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O Introduction
= Why do we need the Semantic Web?
= What is the Semantic Web?
= How the Semantic Web Will Be Possible?
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Reality of Information Age

O We produce 1 ExaByte of Information per year
= Source: Stanford University Study

O 60% of programming time is wasted on extracting and movin
g data from point A to point B
= Source: Gartner Group Study

O 50% of world economy depends on Office Work manipulating
data by hand

= Source: MIT research
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The Need for the Semantic Web

O Knowledge Management
= Searching information
= Extracting information
= Maintenance
= Automatic document generation

O Web Commerce
= Limitation of traditional shopbots
= Meta-online stores using standard representation formalisms
= Semantic mappings translate different formats representing products

O E-Business

= Rich modeling primitives need to be defined for defining, mapping, and
exchanging product data

= Standard conceptualization of various business areas

= Efficient translation services are needed for the communication between
business partners
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The Semantic Web

O “The Semantic Web
1S not a separate Web
but an extension of the
current one, in which
information
1s given well-defined
meaning,
better enabling computers
and people to work in
cooperation”

Source: Scientific American: The Semantic Web
TIM BERNERS-LEE, JAMES HENDLER and ORA LASSILA
http://www.sciam.com/2001/0501issue/0501berners-lee.html
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The Semantic Web

O “The Semantic Web
will enable machines
to COMPREHEND
semantic documents
and data, not human
speech and writings.”

Source: Scientific American: The Semantic Web
TIM BERNERS-LEE, JAMES HENDLER and ORA LASSILA
http://www.sciam.com/2001/0501issue/0501berners-lee.html
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The Evolving Web

O “The Semantic Web is a web of data, in some ways like a global
database.” by Tim Berners-Lee

Resource

* Very little information available

I

Semantic Web Tutorial, KRnet 2003

Software

dependsOn dependsOn

A\ 4

href

href subject
A
Subject

generated

locatedIn

Y

* More information available

More Intelligent Knowleadge Exchange




How the Semantic Web Will Be Possible

O Languages
= Formal Syntax and Formal Semantics
= Real world semantics 2 “Ontologies”

O Tools
= Ontology builders and browsers
= Ontology integration tools
= Semantic annotators
= Reasoners

O Applications
= Knowledge management systems
= Natural language search engines
= E-Commerce
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The 3 cornerstones of the Semantic Web
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Future Trends of Markup Languages
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Approaches for the Semantic Web

O Centralized
= Easier to manage on a small scale (one company)
= Hard to get agreements between corporations
= Cannot scale to the size of a global knowledge base

O Decentralized — _
= Distributed, but fully connected Semantic
= Common denominator approach ~— Web
= Some fuzziness allowed to achieve versatility |
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O Representations in the Semantic Web
= Meaning
= Knowledge
= Ontology
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Definition of Re—presentation

O A relationship between two domains where the first is meant to
“stand for’ the second.

O The first domain, the represneter, is more concrete, immediate,
or accessible in some way than the second.

O The most popular type of representer is a formal symbol so
that it can be machine—-processable.
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Meaning and Human Communication
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Meaning and Human Communication
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Human and Machine

communication

[Maedche et al., 2002]
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Knowledge Representation

O Proposition

= “Hong-Gee knows that@’ Proposition
= An abstract entity that can be true or false

O Belief (or Knowledge)
= A collection of propositions held by an agent to be true
= Represents different possible ways the world could be

O Knowledge Representation
= The field of study within Al

= Concerned with using formal symbols to represent a collection of
propositions believed by some agents

O Reasoning

= The formal manipulation of the symbols representing a collection
of believed propositions to produce representations of new ones
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Two Approaches to Knowledge Representation

O Logic—-based representations
= Motivated from First-Order Predicate Calculus
= Reasoning amounts to verifying logical consequence

= Rigorous mathematical notions that unambiguously capture facts
about the world.

O Non-logic based representations
= Motivated from cognitive intuitions

= Ad hoc data structure, and ad hoc reasoning procedures that
manipulate the structures

= Practical tools to describe the world — easy representation and
efficient reasoning

= But lack of precise semantic characterization
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Ontology Representation

O A general logical theory constituted by a vocabulary

O A set of statements about a domain of interest in some logic
language

O The specification of conceptualizations, used to help programs
and humans share knowledge

O An agreed—-upon vocabulary for exchanging information

O The working model of entities and interactions in some
particular domain of knowledge or practices, such as electronic
commerce
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Ontology versus Knowledge Base

O Ontology
= A general logical theory
M The general conceptual structures of a domain of interest

= A set of intensional logical statements

= Mostly developed during the setting up of an ontology-based
systems

O Knowledge base

= A theory of particular circumstances
M The specification of a given state of affairs

= A set of extensional statements
= The facts in a knowledge base may be constantly changing
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Ontology as Knowledge Lego

gene
hand protein
extremity cell
expression
body P
chronic Lung
inflammation
L infection
abnormal bacterial
normal

ischaemic delar polymorphism
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Knowledge Lego:

[Rector, 2002]

“"SNPolymorphism of CFTRGene causing Defect in MembraneTransport
of Chloridelon causing Increase in Viscosity of Mucus in
CysticFibrosis...”

“"Hand which is
anatomically
normal”
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Information Retrieval Using Ontologies

Resource

http://www.aphis.usda.gov/oa/pubs/
qafmd301.htmi
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A
m FMD(Foot and Mouth Disease), Animal
Metadata Welfare Information Center
A

s

Ontology

FMD is caused by an RNA virus.Kanghwado
is located in Gyeonggi, South Korea.

esou
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Ontological Representation

A matter of rigour and representational expressivity

O Lightweight O Heavyweight
The basic building blocks are A small set of constructs for complex structures
= Metaclasses
= Type constraints on relations
= Cardinality constraints
= Taxonomy of relations
= Reified statements
Implicit knowledge can be inferred automatically
= AXioms
= Semantic entailments
= Inference systems

= Concepts, atomic types
= Relationships between concepts
= Is-a hierarchy

Semantic Web Tutorial, KRnet 2003 27



Kinds of Ontologies

Structured Description
Glossaries Logics
XML (DAML+OIL)
Schema
08
Schema

Formal
Taxonomies

Expressivity

ad hoc
Hierarchies
(Yahoo!)

