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The Semantic Web

The collection of all formal, machine
processable, web accessible, ontology-
based statements (semantic metadata)
about web resources and other entities in
the world, expressed in a knowledge
representation language based on an XML
syntax (e.g., OWL, DAML, DAML+OIL,
RDF, etc…)
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<foaf:PersonalProfileDocument rdf:about="http://kmi.open.ac.uk/people/rdf.cfm/idstring/sofia-angeletou/">
  <dc:title>Sofia Angeletou&apos;s RDF Description</dc:title>
  <rdfs:label>Sofia Angeletous RDF Description</rdfs:label>
  <dc:description>RDF description for Sofia Angeletou in machine-readable RDF/XML</dc:description>
  <dc:creator rdf:resource="http://identifiers.kmi.open.ac.uk/people/sofia-angeletou/" /> 
  <foaf:maker rdf:resource="http://identifiers.kmi.open.ac.uk/people/sofia-angeletou/"/>
  <foaf:primaryTopic rdf:resource="http://identifiers.kmi.open.ac.uk/people/sofia-angeletou/"/>
</foaf:PersonalProfileDocument> 

<foaf:Person rdf:about="http://identifiers.kmi.open.ac.uk/people/sofia-angeletou/">

  <foaf:name>Sofia Angeletou</foaf:name>
  <foaf:firstName>Sofia</foaf:firstName>
  <foaf:surname>Angeletou</foaf:surname>
  <foaf:mbox_sha1sum>F78114D4E45CFC6AC811E6191F50182FB9838938</foaf:mbox_sha1sum>
  <foaf:phone rdf:resource="tel:+44-(0)1908-654777"/>
  <foaf:jabberID>s.angeletou%open.ac.uk@msg.open.ac.uk</foaf:jabberID>
  <foaf:homepage rdf:resource="http://"/>
  <foaf:publications rdf:resource="http://kmi.open.ac.uk/publications/publications.cfm?id=167"/>
  <foaf:workplaceHomepage rdf:resource="http://kmi.open.ac.uk/"/>
  <foaf:workInfoHomepage rdf:resource="http://kmi.open.ac.uk/people/index.cfm?id=167"/>
  <foaf:depiction rdf:resource="http://kmi.open.ac.uk/img/members/Sofia4F8E0276.jpg"/>

Semantic Web 
Document
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Semantic Content is Increasing….

<rdf:RDF>
<Feature rdf:about="http://sws.geonames.org/2638049/">
<name>Shenley Church End</name>
<alternateName>Shenley</alternateName>
<inCountry
rdf:resource="http://www.geonames.org/countries/#GB"/>
</rdf:RDF>

• Great variety: Some
topics are almost not
covered (e.g. Health),
while some are
covered reasonably
well (e.g. Society,
Computers)

• As we can expect, a
large number of
narrow coverage
documents and a
small number of large
coverage ones.

Distribution of documents in the 16
top categories of DMOZ

Distribution of the documents according
to their coverage 

Domain Coverage on the SW
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The Rise of Semantics

Key Points

• The SW is less and less an aspiration and more and
more a reality: there is already a large amount of
semantic markup available on the web

• However the domain coverage of the semantic web is
patchy. Some domains are well covered, others covered
very little

• This emerging large scale semantics opens up new
possibilities for building novel, knowledge-based
applications

• In addition, it may also provide a solution to one of the
holy grails of AI research: the availability of large-scale
background knowledge to enable intelligent behaviour
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Semantic Web Applications

Application Types

• Lots of different types…diversity is increasing…see
“Intro to SW” talk…..
– Enterprise Information Integration
– Web 2.0 like
– Devices
– Agents
– Etc…

• Here we focus on two broad classes of applications
– (Semantically) Closed SW Applications (1st generation)

