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Teaching Sources
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Teaching Sources

☛ Why No Textbook?

☛ Sources

✔ Papers from recent key conferences and journals

✔ A Semantic Web Primer (undergraduate level), MIT Press, 2004

✔ Handbook on Ontologies, Springer-Verlag, 2004

✔ Information Sharing on the Semantic Web, Springer-Verlags, 2005

http://mitpress.mit.edu/catalog/item/default.asp?ttype=2&tid=10140
http://www.springer.com/sgw/cda/frontpage/0,,3-170-22-14203710-0,00.html
http://www.springer.com/sgw/cda/frontpage/0,,1-146-22-29266705-detailsPage%253Dppmmedia%257CaboutThisBook%257CaboutThisBook,00.html


The World Wide Web (WWW)
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The World Wide Web (WWW)

☛ Information sharing space between readers and writers

☛ Separation of context and content (or form and content)

☛ On the current WWW (WWW 2.0), how the data, document, informa-
tion, knowledge, etc, are:

✔ indexed (or named)

✔ searched

✔ referred (or dereference)

✔ retrieved

✔ processed

✔ integrated

✔ inferred (or reasoned)



The Semantic Web
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The Semantic Web (conti.)

”The Semantic Web is an extension of the current web in which information
is given well-defined meaning, better enabling computers and people to
work in cooperation.”

–Tim Berners-Lee, James Hendler, Ora Lassila,

–The Semantic Web, Scientific American, May 2001



The Semantic Web (conti.)

☛ A new form of Web content that is meaningful to computers will unleash
a revolution of new possibilities.

☛ The Semantic Web will enable machines to comprehend semantic doc-
uments and data, not human speech and writings.

☛ The explicit representation of the semantics of data, accompanied with
domain theories (that is, ontologies), will enable a Web that provides a
qualitatively new level of service.

–Tim Berners-Lee, James Hendler, and Ora Lassila

–The Semantic Web, Scientific American, May 2001



Agents and the Semantic Web

The real power of the Semantic Web will be realized when people create
many programs that collect Web content from diverse sources, process the
information and exchange the results with other programs. The effective-
ness of such software agents will increase exponentially as more machine-
readable Web content and automated services (including other agents) be-
come available. · · ·

–Tim Berners-Lee, James Hendler, Ora Lassila,

–The Semantic Web, Scientific American, May 2001



Ontology = Taxonomies + Axioms

☛ An ontology is a formal, explicit specifications of a shared
conceptualization[Grub:93]:

✔ Formal refers to the fact that the ontology should be machine understandable.

✔ Explicit means that the type of concepts used and the constraints on their use
are explicitly defined.

✔ Shared reflects the notion that an ontology captures consensual knowledge, that
is, it is not restricted to some individual, but accepted by a group.

✔ Conceptualization refers to an abstract model of some phenomenon in the world

which identifies the relevant concepts of that phenomenon.



The Semantic Web

☛ Are there any incentives to introduce the Semantic Web?

☛ On the Semantic Web, how the data, document, information, knowl-
edge, etc, are (for both human and agent):

✔ indexed (or named)

✔ searched

✔ referred (or dereference)

✔ retrieved

✔ processed

✔ integrated

✔ inferred (or reasoned)



Current Status and Progress

Go To Talk Outline



W3C Current Status and Progress

The Semantic Web Wave

http://www.w3.org/2003/Talks/01-sweb-tbl/Overview-1.html


The Client/Server on the Semantic Web

☛ What the client (or browser) will be?

✔ Amaya

✔ Haystack

✔ Protege (+OWL+SWRL Editor)

✔ Piggy Bank

☛ What the web server will be?

✔ Jena2 (+JESS)

✔ Joseki

✔ KANO (The KArlsruhe ONtology)

see WWW2004 Semantic Web Roundup

http://www.w3.org/Amaya/
http://haystack.lcs.mit.edu/
http://protege.stanford.edu/
http://simile.mit.edu/piggy-bank/
http://www.hpl.hp.com/semweb/jena2.htm
http://www.joseki.org/
http://kaon.semanticweb.org/
http://www.xml.com/pub/a/2004/05/26/www2004.html


Well-Known Layer Cake In Depth

Go To Talk Outline



Well-Known Layer Cake (Before 2004) [Tim Berners-Lee]

http://www.w3.org/People/Berners-Lee/


Well-Known Layer Cake (2005 Version) [Tim Berners-Lee]

http://www.w3.org/People/Berners-Lee/
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The Ontology Language[Horr:03a]

☛ XML/XML Schema ⇐= Not an ontology language

☛ RDF/RDF-Schema ⇐= ontology language

☛ DAML/OIL ⇐= ontology language

☛ OWL (Web Ontology Language)⇐= DAML+OIL [Horr:03a] [⇐= ontology

language



The Ontology Language[Horr:03a] (conti.)

