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What is the Semantic Web?

*  Web was “invented” by Tim Berners-Lee (amongst others), a physicist
working at CERN

* His vision of the Web was much more ambitious than the reality of the

existing (syntactic) Web:
“... asetof connected applications ...
forming a consistent logical web of data ...”

“... an extension of the current web in which
iInformation is given well-defined meaning,
better enabling computers and people to work
In cooperation ...”

* This vision of the Web has become known as the Semantic Web
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Hard Work using “ Syntactic WeDb”

Find images of Peter Patel-Schneider, Frank van Harmelen and
Alan Rector...

. File Edit Wiew Go Bookmarks Tools Window Help

. O @ Q |% hitp:idusnwe google.comdimghp¥hie |[QSearch] cﬁ

= ﬁ Home E3Bookmarks % lan Horrocks %WWWZDDS %IJCAIZDDS %CADE 19 %Gongle
T Google Image Search I% Semantic Web Science Association ] Q

Coog[e

Image Search

WWeh TGS 00 Growps Directar Mews
I * advenced Inege Search
* Praferences
Google Search | * IPnage Seerch Help

The most comprehensive image search on the web.

Acbvertise with Us - Business Solutions - Services & Tools - Jobs, Press, & Help

Goog

[ &F £) o7 | ST

Rev. Alan M. Gates, Associate Rector of the
Church of the Holy Spirit, Lake Forest, lllinois
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Impossible (?) using “ Syntactic Web”

* Complex queries involving background knowledge

— Find information about “animals that use sonar but are neither bats
nor dolphins” , e.g., Barn Owl

* Locating informatior ¥, les
— Travel enquiries
— Prices of goods ar
— Results of human \ s

 Finding and using “v

— Given a DNA seql &
they can produce,

* Delegating complex

— Book me a holiday
and where they st

ies, determine the proteins
jical processes they control

nts

'where warm, not too far away,
English
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What is the Problem?

Consider a typical web page:

5 BCS ey © Markup consists of:

JOIN BCS | ABOUT | NEWS | AWARDS & EVENTS | GROUPS | PRODUCTS & SERVICES | INFORMATION & ADVICE | CAREERS
You are in: Home [

Htish Gompuber Sqciety Welcome to The British Computer Society <+ - re n d e rl n g I nfo r m atl O n

The British Computer Society (BCS) is the industry body for IT professionals, and a Chartered Engineering

.
Institution for Information Technology (IT). With members in over 100 countries around the world, the BCS is e fo n t S I Z e an d
the leading professional and learned Society in the field of computers and information systems. " ")

[REGULARFEATURES |
For Members... Browse SFIAplus Online Services

detailed framework for IT | would like to ¢
knowledge, skills and training | have for

Browse SFIAplus ™ wa

A Manager's Guide to IT Law

The most relevant legal framewocrks, explained in plain
English. Includes: IT contracts, employment problems,
instructing consultants, intellectual property law and data =
skl PeopRcy Join the BCS

Further information about the book Why have 16,000 members joined the
the 15t May 20047 Because
they recognise th
Join th

Explore Browse SFIAplus™ - the I | “ I ah m | am already registered - jogir
4
SIIA

— Hyper-links to related
content

New Review out now

BCS's annual look at the IT industry is cut.
Security, [T strategy, software,
professionalism, networks, storage and
more are covered

Check it out

e B o ° Semantic content Is

- e SRR S accessible to humans,
but not (easily) to
computers...

View some sample
ontries and request
an entry form
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What is the (Proposed) Solution?

e Add semantic annotations to web resources

Dr. ARar RectdiaR Réxtoor/GcCamputer Rev. ARerddnGatas, MsEatede/Rectonsf the
Séwmderdirssersity @b Mautenetence</Job>, Chutrct sé doatddRestmrit/ Lake dfdhesCHlinofsof
University of Manchester the Holy Spirit, Lake Forest, lllinois
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Giving Semantics to Annotations

* External agre notations

— Agree on Myt s
« E.g, Dub’}
_ Limited flexi i

tags

— Limited nunr

e Use Ontologi(]

-----

. Tl Tl ; ; - .
— Meanings ot ' _ ..y ontologies
« New term "

* Meaning
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Ontologies
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Ontology: Origins and History

* In Philosophy, fundamental branch of metaphysics

— Studies “being” or “existence” and their basic categories

— Aims to find out what entities and types of entities exist

Supreme genus: Substance
Differentiae: material immaterial
Subordinate genera: Body \\Sp‘irll
Differentiae: animaie// \ina nimate
Subordinate genera: Living meral
Differentiae: sensitive insensitive
Proximate genera: Animal \Plemt
Differentiae: ratlonal/ \\Irratlonal

JSpecies: Human \}east

Individuals: Socrates Plato Aristotle ete.
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* An ontology is an engineering artefact consisting of:

— A vocabulary used to describe (a particular view of) some
domain

— An explicit specification of the intended meaning of the
vocabulary.