• Typically in the domain of Enterprise Information Integration

– (Semantically) Open SW Applications (2nd generation)
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Closed SW Applications
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<rdf:Description 

rdf:about="http://www.ecs.soton.ac.uk/info/#perso

n-01269"> 

    <ns0:family-name>Gibbins</ns0:family-name> 

    <ns0:full-name>Nicholas Gibbins</ns0:full-name> 

    <ns0:given-name>Nicholas</ns0:given-name> 

    <ns0:has-email-

address>nmg@ecs.soton.ac.uk</ns0:has-email-

address> 

    <ns0:has-affiliation-to-unit 

rdf:resource="http://194.66.183.26/WEBSITE/GOW

/ViewDepartment.aspx?Department=750"/> 

  </rdf:Description> 

</rdf:RDF> 

 

CS Dept Data

AKT Reference Ontology

RDF Data

Bibliographic Data

Geographical Data
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Closed SW Applications

• A ‘corporate ontology’ is used to provide a homogeneous
view over heterogeneous data sources.

• Limited use of existing SW data
– Data are typically scraped from existing non-semantic sources

• Typically closed to additional (heterogenous) semantic
resources
– On-the-fly semantic data integration is usually not supported

• Often tackle Enterprise Information Integration scenarios
• Can be seen (to some extent) as the application of

traditional knowledge engineering technologies in a web
environment
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Open SW Applications

(2nd Generation SW Applications)
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Architecture of OSW Apps

The Knowledge Acquisition Bottleneck

Large Body
of Knowledge

Intelligent Behaviour

KA 
Bottleneck

Knowledge
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Intelligent Behaviour

SW as Enabler of Intelligent Behaviour

Swoogle

http://swoogle.umbc.edu/
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Watson

http://watson.kmi.open.ac.uk

• Sophisticated quality control mechanism
– Detects duplications
– Fixes obvious syntax problems

• E.g., duplicated ontology IDs, namespaces, etc..

• Structures ontologies in a network
– Using relations such as: extends, inconsistentWith, duplicates

• Provides efficient API
• Supports formal queries (SPARQL)
• Variety of ontology ranking mechanisms
• Modularization/Combination support
• Plug-ins for Protégé and NeOn Toolkit
• Very cool logo!
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Example: Using the SW as
Background Knowledge for

Ontology Matching
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1

0.9

0.9 0.9
1

–Label similarity methods
•e.g., Full_Professor = FullProfessor

Ontology Matching

0.5

0.5

–Structure similarity methods
•Using taxonomic/property related information

New paradigm:
Use of Background Knowledge

A B

Background Knowledge
(external source)

A’ B’R

R
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Proposal:
• rely on online ontologies (Semantic Web) to derive mappings
• ontologies are dynamically discovered and combined

A Brel

Semantic Web

Does not rely on any pre-
selected knowledge sources.

M. Sabou, M. d’Aquin, E. Motta, “Using the Semantic Web as Background Knowledge in
Ontology Mapping", Ontology Mapping Workshop, ISWC’06. Best Paper Award

External Source = SW

Strategy 1 - Definition

Find ontologies that contain equivalent classes for A and B and use
their relationship in the ontologies to derive the mapping.

A Brel

Se
m

an
tic

 W
eb

A1’
B1’

A2’
B2’

An’
Bn’

O1
O2 On

BABA

BABA

BABA

BABA

!"!

#=>#

$=>$

%"%

''

''

''

''

For each ontology use these rules:

…

These rules can be extended to take into
account indirect relations between A’ and
B’, e.g., between parents of A’ and B’:

'''' BABCCA !"!#$
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Strategy 1- Examples

ka2.rdf

Researcher AcademicStaff

Se
m

an
tic

 W
eb

Researcher

AcademicStaff

!

!

ISWC SWRC

Beef Food

Se
m

an
tic

 W
eb

Beef

RedMeat

Tap

Food

MeatOrPoultry

!

!

!

!

SR-16 FAO_Agrovoc

Strategy 2 - Definition

BABCCAr

BABCCAr

BABCCAr

BABCCAr

BABCCAr

!"#$!