Frames
(OKBC)

‘ordinary’
Glossaries

Principled,
informal

Data hierarchies

General
Logic

Dictionaries
(EDI)

Semantic Web Tutorial, KRnet 2003 28



O Languages
= Language requirements
= Layer language model for WWW
= XML
= RDF & RDFS
= DAML+OIL
= OWL
= Topic MAPS
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Languages for the Semantic Web

O Should provide formal syntax and formal semantics to enable
automated processing of the contents

O Should provide standardized vocabulary referring to real-world
semantics so that machine and human agents can share
information and knowledge = Ontology
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Ontology Language Requirement

O Universal Expressivity

= The data format should have enough expressive power to express
any form of data.

O Syntactic Interoperability
= The data should be easily readable by applications (or parsers).

= The representation of the data should be easily exploited by
(queries).

O Semantic Interoperability
= The machine can understand the meaning of the data.
= Unknown terms can be defined by known terms.
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Ontology Languages

1st generation web language
. for Data Display (HTML)

2"d generation web language (current) We'l_\?D'-Fj'gguages
. for Data Description XML

(XML, XML Schema) ..
Next generation web language DA?),I\II_V+LOIL

. for Data Definition OlL |

( RDFS, DAML+OIL, OWL) Frame Systems Formal Foundatio

Description Logig

FACT, CLASSIC, DLE

Deborah McGuinness, NSF/NCAR October 30, 2002
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History of Ontology Languages

O RDF(S)
= Developed by W3C (1999, 02)

O Ontology Inference Layer : OIL
= Developed by group of European researchers (2000, 01)

O DAML Ontology Language : DAML-ONT
= Developed by US researchers working in DAML program (2000, 10)

O Effort merged in DAML+ OIL
= Developed by EU/US joint committee (2000, 12)

O W3C Web Ontology group : OWL
= W3C standard based on DAML+OIL (2002, 02)
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Three Layered Architecture of the Semantic Web

Logical Layer

- Formal Semantics

- Reasoning support

- Heavyweight ontologies

Higher
Semantics

Schema Layer
- Definiti f Vocabul
el e e RDF Schema

DAML+OIL, OWL

Data Layer
- Simple data model and syntax
For metadata

- RDF : Instances

Structure &
Syntax
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XML 1s not enough for SI

O Do not impose a common interpretation of the data

O Only feasible for closed collaboration
O The intended meaning of different elements is implicit

<class—def>
<name>carnivore</name>
<slot—constraint>
<name>is—kind—-of</name>
<has-value>animal</has—value>
</slot—constraint>
</class—def>
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RDF 1is not enough
O RDF consists of two parts — ——
1. RDF Model (a set of triples) @’@

2. RDF Syntax (different
) s:Creator
= RDF a small set of modelling primitives !
+ syntax .
. ) Hong-Gee Kim
= RDF does not commit to a domain
vocabulary
O RDF Schema for definition of Vocabulari
es (simple Ontologies) for RDF Triples
O RDF/RDFS is only a very weak semantic Resource (subject)
interpretation http:// WWW. ontology.or.
. . kr/hgkim.htm
O RDF/RDFS is not an inference model ; ——
. . . roper redicate
O Cannot express (limited semantics) htt[f: //t\,?,lww?schema_org
Class-def defined herbivore /#Creator
subclass-of animal, NOT carnivore Value (object) “Hong-
Gee Kim”
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RDF(S) Example

RDF Document

<?xml version="1.0' encoding="1SO-8859-1'?>

<IDOCTYPE rdf:RDF [
<IENTITY rdf 'http://www.w3.0rg/1999/02/22-rdf-syntax-ns#'>
<IENTITY mv 'http://protege.stanford.edu/mv#'>

1>

<rdf: RDF xmlns rdf="&rdf;"

<mv:Person rdf:about="&mv;test3 04"
mv:name="0ra Lassila"/>

</rdf:RDF>
<Rr(EI)f|s:'§Iass rdf:about="&mv;MotorVehicle"> <rfs:Class rdf-about="Rmy: Truck"™>
<rdfs:subClassOf rdf:resource="&rdfs;Resource"/> ||| <rdfs:subClassOf idi e="&mv;MotorVehicle"/>

</rdfs:Class>

—<reifs-Classrafabott="mvrerson"

<rdfs:subClassOf rdf:resource="&rdfs;Resource"/>
</rdfs:Class>

a: maxCardlnallty—"l">
<rdfs:domain rdf:resource="&mv:MotorVehicle"/>

<rdfs:range rdf:resource="&mv;Person"/>

37
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Limit of RDFS

O Severely lacking in expressive power
= Domain and range constraints rather than Value-Type
M E.g., can’t define class of people all of whose children are male

= No cardinality constraints
M Particularly important for “exactly 1” and “at most 1”

= No decompositions
M Particularly important for “disjoint” and “exhaustive”

= No axioms, No negation

O Not useful for checking consistency

E.g., can’t prove an object is not an instance of a class

O More powerful ontology representation languages are needed.
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DAML+ OIL as an extension of RDF(S)

DAML+OIL

f RDF(S)

class—def
subclass—of
slot—def
subslot—-of
domain
range

(¥

>

)

class—expressions
: AND, OR, NOT

slot—constraints
. has—value, value—-type
cardinality etc

slot—properties
. transitive, symmetric etc

data—type
. string, Integer

Semantic Web Tutorial, KRnet 2003
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Example of DAML+OIL

Class-def <rdfs:Class rdf:ID=“White-van—-man” >
defined White-van-man <rdfs:subClassOf>
subclass—of Man <rdfs:Class
slot—constraint drives rdf:about="“Aggressive—driver”/>
has-values White—van </rdfs:subClassOf>
</rdfs:Class>
covered White-van—man by <rdfs:Class rdf:about=“White-wan—-man”>

