontologies. 

 
• Classes (unary predicates), subClassOf relation 
• Properties (binary predicates), subPropertyOf relation 
• RDF statements are triples (Object, Property, Object) 

– Objects can be  
• URIs 
• Classes 
• Properties  
• or triples(!) 
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F-Logic 

• Kifer, Lausen, Wu 1995. 
• Logic Programming plus syntactic sugar. 
• Used in Ontobroker by ontoprise GmbH.  
• Scalable for industrial usage. 
• W3C member submission “Web Rule Language WRL” 
• Well-founded semantics (non-monotonic). 
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/* facts */  
abraham:man.  sarah:woman.  
isaac:man[father->abraham; mother->sarah]. 
 
/* conceptual knowledge */ 
man::person.  
person[father=>man].  
 
  
/* regeln */  
FORALL X,Y X[son->>Y] <- Y:man[father->X].  
jacob[son@(leah)->>{reuben, simeon};  
   son@(rachel)->>{joseph, benjamin}].  
 
/* queries */ 
FORALL X,Y <- X:woman[son->>Y[father->abraham]].  

F-Logic – example 
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Web Ontology Language OWL 

• More expressive than RDFS. 
• W3C recommendation April 2004. 
• OWL DL: Fragment of 1st order predicate logic. 
• OWL Full: OWL DL plus reification (etc.). 

 
• OWL DL:  

– Description Logic SHOIN(D). 
– decidable. 
– largely compatible with RDFS. 
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OWL DL simple example 

TBox: human v 9hasParent.> 
  orphan ´ human u :9hasParent.alive 
 
Translation to FOL: 
(8X) ( human(X) ! (9Y) hasParent(X,Y) ) 
(8X) ( orphan(X) $  
  (human(X) Æ :(9Y) (hasParent(X,Y) Æ 

alive(Y))) 
 
ABox: orphan(harrypotter) 
  hasParent(harrypotter,jamespotter) 
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Wikipedia growth 

Year Articles English Languages 

2002 20,342 17,307 17 

2003 133,129 98,475 25 

2004 420,562 189,124 52 

2005 1,311,697 438,289 162 

2006 3,100,360 893,237 197 

11/2006 5,565,830 1,462,910 250 
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Wikipedia users 

• 2.7 Mio registered users 
• About 70,000 contributors 
• 2% (1,400) make 73.4% of all edits 

 
• Most content from wide user base 
• Clean up / “gardening” by small group 

 
[English Wikipedia, study by Aaron Swartz] 
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A Wikipedia Problem 

• Reuse of content on other pages can only be done 
manually. 

• Wikipedia is full of manually created lists with 
overlapping content. 

• Enormous overhead to maintain the lists and to 
ensure quality and consistency. 
 

• Semantic Technologies are made to resolve such 
issues. 
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Semantic Mediawiki 

• Enhancement of Mediawiki (used in Wikipedia) 
 

• Simple knowledge representation techniques 
• Added value for user 

 
• In particular:  

– better data reuse  
– enhancement of querying 

 



Hitzler ● Towards an Intelligent World Wide Web ● Luxembourg ● March 2008 

A
IF

B
 

R
ea

Se
m

 

Slide 37/77 

Knowledge  
Technologies – 
Semantic MediaWiki 

• Description 
Semantic MediaWiki introduces some additional markup into 
the wiki-text which allows users to add "semantic annotations“. 

• Structured Knowledge Representation (with RDF export) 
• Extensions 

– for typed Links 
• Previously: … Karlsruhe is located in [[Germany]] … 
• New: … Karlsruhe is located in  

[[has location::Germany]] … 
– for Annotations 

• Previously: … Karlsruhe has 280.000 inhabitants … 
• New: … Karlsruhe has [[inhabitants:=280000]] … 

• More information at http://wiki.ontoworld.org/ 
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We go to the article on the RuleML2006 conference … 
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… and edit it 
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Editing RuleML2006 (non semantic version) 
RuleML2006 is the Second 
International Conference on 
Rules and Rule Markup Languages 
for the Semantic Web. It is held 
from November 9 2006 to November 
10 2006 in [[Athens, Georgia]], 
[[USA]].  
For more information, see 
http://2006.ruleml.org/. 

There is already an 
ordinary link to the article 

of „Athens, Georgia“ 
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Editing RuleML2006 (semantic version) 
RuleML2006 is the Second 
International Conference on 
Rules and Rule Markup Languages 
for the Semantic Web. It is held 
from November 9 2006 to November 
10 2006 in [[has 
location::Athens, Georgia]], 
[[USA]].  
For more information, see 
http://2006.ruleml.org/. 