» Often includes classification based information

— Constraints capturing background knowledge about the
domain

* |deally, an ontology should:
— Capture a shared understanding of a domain of interest
— Provide a formal and machine manipulable model
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Example Ontology (Protégée)

YO O pizza Protégé 3.1 (file .-'Users,.-'}wr'r'ocks.-'Wor'k.-'Iatr:x,-'teach|n{J;'Drescleggﬂ}s,.'Untoloq|esr'p|zza_pp|'|. OWL Files (.owl or .rdf))

OEEFERE e BEEECELD <Gprotége
- @ OWLClasses m Properties = Forms 4 Individuals @ Metadata . OWLViz
CLASS RELATIO Bl @ DITOR | SelE T
For Project: ® pizza For Class: © RealltalianPizza  (instance of owl:Class)
Asserted Hierarchy 'i‘?lt'. | 2l e o < Name L/ Annotations L] 37 | IR
owl:Thing ReallralianPizza Gl Property Value Lang
v ® DomainConcept rdfs:comment This defined cl...en
® Couiitiy Iii!'?'-iL'D!‘:l!‘l"-."ﬂ. (en) @ rdfs:label PizzaltalianaReal pt
@ IceCream describe t?)e mlem bers - that 0
S— all RealltalianPizzas must only -
o have ThinAndCrispy bases. v
© CheeseyPizza
© InterestingPizza . \ [ @
, - - m Propertic/ s | ok |m| m.[&] @
© MeatyPizza Asserted Inferred Propertig [ m| O] @

@ NamedPizza

~ RealltalianPizza
U
© SpicyPizzaEquivalent

“ VegetarianPizza

» @ PizzaBase
b 0 PizzaTopping
> @ ValuePartition

Asserted Conditions

Y m hasBase (single PizzaBa

" Pizza

= hasCountryOfQrigin > Italy

@V hasBase ThinAndCrispyBase

© VegetarianPizzaEquivalen
© VegetarianPizzaEquivalent

J hasEase PizzaBase

f=. »
=Y | | o | ol
W) [&]) &

[from Pizza] L=

© ThinAndCrispyBase
PizzaBase [from Pizzal
¥ [m hasCountryOfOrigin
© Italy
W hasTopping (multiple P

) Disjoints

Logic View O Properties View

(=

B
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Applications of Ontologies

* e-Science, e.g., Bioinformatics
— Open Biomedical Ontologies Consortium (GO, MGED)

— Used e.g., for “in silico” investigations relating theory and data

* E.g., relating data on phosphatases to (model of) biological knowledge

& go_daily-termdb Protdgd 3.1.1  {file:\C:Wocuments’ 20and% 2050 ttings\Christine\DureautOWL% 20examples\Go\ge_daily-termdb.pprj. OW... [= ||B]X|