☛ OWL Ontology Language

✔ OWL Lite

✔ OWL DL (Description Logic)

✔ OWL Full (OWL DL + RDF(S)) ⊃ RDF(S)

☛ Why ontology language’s semantics are justifiable?

✔ RDF(S) uses RDF Model Theory (MT)

✔ OWL uses OWL Semantics

http://www.w3.org/TR/rdf-mt/
http://www.w3.org/TR/owl-semantics/


RDF and RDFS (RDF(S)) (Example) [Pan:03]



Model Theory for RDF(S) Semantics[Pan:03]



Model Theory for RDF(S) Semantics[Pan:03]



Ontologies in RDF(S) (Example) [Staa:01]



Ontologies in RDF(S) (Example)[Staa:01]



Ontologies in RDF(S) (Example)[Staa:01]



Expressive Power of the RDF(S)[Pan:03]

☛ RDF(S) includes the followings:

✔ Anyone can say anything about anything.

✔ RDFS has a non-standard and non-fixed layer metamodeling architecture, which
makes some elements in the model appear to have multiple roles.

✔ Properties can be defined between any two resources.

✔ Any resource can be an instance of any resource (including itself).



Limitations of the RDF(S)[Anto:03]

☛ RDF(S) excludes the followings:

✔ Local scope of properties

✔ Disjointness of classes

✔ Boolean combinations of classes

✔ Cardinality restrictions

✔ Special characteristics of properties, such as transitive, unique,

inverse, etc



RDF(S) vs. OWL [Horr:03a]

☛ The major extension of OWL over RDFS is the ability in OWL to provide
restrictions on how properties behave that are local to a class:

✔ Define classes with property is restricted so that all the values for the property in
instances of class must belong to a certain class (or datatype);

✔ At least one (or certain) value(s) must come from a certain class (or datatype);

✔ At least or at most a certain number of distinct values.



RDF(S) vs. OWL (Example)[Horr:03a]

☛ Example using RDFS:

✔ declare classes like Country, Person, Student, and Canadian;

✔ state that Student is a subclass of Person;

✔ state that Canada and England are both instances of the class Country;

✔ declare Nationality as a property relating the classes Person (its domain) and
Country (its range);

✔ state that age is a property; with Person as its domain and integer as its range;

✔ state that Peter is an instance of the class Canadian, and that his age has value

48.



RDF(S) vs. OWL (Example)[Horr:03a]

☛ OWL we can additionally have:

✔ state that Country and Person are disjoint classes;

✔ state that Canada and England are distinct individuals;

✔ state HasCitizen as the inverse property of Nationality;

✔ state that the class Stateless is defined precisely as those members of the class
Person that have no values for the property Nationality;

✔ state that the class MultipleNationals is defined precisely as those members of
the class Person that have at least 2 values for the property Nationality;

✔ state that the class Canadian is defined precisely as those members of the class
Person that have Canada as a value of the property Nationality;

✔ state that age is a functional property.



Query The Ontology
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Ontology Query Language

☛ XQuery ⇐= Not an ontology query language

☛ RDF(S) ontology query languages

✔ SPARQL (including SPARQL Protocol) ⇐= (W3C Standard)

✔ RQL, SeRQL, RDQL

✔ Triple, N3, Versa

☛ OWL-QL (D-QL) ⇐= OWL ontology query language

http://www.w3.org/TR/2004/WD-rdf-sparql-query-20041012/
http://www.w3.org/TR/rdf-sparql-protocol/


Usecases for RDF Query Language [Haas:04]

☛ Usecases for the querying of RDF data:

✔ Graph Matching:path expressions, optional path expressions

✔ Relational Algebraic Operations: selection, projection, cartesian product set union, set difference

✔ Aggregation and Grouping

✔ Recursion

✔ Reification

✔ Collections and Containers

✔ Namespaces

✔ Language

✔ Literals and Datatypes

✔ Entailment





SPARQL Query Language for RDF [McCa:05]



SPARQL Query Language for RDF [McCa:05]



SPARQL Query Language for RDF [McCa:05]



SPARQL Query Language for RDF [McCa:05]



SPARQL Query Language for RDF [McCa:05]



SPARQL Query Language for RDF [McCa:05]

RDF Dataset Source: PlanetRDF

http://planetrdf.com/


The Rule Language
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The Rule Language (Standardization)

☛ Ontology Language for Ontology vs. (or complementary)
Rule Language for Policy

☛ Description Logic Programs (DLP)