Just say what the relation 
between this page (RuleML2006) 

and „Athens, Georgia“ is. 
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From links … 
… in [[Athens, Georgia]], 
[[USA]]. …  

… in [[has 
location::Athens, 
Georgia]], [[USA]]. …  

… to typed links 
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From values … 
… It is held from November 
9 2006 to November 10 2006 
in…  

… It is held from [[start 
date:=November 9 2006]] to 
[[end date:=November 10 
2006]] in…  

… to attributes 
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Save. 
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It looks exactly the same as before 
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What the humans see, when they scroll down 
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What the humans see, when they scroll down 
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Benefits for Wikipedians: <ask> for your data 
•Inline queries allow for questions like … 

– … movies from the 70s starring Sean Connery 
– … list of events (all conferences and workshops) 
 

<ask format="ul" link="all"> 
 [[Category:Event]] 
</ask> 
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Benefits for Wikipedians: <ask> for your data 
•Inline queries allow for questions like … 

– … movies from the 70s starring Sean Connery 
– … list of events with their deadline 

<ask format="ul" link="all"> 
 [[Category:Event]] 
  [[paper deadline:=*]] 
</ask> 
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Benefits for Wikipedians: <ask> for your data 
<ask format="ul" link="all"> 
 [[Category:Event]] 
 [[paper deadline:=>June 1 2006]] 
 [[paper deadline:=<December 31 2006]] 
 [[title:=*]] 
 [[paper deadline:=*]] 
 [[Category:Topic Semantic Web query 
languages]] 
</ask> 
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Applications 
• Automatic tables and lists  

– E.g. Countries sorted by area, population, alphabet, … 
• Maintenance with hand crafted checks 

– Does every country have one capital? 
• Integration in applications 

– latte = wikipedia.get(“Latte 
Macchiatto”);  
print latte[“contains”] 

• Visualization and browsing 
• … And many unexpected ones 
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Who is using Semantic MediaWiki? 

•  ¸50 known sites 
• Archiplanet  

– 122801pages 
• BibleWiki 

– 40000 pages 
• Centiare 

–  5000 pages 
• HumanCell 

– 22129 pages 

Demo and more information at 
http://wiki.ontoworld.org/ 

• Jurispedia  
– 4000 pages 

• Wikicompany 
– 9000 pages 

• OneWoldWiki 
– 2673 pages 

• NI Gov. Wiki 
– 1500 pages 
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SmartWeb: Mobile querying of the Semantic Web 

• DFKI (Wahlster) consortium leader 
• BMBF Project  
   (IT-2006 and Futur-Programme) 
• 13,7 MEuro, 2004-2007 
• Builds on Verbmobil, Smartkom 
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The SmartWeb System 

user 
interaction 
component 

T-Info 
web wervices 

semantic 
mediator 

 
SmartWeb Integrated 

Ontology (SwIntO) 

annotated 
web pages 

linguistics-based 
query answering 

ontology 
reasoner 
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The SmartWeb Demonstrator 

• see demo movie 
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Simple 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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Less Simple Reasoning 

What was again the name of 
that russian researcher who 
worked on resolution-based 

calculi for EL?  

Are lobsters spiders? 

What is "Käuzchen" 
in english? 

answering requires 
merging of knowledge 
from many websites 
and using background 
knowledge. 
 
with semantic web  
this will be simple. 
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Sophisticated Application Needs 

The conclusions from 
the sensor data are 
uncertain. How do I 

process that?  

Merging Wiki 
inputs will lead 

to 
inconsistencies. 
How do we deal 

with that? 

Thinkpads run 
Windows, unless 
explicitly stated 

otherwise ... non-monotonic 
reasoning 

paraconsistent 
reasoning 

fuzzy/probabilistic reasoning 
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The Expressive Reasoning Scalability Problem 

• OWL DL is a poor KR&R Language. 
• But it already is NExpTime hard. 

 
• Old AI bottleneck: 

– Expressive logics have high computational 
complexity. 

– Expressive KR and reasoning is very expensive. 
 

• But the WWW is huge! 
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Current Research Trend 

• Now, for the first time since AI was invented, 
expressive reasoning becomes feasible for practice. 
– Rule-based systems 

• e.g. ontobroker by ontoprise, based on F-Logic 
– DL-based reasoners 

• e.g. CEL for SNOMED, based on OWL 
 

• Initiated by performance breakthroughs end-90s 
• Further driven by Semantic Web effort 

 
• Some expressive extensions are still off limits! 
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Reasoning in Semantic Mediawiki 

• Lightweight use of metadata (mainly RDFS, some 
EL++. No reasoning in the stronger sense) 

• Already added value for the user! 
 

• Simple: Introduce further background knowledge by 
means of ontologies. 
– Beware of scalability problems! 
– ... and others ... 
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Reasoning in SmartWeb 

• Knowledge Representation mainly RDFS-based. 
 

• Some more sophisticated data represented in  
F-Logic. 
 

• Very large database.  
Reasoning still shallow.  
Already pushing the limits of scalability. 
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SNOMED application 

• Systematized Nomenclature of Human and 
Veterinary Medicine (USA-based) 
– industrial strength application 

• Application requires reasoning support. 
• Solved by applying tractable OWL-DL-fragment EL++ 

– (Franz Baader, TUD) 
 

• Current paradigm shift: tractable description logics 
– Horn-SHIQ (Karlsruhe) 
– DL-Lite (Rome) 
– EL++ (Dresden) 
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Conclusions 

• Semantic Technologies are of added value for 
multimedia content management and retrieval  
(and many other topics). 
 

• Reasoning allows to access implicit information and 
is highly sought for in practice. 
 

• Solutions for industrial applications are within reach 
now! 
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THANKS! 
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