!"!$!

%"%$&

#"#$&

&"&$&

')5(

')4(

')3(

')2(

')1(

Principle: If no ontologies are found that contain the two terms then
combine information from multiple ontologies to find a mapping.

A Brel

Se
m

an
tic

 W
eb

A’
BC

C’
B’rel

rel

Details:
 (1) Select all ontologies containing A’ equiv. with A
 (2) For each ontology containing A’:

(a) if               find relation between C and B.
(b) if               find relation between C and B.

CA !'
CA !'

Details:
 (1) Select all ontologies containing A’ equiv. with A
 (2) For each ontology containing A’:

(a) if               find relation between C and B.
(b) if               find relation between C and B.
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Strategy 2 - Examples

PoultryChicken!

FoodPoultry !

Chicken Vs. Food

(midlevel-onto)
(Tap)

Ex1:

FoodChicken!

Ham Vs. FoodEx2:

(r1)

MeatHam!

FoodMeat !
(pizza-to-go)
(SUMO) FoodHam!

(Same results for Duck, Goose, Turkey)

(r1)

Ham Vs. SeafoodEx3:

MeatHam!

SeafoodMeat !
(pizza-to-go)
(wine.owl) SeafoodHam !

(r3)

Evaluation: 1600 mappings, two teams, 70% Precision

(derived from 180 different ontologies)

Matching AGROVOC (16k terms) and NALT(41k terms)

Large Scale Evaluation

M. Sabou, M. d’Aquin, E. Motta. “Using the Semantic Web as Background Knowledge 
for Ontology Matching”.  To appear in the Journal of Data Semantics
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Chart 2