Non-transmembrane PTP subtypes Receptor-like PTP Subtypes
A8 R3 [ [0 Proecdt OWL  Code  Wndow  Toolt  Help
Ol 400 my #% FEE @25 D @@ ar % ""Q‘pm:égé
R2A RS
| 0 ovtcwases | EEPropertes | = Forms | ndviousis | 4 Metastn |
Ri/RE \ RE | SUBCIASS RELATIO <= l:l:.---' EDITO s=aT
Fur Project: @ ga_dalydmmdh For Class: ) GO_DOSI00  (rstance of owt Class)
- peverd ey B @S2 S | [ eme |[Someia || Diiererifrom Amotarien MC Y
NT1  NT2 NT3 NT4 NTS NTE NT7 NTE NTO R4 L ¥ B 5o N5 = | oo _oession [¥] Property Vi Lang |
W I v Boo 3 et The estobdshment, marberia,
—— |: N 1 » @ 00_cormasy i s whg dc arbeiorksoetaio |
» B GO oo The estabishment, mainbenance and elabormion of the
- ,J) ‘-’ If r. B GO _0000004 arteior posberion axis of the wing dec, 8 precs sor o the wing
- \ A ¥ @ Go 0007375
__|) - ___| ? I @ 00_coo1a
{ { PTi 1A2 .
. - & D ¢ P fre-) ® Go_co01sas
HO LI g B GO_00M 842 &
= - s "B%EQ‘ © 05 0001048 Asserted | inferred Miopertes W H M @
I S L 9 * @ oo_pooTis Awwwried Condiion o X et _of
\ o PTI AR PTPa P o~ - ] S
a (oL R M o Pm poenEs @ 50_000u7 = G0_puaszz
b PRy Pé STEP > @ Go_ogurs
¢ HDPTP PTPyp PTP. v B G0_00073% @ 60_pooTids (|
B G0_0007 35 ® co_poaszz LE
FTP1B PTPD1 . i ¥ @ GO_00THT
TCPTR Bor Frecz | () PTP domain e ot calde: o Fibronectin S ilimn Spwe
- ) 60_b0a7 g
L’.pﬁ BAS protein-like like repeat B 600035200
PESTlike A 5RO Carbonic ® co_no3si
& Homology anhydrase-like @ Go_poeEioo
FERM domain RDGS adhesion > ® 6o oocus AP Dinjoi ? @ 5 ¥R
[ 6D  His-domain ®  recognition matif » @ G0_0007450 L AL
g » @ co_poaszn
PDZ domain 9 Mepl;'lv'nnsfu Cadherin-like i ::; g——
» B GO 003522y
Src homology q Immuno- %& Heavily b 0 G0 000TEe
globulin-lika glycosylated L -
GO_DO4EI00 - > - = Log: View () Progeries View
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Applications of Ontologies

e Medicine

— Building/maintaining terminologies such as Snomed, NCI & Galen

|"" Asserted | Inferred |

Asserted Conditions

& & @ ®

NECESSARY & SUFFICIENT | | & B

= Lang
) Gyrus

{1} (IsMAEConnectedTo = 1 postCentralGyrus) L (ISMAEContiguousTo = 1 postCentralGyrus)

) ¥ IsMAEBoundedBy (centralSulcus L preCertralGyrus) =

' lsMAEBoundedBy = 1 centralSulcus
= IsMAEBoundedBy =1 preCentralSulcus

NECESSARY
) ¥ hasDirectAnatomicalPart (superiorParsPreCentralGyrus 1 inferiorParsPreCertralGyrus)
' hasDirect AnatomicalPart = 1 superiorParsPreCertralGyrus
! hasDirectAnatomicalPart = 1 inferiorParsPreCentralGyrus

=

Wadd

, ' &
5} Left-preCentralGyrus 1 Right-preCentralGyrus =[]
INHERITED =
angularGyrus L anteriorOrbitalGyrus L cingulateGyrus L cuneus L dentateGyrus | |f|'-.:-ntu. isicabdisil
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Applications of Ontologies

* QOrganising complex and semi-structured information

— UN-FAQO, NASA, Ordnance Survey, General Motors,
Lockheed Martin, ...

......
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Applications of Ontologies

* Military/Government
— DARPA, NIST, SAIC, Department of Homeland Security, ...

* The Semantic Web and so-called Semantic Grid

SEMANTIC
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Ontology Languages
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Ontology Languages for the Web

* Semantic Web effort led to development of “resource description”
language(s)

— E.g., RDF, and later RDF Schema (RDFS)
* RDFS is recognisable as an ontology language
— Classes and properties
— Sub/super-classes (and properties)
— Range and domain (of properties)
* But RDFS too weak to describe resources in sufficient detail, e.qg.:
— No existence/cardinality constraints
— No transitive, inverse or symmetrical properties

— No localised range and domain constraints

* And RDF(S) has “higher order flavour” with non-standard semantics

— Difficult to provide reasoning support
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From RDFS to OWL

Two languages developed to address deficiencies & problems of RDFS:

..u—
it
B e

ﬂa.

e Universit
n

n
of M

— OIL: developed by group of (largely) European researchers
— DAML-ONT: developed by group of (largely) US researchers
Efforts merged to produce DAML+OIL

— Development carried out by “Joint EU/US Committee on Agent Markup
Languages”

DAML+OIL submitted to V\Gc as basis for standardisation
— Web-Ontology (WebOnt) Working Group formed
— WebOnt developed OWL language based on DAML+OIL
— OWL now a W3C recommendation (i.e., a standard)

OIL, DAML+OIL and OWL based on Description Logics
— OWL is effectively a “Web-friendly” syntax for SHO IN
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What Are Description Logics?