Aggressive—driver <daml:sameClassAs>

<rdfs:Class>
<daml:intersectionOf>
<rdfs:Class rdf:about=“man”/>

Class—def
primitive White—-van—man

equivalent <daml:Restriction>
White—-van—-man <daml:onProperty
(Man and rdf:resource=“drives”/>
slot—constraint drives has— <daml:hasClass
values White—van)) rdf:resources=“White-van”/>
</daml:Restriction>
covered White-van—man by </daml:intersectionOf>

Aggressive—driver </rdfs:Class></...></rdfs:Class>
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DAML+ OIL/OWL

O Syntax = Extension of RDFS
= constraints on properties: exists, forall, cardinality
= equivalence, disjointness, covering
= necessary and sufficient condition

O Semantics
= The model theory is based on Description Logic

O Instance Date
= RDF is used for class/property membership assertions.

O Data types
= Using the full range of XML Schema data types

O Machine Understanding and Automated Reasoning
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DAML+ OIL language structure

O Header
O Class elements
O Property elements

O Instances

O zero or more headers followed by zero or more class elements,
property elements, instances.
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= daml:Ontology contains versioninfo, comment, imports elements

<Ontology rdf:about="">
<versionlnfo>
$Id: NOTE-daml+ oil-reference-20011218.html,v 1.6 2001/12/18
22:12:09 connolly Exp $
</versionlnfo>
<rdfs:comment>An example ontology</rdfs:comment>

<imports rdf:resource="http://www.w3.0rg/2001/10/daml+ oil"/>
</Ontology>

Semantic Web Tutorial, KRnet 2003 43



Class Elements (1)

O Disjointness
= daml:disjointWith, daml:disjointUnionOf

O Equality
= daml:sameClassAs, daml:equivalentTo

O Boolean combinations of class expressions
= daml:intersectionOf, daml:unionOf, daml:complementOf

O Enumeration elements
= daml:oneOf
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Class Elements (2)

O Property Restrictions
= Cardinality restrictions
M daml:cardinality, daml:maxCardinality, daml:minCardinality
M daml:cardinalityQ, daml:maxCardinalityQ, daml:minCardinalityQ

= Value restrictions
M daml:toClasss, daml:hasValue, daml:hasClass
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Property Elements

O daml:samePropertyAs

O daml:equivalentTo

O daml:inverseOf

O dami:transitiveProperty

O daml:uniqueProperty

O daml:unambigousProperty
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Instances

Examples of Instances

<continent rdf:ID="Asia"/>

<rdf:Description rdf:ID="Asia">
<rdf:type>
<rdfs:Class rdf:about="#continent"/>
</rdf:type>
</rdf:Description>

<rdf:Description rdf:ID="India">
<is_part_of rdf:resource="#Asia"/>
</rdf:Description>
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DAML+ OIL is not enough

0 semantics is too weak

0 malformed restrictions

0 unsuitable named element

Semantic Web Tutorial, KRnet 2003
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OWL

O OWL (Web Ontology Language)

= Web ontology language developed by W3C

= Reversion of DAML+OIL

= Based on Description Logic

= Perform reasoning task

= Adds more vocabularies for describing properties and classes
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Three sublanguages of OWL

O OWL Lite
= Subset of DL

= light-weight 8 ontology 0l & &

O OWL DL
= Support Description Logic segment
= Has properties for reasoning systems
= heavy-weight8t ontology 0l & &

O OWL Full
= Union of OWL and RDFS
= Allow free mixing of OWL with RDF Schema
= Not enforce a strict separation of classes, properties, individuals

O OWL Lite © DL C Full
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OWL Lite Constructions (1)

O RDF Schema Features: m (In)Equality
= Class :
“ rdf:Property = equivalentClass
= rdfs:subClassOf N equivalentProperty
= rdfs:subPropertyOf » samelndividualAs
= rdfs:domain
= rdfs:range m differentFrom
= Individual

m allDifferent

O Header Information
= imports
= versioninfo
= priorVersion
= backwardCompatibleWith
= incompatibleWith
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Examples of (In)Equality

= owl:equivalentClass

<owl:Class rdf:about="#US President">
<owl:equivalentClass

rdf:resource="#PrincipalResidentOfWhiteHouse" />
</owl:Class>

» owl:equivalentProperty

haslLeader
. haslLeader, hasHead equivalentProperty, X )
hasHead

= owl:samelndividualAs
- used to create different names that refer to the same individual

IndividualA
< Hong-Gee > samelndividua s:< Kim, H-G >

» owl:differentFrom

- Frank is differentFom Deborah
- HAIGHA 2 2 HAH reasoner= BFE Al CHE individual 0| 2t 11 =236t X|

v v

e
0/0
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OWL Lite Constructions (2)

Property Type Restricted Cardinality
Restrictions: - minCardinality (only O or 1)
s allValuesFrom - maxCardinality(only O or 1)
m someValuesFrom — cardinality (only O or 1)
Class Intersection m Property Characteristics:
m intersectionOf s inverseOf

m transitiveProperty
Datatypes = symmetricProperty

m functionalPropety

m InverseFunctionalProperty
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Examples of Property type restrictions (1)

= owl:allValuesFrom

<owl:Restriction>
<owl:onProperty rdf:resource="#hasParent" />

<owl:allValuesFrom rdf:resource="#Human" />
</owl:Restriction>

- e

Y= 25 Human

» owl:someValuesFrom : 22 = M| & 8 H2 Physician 0IC}.