Ontologies (180) used to derive mappings.
TAP

CPE

Mid-level-ontology.daml 

SUMO.daml 

Economy.daml 

WMD.daml 

a.com/ontology 

http://139.91.183.30:9090/R

DF/VRP/Examples 

http://www.newOnto.org/105

4569311671 

http://sweet.jpl.nasa.gov/ont

ology/human_activities.owl 

http://lonely.org/russia 

http://calo.sri.com/core-plus-

office 

http://reliant.teknowledge.co

m/DAML/Geography.daml 

http://edge.cs.drexel.edu/as

semblies/ontologies/woolly/

2004/06/flows.owl 

http://mensa.sl.iupui.edu/ont

ology/BiologicalProcess.owl 

http://travel.org/russia 

http://www.mygrid.org.uk/ont

ology 

http://sweet.jpl.nasa.gov/ont

ology/phenomena.owl 

http://islab.hanyang.ac.kr/da

mls/Country.daml 

http://sweet.jpl.nasa.gov/ont

ology/biosphere.owl 

http://cohse.semanticweb.or

g/ontologies/people 

http://cvs.sourceforge.net/vi

ewcvs.py/meme/data 

http://www.owl-

ontologies.com/unnamed.o

wl 

http://cvs.sourceforge.net/vi

ewcvs.py/instancestore/insta

ncestore/ontologies/Attic/wi

nes.daml?rev=1.2 

http://mirrors.webthing.com/

view=Medium/www.w3.org/2

000/10/swap/test 

http://sweet.jpl.nasa.gov/ont

ology/process.owl 

http://www.daml.org/experim

ent/ontology/beta/infrastruct

ure-elements-ont 

http://mensa.sl.iupui.edu/ont

ology/BiologicalOntology.ow

l 

http://www.mondeca.com/ow

l/moses/ita.owl 

http://139.91.183.30:9090/R

DF/VRP/Examples/mgedont

ology.rdfs 

http://example.com/ontology

/food 

http://wow.sfsu.edu/ontology

/rich/EcologicalConcepts.ow

l 

http://www.daml.org/experim

ent/ontology/infrastructure-

elements-ont 

http://www.larflast.bas.bg/ont

ology 

http://www.lri.jur.uva.nl/~rinke

/aargh 

http://www.pizza-to-

go.org/ontology 

http://onto.cs.yale.edu:8080/

umls/UMLSinDAML/NET/SR

DEF 

http://www.csd.abdn.ac.uk/re

search/AgentCities/ontologi

es/beer 

http://www.aktors.org/ontolo

gy/portal 

http://www.daml.org/experim

ent/ontology/information-

elements-ont 

http://www.w3.org/2002/03o

wlt/I5.21/premises002 

http://hoersaal.kbs.uni-

hannover.de/rdf/java_ontolo

gy.rdf 

http://mensa.sl.iupui.edu/ont

ology/OMIM_input_details.o

wl 

http://purl.org/atom/ns 

http://www.csd.abdn.ac.uk/~

yzhang/test.rdfs 

http://www.wines.org/winevo

cabulary.xml 

urn:pizza-demo 

http://cvs.sourceforge.net/vi

ewcvs.py/biopax/biopax/xml/

owl/Attic/biopax-

level1.owl?rev=1.2 

http://homepages.inf.ed.ac.u

k/stephenp/OWL/BACKUPS

/ForecastOntology.owl 

http://loki.cae.drexel.edu/~w

bs/ontology/2004/04/model 

http://mirrors.webthing.com/

view=Asis/www.w3.org/TR/2

003/WD-owl-guide-

20030210/food.owl 

http://newOnto.org/f8ab84c7

e1 

http://sweet.jpl.nasa.gov/ont

ology/material_thing.owl 

http://sweet.jpl.nasa.gov/ont

ology/property.owl 

http://www.daml.org/experim

ent/ontology/beta/economic-

elements-ont 

http://139.91.183.30:9090/R

DF/VRP/Examples/metanet.

rdf 

http://139.91.183.30:9090/R

DF/VRP/Examples/Phenom

enon 

http://annotation.semanticwe

b.org/iswc/iswc.daml 

http://frot.org/space/0.1 

http://ontology.ihmc.us/CoS

AR-TS/Medical.owl 

http://www.coe.neu.edu/~rfe

ng/MIM3153/ont/pj_o.daml 

http://www.cwi.nl/~media/ns/I

WA/VideoGen.rdfs 

http://www710.univ-

lyon1.fr/~s-suwa02/MSch/sc 

http://139.91.183.30:9090/R

DF/VRP/Examples/imdb.rdf.

old 

http://139.91.183.30:9090/R

DF/VRP/Examples/LOM.rdf 

http://dickinson-i-

4/daml/tests/test-

cases.daml 

http://harth.org/2002/course 

http://mensa.sl.iupui.edu/ont

ology/GeneInfo.owl 

http://sweet.jpl.nasa.gov/ont

ology/earthrealm.owl 

http://www.iwi-

iuk.org/material/RDF/1.1/Sc

hema/Class/mn 

http://www.mindswap.org/20

03/owl/pet 

http://www.ontoprise.de/bizo

n/product 

http://139.91.183.30:9090/R

DF/VRP/Examples/CIDOC.r

df 

http://ebiquity.umbc.edu/v2.

1/ontology/person.owl 

http://mensa.sl.iupui.edu/ont

ology/EnzymeClassification.