* A family of logic based Knowledge Representation
formalisms

— Descendants of semantic networks and KL-ONE

— Describe domain in terms of concepts (classes), roles
(properties, relationships) and individuals

— Operators allow for composition of complex concepts
— Names can be given to complex concepts, e.g.:

HappyParent>> @al
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Semantics and Reasoning
* Distinguished by:

— Formal semantics (typically model theoretic)

« Decidable fragments of FOL (often contained in C.)

» Closely related to Propositional Modal & Dynamic Logics, and
to Guarded Fragment

has-color @

Felix : | Mat
SIts-on

Animal

[Quillian, 1967]
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Semantics and Reasoning
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* Distinguished by:
— Formal semantics (typically model theoretic)

« Decidable fragments of FOL (often contained in C.)

» Closely related to Propositional Modal & Dynamic Logics, and
to Guarded Fragment

— Provision of inference services

{HappyParent = Parent 1
VhasChild(Intelligent U Athletic)
John : HappyParent
John hasChild Mary

Mary : —Athletic}

— Mary : Intelligent 6

» Decision procedures for key problems
(satisfiability, subsumption, etc)

* Implemented systems (highly optimised)

C7

i,
El=
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Why Description Logic?

* OWL exploits results of 15+ years of DL research

— Well defined (model theoretic) semantics

Interpretation function T Interpretation domain AZ

Individuals i‘ € A*
John .o---memmmmmmmm e
Mary -——=~"""" """
Concepts Cf C Al
Lawyer ---------
Doctor --.
Vehicle -.__
Roles rIC ATx AT
hasChild
owns

(Lawyer N Doctor) -~
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Why Description Logic?

* OWL exploits results of 15+ years of DL research

— Well defined (model theoretic) semantics

— Formal properties well understood (complexity, decidability)

| can’t find an efficient algorithm, but neither can all these famous people.

[Garey & Johnson. Computers and Intractability: A Guide
to the Theory of NP-Completeness. Freeman, 1979.]
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Why Description Logic?

* OWL exploits results of 15+ years of DL research
— Well defined (model theoretic) semantics
— Formal properties well understood (complexity, decidability)

— Known reasoning algorithms

l-rule if 1. (€M C2) € L(v), v is not indirectly blocked, and
2. {C1,Ca} & Liv)
then L(v) — L(v) U {C1. Ca}.
L-rule it 1. (Cy U Cy) € L(v), v is not indirectly blocked, and
2. {C1.Co} N L(v) = 0
then £(v) — L(v) U{E} for some E = {C, s}
J-rule if 1. 3r.C' € L(v1), v1 is not blocked, and
2. v1 has no safe r-neighbour v3 with C' € L(v1),
then create a new node v2 and an edge (v1, va)
with £(v2) = {C} and L£((v1,v2)) = {r}.
Y-rule if 1. ¥r.C' € L(vy), vq is not indirectly blocked, and
2. there is an r-neighbour vy of vy with C' ¢ L£{1)
then L(vy) — Llwa) U{C}.
¥ .-rule if 1. ¥r.C' € L{wq), vq is not indirectly blocked, and
2. there is some role »" with Trans(r’) and " & r
3. there is an r'-neighbour v of vy with ¥r'.C' & L{vy)
then L(vs) — L{we) U {¥r".C}.
choose-rule if 1. <nr.C' € L(v1), vy is not indirectly blocked, and
2. there is an r-neighbour vy of v with {C, ~C'} N L{v2) = @
then L{v2) — L(ve) U{E} for some E € {C, ~C}.
=-rule if 1. Znr.C € £(v), v is not blocked, and
2. there are not n safe r-neighbours vq,... v, of v
withC'e L{v;)and v, v forl <i<j<n




rsity

The Universit
of Manchester

..-—
1
B e

MANCHESTER

1824

Why Description Logic?

* OWL exploits results of 15+ years of DL research

Well defined (model theoretic) semantics
Formal properties well understood (complexity, decidability)
Known reasoning algorithms

Implemented systems (highly optimised)

Ed Cerebra Fa CT++

MINDSWAP
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Why Description Logic?