<owl:Restriction>
<owl:onProperty rdf:resource="#hasParent" />

<owl:someValuesFrom rdf:resource="#Physician"/>
</owl:Restriction>
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Examples of Property type restrictions (2)

= owl:inverseOf

If hasChild inverseOf hasParent and Deborah hasParent Louise
then Louise hasChild Deborah

= owl:transitiveProperty

If pair(X,Y), pair(Y,Z) are instances of transitive property P,
then pair(X,2) is also instance of P

» owl:symmetricProperty

If pair(X,Y) is an instance of P, then pair(Y,X) is also instance of P
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OWL DL, Full constructions

O Class Axioms:
= oneOf
= disjointWith
= equivalentClass
(applied to class expressions)

= rdfs:subClassOf

(applied to class expressions)

O Arbitrary Cardinality:
= minCardinality
= maxCardinality
= cardinality

Semantic Web Tutorial, KRnet 2003

Boolean Combinations
of Class Expressions:
— unionOf

— IntersectionOf

- complementOf

Filler Information:
— hasValue
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Changes from DAML+ OIL to OWL (1)

= cyclic subclasses are allowed

= multiple rdfs:domain and rdfs:range properties are handled as
intersection

= rdf:parseType=“daml:collection” - rdf:parseType=“Collection”

= not support using datatypes as types
- <size>
<xsd:integer rdf:value=“10"/>

</size>
Instead use
— <size rdf:datatype=“&xsd;integer”>10</size>
= qualified restrictions removed
M daml:cardinalityQ
M daml:hasClassQ
= daml:maxCardinalityQ

= owl:symmetricProperty added " 9@miminCardinalityQ
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Changes from DAML+ OIL to OWL (2)

O properties and clasess renamed

DAML+ OIL

OWL

daml:differentIndividualFrom

owl:differentFrom

daml:equivalentTo

owl:sameAs

daml:sameClassAs

owl:equivalentClass

daml:samePropertyAs

owl:equivalentProperty

daml:hasClass

owl:someValuesFrom

daml:sameClassAs

owl:equivalentClass

daml:samePropertyAs

owl:equivalentProperty

daml:toClass

owl:allValuesFrom

daml:UnambiguousProperty

owl:InverseFunctionalProperty

daml:UniqueProperty

owl:FunctionProperty

Semantic Web Tutorial, KRnet 2003
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OWL Header

<rdf:RDF
xmlns = "http://www.example.org/wine#"
xmlns:owl = "http://www.w3.0rg/2002/07/owl#"
xmlns:rdf = "http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs= "http://www.w3.0rg/2000/01/rdf-schema#"
xmlns:xsd = "http://www.w3.0rg/2000/10/XMLSchema#">

<owl:Ontology rdf:about="http://www.example.org/wine.owl">
<rdfs:comment>An example OWL ontology</rdfs:comment>
<owl:imports rdf:resource="http://www.example.org/food.owl" />
</owl:Ontology>

O rdf:about =“” : current document

O owl:import
= if Aimports B, and B imports C - A imports B, C
= if Aimports B, an d B imports A = equivalent
= Lite imports DL or Full = becomes an DL or Full
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Classes Description (1)

O owlintersectionOf
= links a class to a list of class description
= represent the “AND”

<owl:Class rdf:ID="Adult">
<owl:intersectionOf rdf:parseType="Collection">
<owl:Class rdf:about="#Person"/>
<owl:restriction>
<owl:onProperty rdf:resource="#age"/>
<owl :someValuesFrom
df :resource="http://www.w3.0rg/TR/QQ/owl-ex-dt#overl7" />
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>

Adult = Person [0 3 age.overl’/
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Classes Description (2)

O owl unionOf
= links a class to a list of class description
= represent the “OR”

<owl:Class>
<owl:unionOf rdf:parseType="Collection">
<owl:Class>
<owl:oneOf rdf:parseType="Collection">
<owl:Thing rdf:about="#Tosca" />
<owl:Thing rdf:about="#Salome" />
</owl:oneOf>
</owl:Class>
<owl:Class>
<owl:oneOf rdf:parseType="Collection">
<owl:Thing rdf:about="#Turandot" />
<owl:Thing rdf:about="#Tosca" />
</owl:oneOf>
</owl:Class>
</owl:unionOf>
</owl:Class>
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Classes Description (3)

O owl-.complementOf
= represent the “NOT”
= example express “neither meat nor fish”

<owl:Class>
<owl:complementOf>
<owl:Class>
<owl :unionOf rdf:parseType="Collection">
<owl:Class rdf:about="#Meat"/>
<owl:Class rdf:about="#Fish" />
</owl:unionOf>
</owl:Class>
</owl:complementOf>
</owl:Class>

- (Meat U Fish)
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Classes Description (4)

O WhiteWine N hasSugar.(Dry U OffDry)

<owl:Class rdf:ID="WhiteNonSweetWine">
<owl:intersectionOf rdf:parseType="Collection">
<owl:Class rdf:about="#WhiteWine" />
<owl:Restriction>
<owl:onProperty rdf:resource="#hasSugar" />
<owl:allValuesFrom>
<owl:Class>
<owl :oneOf rdf:parseType="Collection">
<owl:Item rdf:resource="#Dry" />
<owl:Item rdf:resource="#0ffDry" />
</owl:oneOf>
</owl:Class>
</owl:allValuesFrom>
</owl:Restriction>
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Properties (1)

O owlinverseOf

<owl:0ObjectProperty rdf:ID=“hasChild”>
<owl:inverseOf rdf:resource=“#hasParent”/>
</owl:0bjectProperty>

O ow/ ' FunctionalProperty

<owl:FunctionalProperty rdf:ID="husband">
<rdfs:domain rdf:resource="#Woman" />
<rdfs:range rdf:resource="#Man" />

</owl:FunctionalProperty>

<owl:0bjectProperty rdf:ID="husband">
<rdf:type rdf:resource="&owl; FunctionalProperty" />
<rdfs:domain rdf:resource="#Woman" />
<rdfs:range rdf:resource="#Man" />
</owl:0bjectProperty>
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Properties (2)

O owl:-TransitiveProperty

<owl:TransitiveProperty rdf:ID="subRegionOf">
<rdfs:domain rdf:resource="#Region"/>
<rdfs:range rdf:resource="#Region"/>