☛ Rule Language Standardization

✔ Rule Markup Language (RuleML); pioneer researcher: Benjamin Grosof

✔ Semantic Web Rule Language (SWRL)

✔ TRIPLE

✔ Semantic Web Service Language (SWSL)-Rules(or -FOL)

✔ Web Service Modelling Language (WSML)-Rule(or -DL)

✔ Notation 3 (N3)

http://www.w3.org/2004/12/rules-ws/report/
http://www.w3.org/2004/12/rules-ws/report/
http://www.ruleml.org/
http://ebusiness.mit.edu/bgrosof/
http://www.daml.org/2003/11/swrl/
http://triple.semanticweb.org/
http://www.daml.org/services/swsf/1.0/swsl/
http://www.wsmo.org/wsml/
http://www.w3.org/DesignIssues/Notation3.html


Description Logic Programs (DLP) [Gros:03]



The Semantic Web Services
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The Semantic Web Services [Syca:03]

A Semantic Web service is a Web service whose description is in a lan-
guage that has well-defined semantics. It is unambiguously computer in-
terpretable, and facilitates maximal automation and dynamism in Web ser-
vice discovery, selection, composition, negotiation, invocation, monitoring,
management, recovery and compensation.



The Semantic Web Services (conti.)

☛ Semantic Web Service (SWS) overlay (or embed) Services Oriented
Architecture (SOA)

☛ What (Where) are the incentives to apply semantic on the existing web
services, such as WSDL, UDDI, BPEL4WS, etc?

☛ Where do we put the semantics (ontologies)to enhance the web
services[Siva:03]?

✔ Description Layer (WSDL): services grounding semantics

✔ Publish and Discovery Layer (UDDI): capabilities matching semantics

✔ Flow Layer (BPEF4WS): execution semantics



The Semantic Web Services (conti.) [Syca:03]

☛ The current Web services infrastructure focuses on syntactic interop-
erability, such as SOAP, WSDL, UDDI, WSCI, and BPEL4WS.

☛ Semantic interoperability is crucial for Web services.

☛ The semantic Web and Web services are synergistic: the Semantic
Web transforms the Web into a repository of computer readable data,
while Web services provide the tools for the automatic use of that data.



Research
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General Research Sources

☛ Conferences

✔ World Wide Web (WWW)

✔ International Semantic Web Conference (ISWC)

✔ European Semantic Web Conference (ESWC)

✔ Web Intelligence (WI)

✔ Asia Pacific Web Conference (APWeb)

http://www2006.org
http://lsdis.cs.uga.edu/iswc06/
http://www.eswc2005.org/
http://www.hds.utc.fr/WI05/
http://www.itee.uq.edu.au/~apweb06/


General Research Sources (conti.)

☛ Journals

✔ Journal of Web Semantics: Science, Services and Agents on the World Wide Web

✔ International Journal on Semantic Web and Information Systems

✔ International Journal of Metadata, Semantics and Ontologies

✔ Knowledge and Information Systems

✔ IEEE Transactions on Knowledge and Data Engineering

☛ Other: AIS Special Interest Group on Semantic Web and Information Systems (SIGMIS)

http://www.elsevier.com/wps/find/journaldescription.cws_home/671322/description?navopenmenu=-2
http://www.idea-group.com/journals/details.asp?id=4625
http://www.inderscience.com/browse/index.php?journalCODE=ijmso
http://www.cs.uvm.edu/~kais/
http://www.computer.org/portal/site/transactions/menuitem.a66ec5ba52117764cfe79d108bcd45f3/index.jsp?&pName=tkde_home& 
http://www.sigsemis.org/


Trusted Semantic Web Management
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Trusted Semantic Web Management: Research Issues

☛ iTrust Conference for Social Network’s Trust, Recommendation, Repu-
tation:

✔ iTrust2005

✔ iTrust2004

✔ iTrust2003

http://www-rocq.inria.fr/arles/events/iTrust2005/
http://www.trustmanagement.cclrc.ac.uk/
http://www.itrust.uoc.gr/conf2/


Trusted Semantic Web Management: Research Issues
(conti.)

☛ Research Sources and Papers:

✔ Semantic Web Trust and Security Resource Guide

✔ TriQL.P - Trust Architecture

✔ The Semantic Web Trust Layer

✔ Framework for Security and Trust Standard

✔ Creating a Policy-Aware Web: Discretionary, Rule-based Access for the World Wide Web,
Web and Information Security, Idea Group.

✔ Trust Network-Based Filtering of Aggregated Claims, ISWC04, IJMSO05.

✔ Named Graphs, Provenance and Trust, WWW05.