* Foundational research was crucial to design of OWL

— Informed Working Group decisions at every stage, e.g.:

« “Why not extend the language with feature x, which is clearly
harmless?”

« “Adding x would lead to undecidability - see proofin [...]”
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Why the Strange Names?

* Description Logics are a family of KR formalisms
— Mainly distinguished by available operators
* Available operators indicated by letters in name, e.g.,
S : basic DL (ALC) plus transitive roles (e.g., ancestor € R,)
H : role hierarchy (e.g., hasDaughter v hasChild)
O : nominals/singleton classes (e.g., {Italy})
I : inverse roles (e.g., isChildOf = hasChild™)
N : number restrictions (e.g., >2hasChild, 63hasChild)
* Basic DL + role hierarchy + nominals + inverse + NR = SHOIN
— SHOIN is the basis for W3C’'s OWL Web Ontology Language
« SHOIN is very expressive, but still decidable (just)
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Class/Concept Constructors

Constructor DL Syntax | Example FOL Syntax
intersectionOf CyN...NCy, | HumannMale | Ci(@)A...ACy(z)
unionOf CiU...uCy | DoctoruLawyer | Ci(z) V...V Cp(x)
complementOf -C -Male -C(x)

oneOf {z}U...U{zy} | {john}U{mary} |z=z1V...Ve=uy
allValuesFrom VP.C vhasChild.Doctor | Vy.P(z,y) — C(y)
someValuesFrom iP.C JhasChild.Lawyer | Jy.P(z,y) A C(y)
maxCardinality <nP <lhasChild ISy P(z,y)
minCardinality >nP >2hasChild 37"y P(z,y)

C is a concept (class); P is a role (property); x is an individual name
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= Knowledge Base / Ontology
E::; * A TBox s a set of “schema” axioms (sentences), e.g.:

{Parent v Person u >1hasChild,
HappyParent ~ Parent u 8hasChild.(Intelligent £ Athletic)}

* An ABox is a set of “data” axioms (ground facts), e.g.:

{John:HappyParent,
John hasChild Mary}

* An OWL ontology is just a SHOIN KB
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OWL RDF/XML Exchange Syntax

E.g., Parent u 8hasChild.(Intelligent £ Athletic):

..-—
i
B e

<owl :Class>
<owl:intersectionOf rdf:parseType=
<owl:Class rdf:about="#Parent''/>
<owl :Restriction>
<owl :onProperty rdf:resource="#hasChild"/>
<owl :allValuesFrom>
<owl :unitonOf rdf:parseType="" collection>
<owl:Class rdf:about="#Intelligent'/>
<owl :Class rdf:about="#Athletic'/>
</owl :un1onOf>
</owl :allvValuesFrom>
</owl :Restriction>
</owl : intersectionOf>
</owl:Class>

collection''>
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Why Ontology Reasoning?

* Given key role of ontologies in many applications, it is essential to
provide tools and services to help users:

— Design and maintain high quality ontologies, e.g.:

 Meaningful — all named classes can have instances

| Concise Format Abstract Syntax [

OWL-Class: mad+cow

Explanation

mad+cow = owl:Nothing:

1) (mad+cow = ((Jeats . ((3part+of . sheep) Nbrain)) Ncow))

2) |_(sheep Canimal)

3) |_(cow Cvegetarian) :
4) |_(vegetarian = (animal N(¥Yeats . (-~ animal)) N(¥eats . (-~ (3part+of . animal))))) +

Axioms causing the inference ﬂl

Strike out irrelevant parts of axioms

4 owl.Nothing (Why?)
H ‘-: | | m}w
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Why Ontology Reasoning?

* Given key role of ontologies in many applications, it is essential to
provide tools and services to help users:

— Design and maintain high quality ontologies, e.g.:
 Meaningful — all named classes can have instances

« Correct — captures intuitions of domain experts
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Why Ontology Reasoning?

* Given key role of ontologies in many applications, it is essential to
provide tools and services to help users:

— Design and maintain high quality ontologies, e.g.:
 Meaningful — all named classes can have instances
» Correct — captures intuitions of domain experts

 Minimally redundant — no unintended synonyms

e

& ‘ o

r L T

i § f‘:,'_e :
‘T/ ’

Banana split Banana sundae
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Why Ontology Reasoning?