</owl:TransitiveProperty>

O owl/ SymmetricProperty

<owl:SymmetricProperty rdf:ID="friendOf">
<rdfs:domain rdf:resource="#Human"/>
<rdfs:range rdf:resource="#Human"/>

</owl:SymmetricProperty
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Requirements for OWL

v’ = already covered by DAML+ OIL

Ontologies as distinct objects
Unambiguous term referencing with URIs
Explicit ontology extension

Ontology metadata

Versioning information

Class definition primitives

Property definition primitives

Data types

Class, property individual equivalence
Local unique names assumptions
Attaching information to statements
Classes as instances

Cardinality constraints

User—displayable labels

Supporting a character model

Supporting a uniqueness of Unicode strings

O0O00O<0O00 S S 8 O AX
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Need for Automated Reasoning

O Ontology Development
= Consistency check for classes and relations
= Consistency check is very important for multi-authored ontologies

O Ontology Integration

= Find and assert inter-ontology relationships (for mapping and
merging)

= Automatically computes integrated class structure

O Ontology Deployment

= Consistency check for facts and individuals with respect to
ontology

O The Semantic Web needs the logical layer on top
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Topic Maps

O In the early 1990’s, DEC and O’Reilly were collaborating in the D
avenport Group

= DEC were bundling O’Reilly’s UNIX documentation with their system
s and wanted to create a Master Index of all documentation

= They tried merging indexes and failed — miserably!
O This led to the insight that indexes really are knowledge structur
€S
= |If their semantics could be captured formally, automated processing
would be possible
O This was the starting point for Topic Maps

O Topic Maps became an ISO project in 1996 and was approved in
2000

O XML Topic Maps (XTM) became part of ISO 13250 in 2001
O Dubbed the GPS of the World Wide Web by Charles Goldfarb, inv

entor of XML

= One of its potentials is to enable giant indexes for Gisle Hannemyr’s
giant printing press
= But its immediate potential in smaller scale applications, e.g. within
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The 2-Layer Topic Map Model

O The core concepts of Topic Maps are based on those of the back—of—
book index

O The same basic concepts have been extended and generalized for use
with digital information

O Envisage a 2-layer data model consisting of
= a set of information resources (below), and
= a “knowledge map” (above)

O This is like the division of a book into content and index

(index)
knowledge layer

information layer
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The Information Layer in Topic Map

O The lower layer contains the content
= usually digital, but need not be
= can be in any format or notation
= can be text, graphics, video, audio, etc.

O This is like the content of the book to which the
back-of-book index belongs

prppzzzzz/zzzz2z2z2z2z222222227422248

information layer
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The Knowledge Layer of Topic Map

O The upper layer consists of topics and associations
= Topics represent the subjects that the information is about
M Like the list of topics that forms a back-of-book index

= Associations represent relationships between those subjects
M Like “see also” relationships in a back-of-book index

composed by

Puccini Madame

Butterfly

knowledge layer
W /7727222277274
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Core Topic Maps Concepts

« A pool of information
— any type or format

composed by

« Aknowledge layer

composed by

- Topics
— a set of knowledge topics for the
domain in question

« Associations
— expressing relationships between
knowledge topics

Ma_f:!ame
Butterfly

knowledge layer
information layer

e (Occurrences
— information that is relevant in some
way to a given knowledge topic

« =The TAO of Topic Maps
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O Tools
= Tool architecture
= Ontology builder & browser
= Ontology modeling tool
= Ontology integration tool
= Annotator
= Reasoner
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Ontology Tool Architecture

Ontology
Editor

Ontology Middleware

Ontology
Repository

Annotated
Data
Repository
RDE

Domain Task
Ontology Ontology

< Ontology Repository(External) >
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Query and Brower : RDF ferret

|[+-2- D d | QI BH-S0-H 9

RDFferret

has style Style
Sculptor sculpts |[9] Sculpture "I Iexhibited e

text contains:l GCI!l Clear | ‘

material: I

name:

super-classes: Artifact, Fesource Help

Match case
Match words exactly
Search page titles only

O

Compact display

Show me |1D results 'I
Zorted by Irelevance 'I

Postfls: restricted to Sculpture

1. David Sculpdurs

material: Tarble

has_style: hitp e ibihlio ooz faampoa it A L0 -Tars
exhibited : hitp Sfaramrthade dtisoathoafeda bim
pame | Darid

1-9 of 2

MICHELAMGELD di Lodovico Buonarroti Simmoni (b, 1475, Caprese, d. 1564, Roma) - David - 1504 - Marble, height 424 cm - Galleria dell'sccadernia, Florence -

In 1501 Michelangelo was

2. Sculpteur/Porte de I'enfer Scuipture
exhibited: hifp Jfararar mee e-rod i 7

e : The Getecs of Hell

material: hrozme

b _styrle : bty -ftmramr ritaydcs com/beom b article B 00,57 16,11 F4054+1 00 hml

THE GATES OF HELL - Antoinette Le MNormand-Romain Mot far from The Thinker stands Rodin's monumental masterpiece, The Gates of Hell , installed in the

garden of the Museum in 1937, By a decree of 16

3. Pieta Scuinture

material: Tarble

has_strle: ity Sfarmmr ib dblio oz fammp s ot A LG -Ta
erdibited: hitp Sfarararromad 000 it vschpdet Taml
pame : Dista

MICHELAMGELD di Lodovico Buonarroti Simoni (b, 1475, Caprese, d, 1564, Romal - Pieta - 1499 - Marhble, height 174 cm, width at the base 195 cm - Basilica

di San Pietro, watican - In the
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Query and Browser : Ontoshare