✔ Ontology-Based Policy Specification and Management, ESWC05.

✔ Trust Strategies for the Semantic Web, ISWC04.

✔ Trust Management for the Semantic Web, ISWC03.

http://www.wiwiss.fu-berlin.de/suhl/bizer/SWTSGuide/
http://www.wiwiss.fu-berlin.de/suhl/bizer/TriQLP/
http://www.wiwiss.fu-berlin.de/suhl/bizer/pub/CarrollBizer-Trust-WWW2004-DevDay.pdf
http://www.ninebynine.org/SWAD-E/Security-formats.html
http://www.w3.org/2004/09/Policy-Aware-Web-acl.pdf
http://trust.mindswap.org/papers/ijmso.pdf
http://www2005.org/cdrom/docs/p613.pdf
http://www.l3s.de/~olmedilla/pub/ontoESWC05.pdf
http://trust.mindswap.org/trustWorkshop/papers/11-f.pdf
http://research.microsoft.com/users/mattri/papers/iswc2003/iswc2003.pdf


Trusted Semantic Web Management: Research Issues
(conti.)

☛ Issues Consideration:

✔ Social Network vs. Certification Theory

✔ Trust Justification based on Evidences

✔ Trust for Information Provenance and Dissemination

✔ Context Trust vs. Content Trust

✔ Ontology and Policy for Trust Management

☛ Current Study: Trusted Semantic Blog (or Forum)



Combining Ontology and Policy
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Combining Ontology and Policy: Research Issues

☛ Issues Consideration:

✔ Ontology Language for Ontology vs. Rule Language for Policy

✔ Possible Applicable Domains Investigation, such as Semantic Web Services, DRM

☛ Current Study:

✔ Digital Rights Management (DRM) for P2P Content Distribution Network

✔ Semantic Some Rights Representation and Delegation for

Creative Commons (CC) Information Sharing



The Semantic Web Services
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The Semantic Web Services: Research Issues

☛ Standard Infrastructure, Ontology, Language, and Applications

☛ Research Sources fro Two Main Camps:

✔ USA for SWSF: SWSF, SWSL(SWSL-FOL, SWSL-Rules), SWSO((SWSO-FOL(FLOWS),
SWSO-Rules(ROWS))

✔ EU for WSMF: WSMF, WSMO, WSML (WSML-DL, WSML-Rule), WSMX

✔ Other:OWL-S ⇐= DAML-S

http://www.daml.org/services/swsf/1.0/overview/
http://www.wsmo.org
http://www.w3.org/Submission/OWL-S/


The Semantic Web Services: Research Issues (conti.)

☛ Issues Consideration:

✔ What Incentives for Semantics? (Semi)-Automatic Services Description, Requesting, Discovery,
Matching, Engagement, and Execution

✔ Semantics Overlay vs. Semantics Embedded over SOA

✔ Research focus on All-in-One, Single Issue, or Applications

☛ Current Study: Trusted Semantic Web Services Selection



Semantic Overlay P2P Network

Go To Talk Outline



Semantic Overlay P2P Network: Research Issues

☛ Research Sources and Papers:

✔ Semantic Web and P2P (SWAP)

✔ RDFPeers: A Scalable Distributed RDF Repository based on A Structured Peer-to-Peer Network,
WWW04

✔ Super-Peer-Based Routing and Clustering Strategies for RDF-Based Peer-to-Peer Networks,
WWW03

✔ Semantic Overlay Networks for P2P Systems, Stanford Univ.

✔ A Metadata Model for Semantics-Based Peer-to-Peer Systems, SemPGRID03

✔ Design Issues and Challenges: for RDF- and Schema-Based Peer-to-Peer Systems,

SIGMOD Record, Vol. 32, No. 3, Sep. 2003

http://swap.semanticweb.org/public/theproject.htm
http://portal.acm.org/citation.cfm?id=988760
http://citeseer.ist.psu.edu/569523.html
http://www-db.stanford.edu/~crespo/publications/op2p.pdf
http://citeseer.ist.psu.edu/broekstra03metadata.html
http://citeseer.ist.psu.edu/nejdl03design.html


Semantic Overlay P2P Network: Research Issues (conti.)

☛ Issues Consideration:

✔ P2P Topology Selection? Unstructured, Structured (DHT)

✔ URI and Protocols over P2P Network? HTTP, JXTA, AJAX

✔ Semantic Schema Overlay Issues? What, How, and Where for indices binding

✔ The Incentives of Semantic Overlay?

✔ Experiment for Field Trial Testbed? PlanetLab

☛ Current Study: RDF(S)-Based Music Recommendation Systems for Super Peer P2P Networks

http://www.planet-lab.org/
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