The Un
of Man

* Given key role of ontologies in many applications, it is essential to
provide tools and services to help users:

— Design and maintain high quality ontologies, e.g.:
 Meaningful — all named classes can have instances
» Correct — captures intuitions of domain experts
 Minimally redundant — no unintended synonyms

— Answer queries over ontology classes and instances, e.g.:
« Find more general/specific classes

» Retrieve individuals/tuples matching a given query
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Research Challenges
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“ Increasing Expressive Power

* Complex role inclusion axioms [Horrocks&Sattler, IJCAI-03]
— E.g., hasLocation + partOf v hasLocation

* Concrete domains/datatypes, e.g., [Lutz, IJCAI-99; Pan et al, ISWC-03]
— E.g., value comparison (income > expenditure)

* Database style keys [Lutz et al, JAIR 2004]
— E.g., make + model + chassis-number is a key for Vehicles

* Rule language extensions
— First order extensions (e.g., SWRL) [Horrocks et al, JWS, 2005]
— Hybrid language extensions, e.g., [Eiter et al, KR-04; Motik et al, ISWC-04]
— LP/F-Logic/Common Logic [Chen et al, JLP, 1993; de Bruijn et al, WWW-05]
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Improving Scalability

The Un
of Man

* Optimisation techniques
— Improve performance of DL reasoners, e.g., [Sirin et al, KR-06]
* Reduction to disjunctive Datalog [Motik et at, KR-04]
— Transform DL ontology to Datalog® rules
— Use LP techniques to deal with large numbers of ground facts
* Hybrid DL-DB systems [Horrocks et al, CADE-05]
— Use DB to store “Abox” (individual) axioms
— Cache inferences and use DB queries to answer/scope logical queries
* Polynomial time algorithms for sub-ALC logics [Baader et al, IJCAI-05]

— Graph based techniques for subsumption computation
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Tools and Infrastructure

Editors/environments

— Oiled, Protege, Swoop, Construct, Ontotrack, ...
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Tools and Infrastructure

* Editors/environments
— Oiled, Protege, Swoop, Construct, Ontotrack, ...

* Reasoning systems
— Cerebra, FaCT++, Kaon2, Pellet, Racer, ...

Tcerebra FaCT4++
Hacer

MINDSWAP



Yy
er

The Universit
of Manchest

MANCHESTER

1824

Tools and Infrastructure

* Editors/environments
— Oiled, Protege, Swoop, Construct, Ontotrack, ...

* Reasoning systems

— Cerebra, FaCT++, Kaon2, Pellet, Racer, ...

e Non-standard inferences

— Explanation, matching, least common subsumer, ...

Explanation

Axloms causing the inference:

1) (mad+cow = ((Jeats . ((Jpart+of . sheep) Mbrain)) Ncow))

2) |_(sheep Canimal)

3) |_(cow Cvegetarian)

4) | _(vegetarian = (animal N(Yeats . (- (Jpart+of . animal))) N(Veats . (- animal))))
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Tools and Infrastructure

* Editors/environments
— Oiled, Protege, Swoop, Construct, Ontotrack, ...
* Reasoning systems
— Cerebra, FaCT++, Kaon2, Pellet, Racer, ...
* Non-standard inferences
— Explanation, matching, least common subsumer, ...
* Designh methodologies

— Foundational ontologies,
modularisation, etc. Endurant Perdurant

Entity

Quality  Substantial Event  Stative

Achievement  Accomplishment
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e Semantic Web aims to make web content more
accessible to automated processes

— Adds semantic annotations to web resources

* Ontologies provide vocabulary for annotations

— Terms have well defined meaning

* OWL ontology language based on (description) logic

— Exploits results of basic research on complexity, reasoning, etc.

* Many research challenges remain

— Including expressive power, scalability and tools
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Resources

* FaCT++ system (open source)

— http://owl.man.ac.uk/factplusplus/

* Protege
— http://proteqge.stanford.edu/plugins/owl/

* W3C Web-Ontology (WebOnt) working group (OWL)
— http://www.w3.0rg/2001/sw/WebOnt/

* DL Handbook, Cambridge University Press
— http://books.cambridge.org/0521781760.htm



http://owl.man.ac.uk/factplusplus/
http://protege.stanford.edu/plugins/owl/
http://www.w3.org/2001/sw/WebOnt/
http://books.cambridge.org/0521781760.htm
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