OntoShare - alistair duke

Concepts Documents View Profile Help |
OntoShare concepts Documents in Instant Messaging
v ] Collaboration(22) Document title | Submitted By | Date ¥ | Relevance |
%;'”"'? C”""’”E”'ME} q The Reaister Martin Crosslay 2002-05-27 - 3
] AZCECLTQESEES; ‘] CW3RD&deg; - Article Page Mick Kings 2002-05-22 - )]
|j Communities of Interest{s) ']Text Article: Microsoft pledges Passport openness  Microsoft .. Martin Crossley 2002-05-21 - 3
b Instant Messaoingil 23 '] Developing Microsoft RET Wehb Service Clients for EJB Wehb Servi... Tim Stevens 2002-05-21 IC__3 5
WS Messenger(7) '] Instant Messaging Planet Wireless IM: Comverse to Acguire Odigo|  Martin Crossley 2002-05-20 (- )]
[ Co_nferencing(tl). ']Te}d Article: Microsoft hits out at Passport privacy slur - Users hav... | Martin Crossley 2002-05-17 (] )]
t % Ezae':'l':tge;:;:’;e'zfgﬁg:' ] BBC Mews | DOT LIFE | It's a hamster on your mobile. Or possibly..|  Alistair Duke 2002-05-15 C 3
- g Software Development(4) ']Text Aricle: EDS bans instant messaging Butwon't saywhy... E... Martin Crossley 2002-05-08 (] )}
+ LB ']The Register Martin Crassley 2002-05-07 - 5
|_:| HELT(2) 1 Content Wire Preview - Hame - Fresh Picks Martin Crossley 2002-05-03 :. .i‘
[ .MET4
=P
Clc+@
] Javais
[ Platforrm SDK(E
] Delphiim
| & E Knowledge and Information Management{3)
| S |j E-Businessil) i Get next 10 documents @|
b [*] semantic Webil 2) = =
Ij Security(1) Document information

Campanies and Markets{4)
b [ content Synthesis(O)
|j Mews . market and technology(E)

Full document: httpiwerw theregister co,uk/content/4/25433 html

Annotation: Microsoft Passport may be incompatible with European data protection law

Comments:
Mo cormments have been added yet.

My concepts

Efj Semantic Weh/Ontologies

(7] /‘Semantic Web/RDF

Efj 'Semantic Weh

Elﬁ ICollaboration

Efj Enabling Technologies\Weh Services

.Efj JEnabling Technologies/Peer-to-Peer

Efj JHnowledge and Information ManagementMetad...
Efj HKnowledge and Information Management Z

ElT looks at WIS Passport for privacy infringement By John Lettice Posted: 24/05/2002 at 12:30 GIT Mlicrosoft's
problems with Brussels have been compounded by news that the European Conunission is inwestigating whether Passport
is compatible with European data protection law. European law is substantially tougher than the TS equivalent in this area,
and Whcrosoft's record on databasze control is somewhat patchy, so it wouldn't be a big surprise if the Conanission
decided there was a problern here. The news of the investigation came in a letter to Metherlands European Parliament
member Erilc Iejjer, who had raised numerous objections to Fassport, and accused hicrosoft of "surreptitiously” passing
on registration information to "unknown parties. " The Comnission's response is that it is looking into it "as a matter of

-

[ Share new document || & My profile || (I Documents for me || 2, Search || 2 Interesting || = Mot interesting || # Add comment |
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Editor : Protégé—-2000

=
—¢ % (ClEmployes# .
ot (C) ColumnistM TII_II_IEFF
G ) Docurmentation Constraints Vicl +( =
g% @ E d |t|:| I M Efd;tsg:ljanr:respnnsible forthe content | 2> editor-employees-salary-constraint
1@ (C)Reporter™
i ‘ L] |51f1f15151f15151f15151f151515151515151515151515151515151fif151f15151515151515151515151515I 4
(C) Salesperson
¥ c] =] +] -
oL TIoEs §|current_job_title s
%0 H respW —I -_— =={Employaa}
o Gren e S| date_hired
§ (T %}ru:ulcn_.ree’ell ., | [8] current_joh_
Columnist 2| [S] date_hired
%Editur" " (5] ather_infarmation 5 >4 | d rl!IIl
Repotter i one_nurmber
@Salpespersnn = Egme_ " 5 Nnarme
|44 : .
e — S| ather_infarmation
(T} Author
(') Employee *
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Modeling Tool: SemTalk

Vizio 2000

2 c:\eigene dateien’rdis\rainz.ved - Microzolt Internet Explorer von T-Dnline

‘ Datel Beabaten Amichl Emfugen Fomat Ewhze Chape Senldh Fercler Hife ‘ Ddd feaboten Arecht Foven Eppes 2 T

‘D'ﬁﬁ'ﬂ‘&&w/“) %E*ﬂ“'“‘ ﬁﬁ‘A‘D‘/‘G}‘ Qam ‘?‘ |3=Zurtbk-4'@ﬁ|‘a8uchan (] Favarken @Uada.”%va

— | s 10\ Eigers Dol IDFS s | P Wechich
[t e ]| F K 0|A- LB DT REALE
I‘SemTaIt: seichn. ] E3|| B Zeichnung]-Seitel sy
. Yehicle Model
Hock
EI--Diagams Classes =
8- Genenc Olives el
G Sete! | e
+ Trai
- ich Speed T T
: H pe
- Lol Trai
- Shtion
; & Celral Slahian
E;I--Ell:q'ecla {,
C Ihdares Tran Lang Cictarcz sope : Caﬂrammn) ( tirpor )
P T i
- & Slefon m:—f/ .
- Conhd Sleton Name  [Velue
=T Watker 10
High Spead Train SuperClasVelucle
. L Laeal Train Long Digtatce High Speed Train
& Bedions wubClass e : :
lestanice  Aatport Esprans
tefiinlt = topsat [Staten
Ll r .
= Digeran  |Classes
EDokumar || 1] Su'hﬂ/ Jﬂ | H 4
| | echertiatl S| et/ ] T @ atemin =
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Merge & Integration Tools : PROMPT

B <new> Protégé-2000
Project Edit Window Help Prompt

o=@ o] =]