owl 

http://protege.stanford.edu/p

lugins/owl/owl-library/tambis-

full.owl 

http://reliant.teknowledge.co

m/DAML/SUMO.owl 

http://www.biopax.org/releas

e/biopax-level1.owl 

http://www.cs.vu.nl/~karamkh

e/wbkr/ontology.owl 

http://www.ida.liu.se/~daele/

Ontubi.owl 

http://www.mindswap.org/20

03/owl/swint/terrorism 

http://www.mondeca.com/ow

l/document1_1.xml 

http://www.ontotext.com/kim/

2004/04kimo 

http://www.public.asu.edu/~p

nivargi/ppm/ontologies/med

1/MedicalOnt.rdfs 

http://www.w3.org/2001/vcar

d-rdf/3.0 

rdfs:Resource 

http://139.91.183.30:9090/R

DF/VRP/Examples/earthreal

m.rdf 

http://139.91.183.30:9090/R

DF/VRP/Examples/LOM_E

ducational.rdfs 

http://139.91.183.30:9090/R

DF/VRP/Examples/Mathem

atics_International.rdf 

http://139.91.183.30:9090/R

DF/VRP/Examples/Property

.rdf 

http://139.91.183.30:9090/R

DF/VRP/Examples/substan

ce.rdf 

http://a.com/TimeAndSpace 

http://daml.umbc.edu/ontolo

gies/cobra/0.4/academia 

http://media.iti.gr/iswc2004 

http://mensa.sl.iupui.edu/ont

ology/ProteinMutationInfo.o

wl 

http://ontologies.isx.com/ont

s/isx_basic_onts/isxlocusont

.daml 

http://potato.cs.man.ac.uk/on

tologies/booze 

http://protege.stanford.edu/s

wbp/books2.owl 

http://tap.stanford.edu/data 

http://www.co-

ode.org/ontologies/pizza/piz

za_20041007.owl 

http://www.daml.org/2002/04

/geonames/featureTypes.da

ml 

http://www.w3.org/TR/2003/

PR-owl-guide-

20031209/food 

http://coli.lili.uni-

bielefeld.de/~felix/lehre/ws0

4_05/ontologischeRessourc

en/beispiele/Government.o

wl 
http://edge.cs.drexel.edu/as

semblies/ontologies/woolly/

2003/10/core.owl 

http://edge.cs.drexel.edu/as

semblies/ontologies/woolly/

2003/10/functions.owl 

http://etri.re.kr/2003/10/Hyun

daiCar.owl 

http://iswc2004.semanticwe

b.org/ns 

http://meh/tourism1 

http://monet.nag.co.uk/algori

thm 

http://nbi.inf.fu-

berlin.de/research/swpatho/

owldata/immunhistology.owl 

http://nbi.inf.fu-

berlin.de/research/swpatho/

owldata/swpatho_space.owl 

http://orl01.drc.com/daml/On

tology/Genealogy/2.X/Gento

logy-ont-2.0v.daml 

http://protege.stanford.edu/p

lugins/owl/owl-library/ka.owl 

http://protege.stanford.edu/p

lugins/owl/owl-

library/koala.owl 

http://reliant.teknowledge.co

m/DAML/Communications.d

aml 

http://reliant.teknowledge.co

m/DAML/Economy.owl 

http://reliant.teknowledge.co

m/DAML/Government.daml 

http://reliant.teknowledge.co

m/DAML/Transportation.da

ml 

http://site.uottawa.ca/~mkhe

dr/FuzzyOnto 

http://sweet.jpl.nasa.gov/ont

ology/time.owl 

http://www.atl.lmco.com/proj

ects/ontology/ontologies/net

work/networkA.owl 

http://www.chimera39.essex.

ac.uk/delta.owl 

http://www.cs.helsinki.fi/arkis

tin/tktl 

http://www.cs.man.ac.uk/~ro

bertsa/daml-oil-

workshop/upper-

ontology.daml 

http://www.daml.org/experim

ent/ontology/economic-

elements-ont 

http://www.ksl.stanford.edu/p

rojects/Aquaint/AquaSumo.d

aml 

http://www.simondfraser.co.

uk/geo_ont.daml 

rdfs:Place 

dctype:Text 

file:/home/sofia/Ptyxiakh/file

s/ELS_Final/LOM.rdfs 

http://139.91.183.30:9090/R

DF/VRP/Examples/cld.rdf 

http://139.91.183.30:9090/R

DF/VRP/Examples/imdb.rdf 

http://139.91.183.30:9090/R

DF/VRP/Examples/ka2.rdf 

http://139.91.183.30:9090/R

DF/VRP/Examples/SWPG.r

dfs 

http://a.com/EcologicalConc

epts 

http://a.com/TaxonomicID 

http://co4.inrialpes.fr/align/C

ontest/223/onto.rdf 

http://cobra.umbc.edu/ont/2

004/05/ebiquity-geo 

http://daml.umbc.edu/ontolo

gies/cobra/0.4/space-basic 

http://daml.umbc.edu/ontolo

gies/webofbelief/Wob.owl 

http://dmag.upf.es/ontologie

s/2001/12/ipronto.daml 

http://ebiquity.umbc.edu/v2.

1/ontology/research.owl 

http://edge.cs.drexel.edu/as

semblies/ontologies/woolly/

2004/06/functions.owl 

http://lsdis.cs.uga.edu/proj/s

emdis/testbed/ 

http://mensa.sl.iupui.edu/ont

ology/BiologicalProcess_be

ta.owl 

http://moguntia.ucd.ie/owl/D

atatypes.owl 

http://newOnto.org/f8ab909

1da 

http://newOnto.org/f8b1660

84d 

http://opencyc.sourceforge.

net/daml/cyc.daml 

http://reliant.teknowledge.co

m/DAML/Geography.owl 

http://reliant.teknowledge.co

m/DAML/Mid-level-

ontology.owl 

http://semweb.mcdonaldbra

dley.com/OWL/TaxonomyM

apping/COI/NII/Taxonomy.o

wl 

http://studioddtonline.web.inf

oseek.co.jp/ns/aniota 

http://sweet.jpl.nasa.gov/ont

ology/data.owl 

http://sweet.jpl.nasa.gov/ont

ology/numerics.owl 

http://sweet.jpl.nasa.gov/ont

ology/space.owl 

http://wow.sfsu.edu/ontology

/rich/EcologicalNetworks.owl 

http://www.agent-

net.com/wsmm/data/artifact.

owl 

http://www.aktors.org/ontolo

gy/support 

http://www.atl.external.lmco.

com/projects/ontology/ontol

ogies/basketball_soccer/ba

sketball.daml 

http://www.cbil.upenn.edu/O

ntology/MGEDontology.rdfs 

http://www.combechem.org/

ontology/process 

http://www.csd.abdn.ac.uk/~

cmckenzi/playpen/rdf/locatio

ns.owl 

http://www.daml.org/services

/owl-s/1.0/Concepts.owl 

http://www.dayf.de/2004/owl/

beer.owl 

http://www.infres.enst.fr/~bdt

est/astres/astres.rdfs 

http://www.iwi-

iuk.org/material/RDF/1.1/Sc

hema/Class/scf 

http://www.kanzaki.com/ns/m

usic 

http://www.mindswap.org/20

04/SSSW04/akt-support-

ontology-latest.owl 

http://www.public.asu.edu/~p

nivargi/ppm/ontologies/Role

s.owl 

http://www.srdc.metu.edu.tr/

~yildiray/HW3.OWL 

http://www.w3.org/1999/02/2

2-rdf-syntax-ns 

http://www.w3.org/2002/07/o

wl 

http://www.w3.org/TR/2003/

PR-owl-guide-

20031209/wine 

http://www.wam.umd.edu/~k

atyn/CMSC828y/hw1/hw1.d

aml 

http://www.wam.umd.edu/~k

atyn/SemanticWebThesauri/

perry2.owl 

http://xmlns.com/foaf/0.1 

owl:Thing 

rdfs:Bag 

rdfs:Container 
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Conclusions

• Many ‘classic’ applications of SW technology use
ontologies to support the integration of distributed data
sources

– These applications are typically ‘semantically closed’

• As more and more semantic information becomes
available on the SW, researchers are also looking at
‘semantically open’ applications, able to exploit large
scale semantics to support intelligent problem solving

• This approach is being used in a number of other
scenarios, including:

– Semantic Web Browsing
– Question Answering
– Integration of Folksonomies with the SW
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