(Prompt [(C7 Classes |[S[[| Slots |7 Forms | I3 Instances | @% Queries |

|/5uggesﬁnns rCnnﬂi[:’ts rCreating operation | : |/Resurt classes rﬂesuﬂ slots rﬂesult instances |
To Do list vic|x| s merged LT
Marme| Arg | Arg 2 | Params | : (S THING A
copy (C)Record air = W E @ (C) :SYSTEM-CLASS A
COpy @Award_travel air B o @ Reservation_record--air
copy LC) Customer air params = {subs? : () Reservation
Copy I@}Itinerarg.r air
copy (S Individual air
COpy @Lucatiun car params = {subs}
oy @Vehicle [nt=1s
copy L0 Driver car _ e
mergelC! Reseration_record--ailC) Reservation @]HESE“’“““" S[=] E3
merge(C) Check alr (C) Check car ¥l c
merge@ Credit_card air @ Credit_card car [ TEMPAte SToTS -
Copy @lﬂ,‘ircraﬂ air Mame | Type | Cardinality |
Copy @Flight alr S| customer_type--air Class single parent
rrobyv (0 Pawimient rernrd Sir @custumer_t‘ype--car Symbol single allowe
T e TaTaTTaTaTa e et e e e e e T e e e T e e e A e e e A e e e e e T e e e T e e e e e e A e e A e e e e e e T e e e A e e e e e Ta T e e e T e e e A e e e e e e T e Ta e e e e e s IEI erp_Df’f_datE--car Etrlng Single
Reason for selected suggestion [S] drop_ofi_location--car Instance single classe
CiRecord air is a superclass of (C) Reservation_record--air [S] itinerary--air Instance single classe
@ pick_up_date--car String single
@ pick_up_location--car Instance single classe
<[ @recurd_lncatur—-air String single
- @ resemvation_number-car  Integer single
-~ Do It @traveler—-air Instance multiple classe &
@traveler—-car Instance multiple classe
@vehicle--car Instance single classe | L]
4 [E 3 [ ]
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Reasoner : FaCT

<} CORBA-FaCT request form - Microsoft Internet Explarer =10 =]
M BIE £V SAFNE XD ESUH) [ = |
GEHE - = - D[ A Qoo mEre Gooo B B-SFH -5 2
F (D) |&j http:/ wevew, es, man, ac, uk/~horrocks /FaC T/CORBA-FaC T, htrnl j o= | H3E =2
Google - | Tl g A GEAIE 24 | Dtk @ HOIA EE - BIYE - AEHIE0E
[ |
CORBA-FaCT Request Form
Please take a few moments to complete this form before downloading the alpha-test version
of CORBA-FaCT system. This information is only used to keep track of who is using FaCT and will not be accessible to anyone
outside the FaCT research group. We may (veny) occasionally contact you to enguire if you are using FaCT in any interesting applications.
Please enter the following information
Name |
Email|
Institution| —
Address
[
[ -
Send | Clean Form j
&) &8 L e 2Ew 4
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Reasoner : OilEd

& Qiled 3.4 =181 x|

File Log Reasoner Help Export

(= =[w 8] [©]@]v]z]

. Properties
Adjustable Bouyancy Life Jacket (@) SubclassOf

»

|[E] A Cramp #1

{ Absolute Pressure #1
[E] ac1#1

[[E] AcR#1

[[E] aD #1

\[E] Adjustable Bouyancy Life J
[[E] a1z

\[E] Air embolism #1

|[E] atternate Air Source #1
\[E] Aneoli #1 i it #1
|[Z] Ambient pressure #1

[ Anoxia #1

|[E] apnea #1

{ Argon #1

|[S] Ascent Check Depth #1
\[E] Ascent Rate #1
Atmospheric Pressure #1
\[E] Auto air/air Il #1

[[E] Av #1

[ Backup #1

|[E] Bailout #1

\[E] Bar #1

|[S] Barotrauma #1

\[E] Boat #1

|[Z] Body Part #1

\[E] Bottom Mix #1

|[Z] Bottom Time #1

\[E] Bradycardia #1

|[C] Buddy #1

:‘./

) SameClassAs

R
R

Do tation

R

RN

o
5

An older style of buoyancy device still used by some

@
=

_lox|

Ci tion ronsaction el Utilities Aok rmmon Lisp C [shig-app -|D|1|

A4llegro CL Enterpri=e Edition 5.0.1 [Windows-x86] (8-16-1 14:02) ;I

Copyright (C) 1985-1999, Franz Inc.. Berkeley, Ci. USA. All Rights Rese

Azsuned hostname: KORODA

~Result OFBlink server uses port 1040

HTTP =erver uses port 8000,

Binding lispserver FalTLi=p.

USER{1}): Got command "GET /CosNaming HTTP~1.1F" on #<TEXT stream socket
connected from
koroda~8000

-Restrictions

to
koroda~2146
@

Log #=20459112>
GET: Firing handler #<Function HTTP-HAMESEEVER: with arguments {({"CoszHam
Got command "GET ~CosNaming HTTE-1.1F" on #<TEYT stream socket
connected from
koroda-2000

to
koroda-2149
@

#=20d6adaz >
|GET: Firing handler #<Function HTTF-HAMESERVER: with arguments ({"CoszHNam

]\ C:Documents and Settings'AdministratorMy Doc il i ‘:iiu'ingJ

| ) ol _»l_/I

| ;
HNR| | P > e & || Paco.. | £llanH.. | CyCwD...| BECH... | soOiled... | BECHW... | "allegr..| BECHW... [[EiServer BECHW.. | &FaCT.| [REEE 2= 11132
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Annotator : COHSE

Activities | Technical Reports | Site Index | New Visitors | Ahout W3C | Join W3C

The World Wide Web Consortum (W3C) develops mteroperable technologiesD (specifications, guidelines, softwarel), and tools) to lead the Web to its f
potential. W3C 15 a forum for mformation, commerce, communicationl), and collective understanding. On this page, you'll find W3C news, links to W3C
technologies and ways to get involved. New wisttors can find help in Finding Your Way at WiC. We encourage you to learn more about W3C.

e g » W3C Team Talks in November Gougle
s & Concept Browser =1O] x|
o Accessibilty 4 November 2002 Browse upcoming W3C app File Help
. AM@ rDescriptinn rNamespaces rMessages
o Annotea o Karl Dubostl). Marja-Ritta Komuner[) Ma Classes
« CCP Tehida nrecent ot the WRCNTST Tleahility T [@hinad

_reator: Systern Recovery (Wed Nov 623:42:04 2002) <daml:Class xmins:daml="http:/ v |_URI#1
imins rdfs="http//wwew, w3, org/2000/01/rdf-schemad”> <damliintersectionOf> {daml:List> {d: |Person #1
df:about="http://wwew, w3, org/2000/10/swap/pim/contactPerson”> </daml:Class> {/damlfi

df:resource="http://www, w3,org/2000/10/swap/pim/contactédescription” </daml:onPropert
TUCIIIVIVE Y TIW TiC Lo o oIUIC INIC W o ruenaer . Restrictions
« QIML Colorado in Boulder, Colorado, USA. tme | propery [ fller |
« JIML Tidy o On 12 November, Ivan Hermanl ) presents a S b e
o HIML Vahdator aan Zee, The Netherlands.
o HTTP

o On 13 November, Yves Lafon presents and .

o Internationalization Intégration 2002 Forum XML & Web Servic

s J_i,g@ o Vincent Quint gives a keynote at [HM 2002

o Libwww o At 2002 3L Japan in Tokyo, Japan, Masa

. MaﬂM- Kamhiro KitagawaD gives the keynote on 2°
. %‘{.—Lﬂnm?dal serves on the Program Committee.

| Clear || Hierarchy ‘

=
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Feature OILEd OntoEdit Ontolingua OpenKnoME | Protégé- WebODE
2000
Developers Uni. of Ontoprise KSL(Stanfor | Uni. of SMI(Stanfor | Ontology
Manchester d Uni.) Manchester d) Group(UPM)
Availiability Open source | Freeware Free Web Freeware Open source | Free Web
Access Access
Architecture | standalone Standalone Client/Serve | Client/Server | Standalone 3-tier
r
Extensibility | no Plug-ins None None Plug-ins Plug-ins
Import for XML XML Ontolingua GRAIL XML XML
Language RDFS(S) RDFS(S) IDL GALEN IR RDF(S) RDF(S)
Flogic Flogic KIF XML CARIN
DAML+OIL | DAML+ OIL Schema
Export to OIL XML KIF3.0 GRAIL XML XML
Language RDF(S) RDF(S) CLIPS CLIPS RDF(S) RDF(S)
DAML+ OIL Flogic LOOM GALEN IR XML(S) OIL
SHIQ DAML+OIL | OKBC HTML Flogic DAML
PROLOG JAVA Prolog
KR paradigm | DL(DAML+O | Frames+FO | Frames+FO | DL(GRAIL) Frames+FO | Frames+FO
IL) L L L L
Graphical No No Yes No Yes Yes
taxonomy
Collaborativ | No No Yes Yes No Yes
e working
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O Applications
= Methodologies
= Application areas and use case
= Future of the Semantic Web technologies
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An Ontology Building Life—cycle

| Investigation ' INVESTIGATION
- Identify problem and opportunity

- |dentify potential solutions
- Feasibility study

ANALSYS

CONSTRUCTION

| Analysis '

EVALUATION

- Technologh-focussed evaluation framework

" Language conformity / Consistency

" Interoperability / Turn around ability

" Performance / Memory allocation

* Scalability / Integration into frameworks
" Connectivity

- User-focussed evaluation
" requirements specification document
" competency questions
" prototype
Feedback from beta user

- Knowledge elicitation process

- Capture requirement specificg - develop a seed ontology

“ domain and goal of ontology| * modify and extend from initial semi-

" design guidelines formal description of the ontology

" knowledge source

" users and usage scenarios
' competency question

- Support for collaboration through
brainstorming

- [dentify representation languages/tools m
Evaluation

REFINEMENT

" usage patterns , Orl/]golog Degelo%en;b

Semantic Web Tutorial, KRnet 2003

- Formalization phase
" transfer into the target ontology
?express in formal representation
language

(

MAINTENACE

- Centralized and distributed strategy
- Quality and time
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Methodologies

O Building ontologies
= Cyc Methodology / Uschold and King / Gruninger and Fox
= KACTUS Methodology / METHONTOLOGY / SENSUS Methodology

O Cooperative Ontologies
= CO4 methodology / (KA)? methodology

O Learning Ontologies
= Aussenac-Gille’s and colleagues methodology

O Merge Ontologies
= FCA-merge / PROMPT

O Evaluation Ontologies
= Guarino’s group methodology
= Gomez Perez’s evaluation methodology
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General Use Case

O Web Portals

O Multimedia collections

O Corporate web site management
O Design documentation

O Agents and services

O Ubiquitous computing
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Research and Commercial Issues

O Ontology Representation Languages
= Further implementation in upper layers on the top of DAML+OIL/OWL
= DAML-S, DAML-RULES, OWL-Med (some are domain-specific)
= Full-fledged Description Logic (Expressivity & Tractability)
= Nonmonotonic reasoning support

O Management Tools
= Corporate memory management through agents
= GUI-based knowledge transformation tool (syntactic, semantic, and semiotic)
= Integrated ontology management system

O Methodologies
= Collaborative ontology engineering
= Domain-specific & tool-specific methodologies

O Business Applications
= Information Search
= Skills management
= Exchanging knowledge in a virtual organization
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Future of the Semantic Web Technology

2002-04

2004-07

D

Phase 1
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O Conclusion
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The Semantic Web — A Roadmap

O What the Semantic Web is NOT ...
= The Semantic Web is not Artificial Intelligence
= The Semantic Web does not allow arbitrary complexity
= The Semantic Web is not something that will ever be complete

O What the Semantic Web IS ...
= A great vision
= Something that will be built over time

= An emergent property of the global effort towards standardization
around XML
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Final Words

“Ask not what the Semantic Web
can do for you,

ask what you can do for the
Semantic Web”

Hans—-Georg Stork
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Thank You !
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