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About The Module

° for this module are available af the module
site

http://cgi.csc.liv.ac.uk/"frank/teaching/comp08/comp321.html

Recommended readings:
o Steffen Staab et al. Handbook of Ontologies. Springer, 2004

e Franz Baader et al. The Description Logic Handbook.
Cambridge University Press, 2007

e Pascal Hitzler et al. Foundations of Semantic Web Technologies. CRC, 2009

e Serge Abiteboul et al. Web Dafa Management.
Cambridge University Press, 2011

Dean Allemang et al. Semantic Web for the Working Ontologist.

Morgan Kaufman, 2008
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Ontology: Origins and History

Ontology in Philosophy

) a philosophical discipline — a branch of phi-
OUVTONOYIX losophy that deals with the nature and the
organisation of reality

e Science of Being (Aristotle, Metaphysics, IV, 1)

e Tries to answer the questions:

- What characterises being?

- Eventually, what is being?

e How should things be classified?



Ontologies in Computer Science

"A formal, explicit specification of a shared
concepftualization”
[oased on Tom Gruber 1993]

A bit more concrete:

e Assume a domain of inferest such as Football, Medicine, a University, a
Department within a University, a retail company, etc.

e An onfology provides a model of such a domain that is shared by a group
of users and is given in a formal language.

e Nowadays, such a model is mostly given by infroducing a common vo-
cabulary that provides names for classes (concepts), properties of classes,
and attributes of classes. It also defines relationships between classes,
properties, and attributes.



Ontology examples: Lightweight taxonomies

Taxonomy is the practice and science of classification.

The word comes from the Greek raéws (Corder’) and vopos (law’ or ‘science’)

e Linnaean taxonomy: a classification of living things

(Carl Linnaeus, 1707-1778, ‘father of modern taxonomy”)

[T

Order Even-toed ungulates 3 suborders
N sovocer  Suoids 3 families
"B -y Wild pigs and boars 5 genera
F Family Peccaries 2 genera

| Hippopotamidae |21 11117 Hippopotamuses 2 genera
Genus Hippopotamus 1 species

H H. amphibius Species Common hippo No subspp

exaprotodo, Genus 1 species
H Species Pygmy hippo 1 subspp
m Suborder  Camels and Llamas 1 family
! Suborder  Ruminants 6 families

| Perissodactyla el Odd-toed ungulates 10 families

e Yahoo! Web Directory (http://dir.yahoo.com/)

e Open Directory Project 590,000 categories (http://dmoz.org/)

e Amazon product catalog
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Ontology examples: Heavy weight

e Cyc, upper ontology for all of human consensus reality (started in 1994)
http://www.opencyc.org/

the world’s largest and most complete general knowledge base and
commonsense reasoning engine

AMCCARTHY Cyc KB Browse: -osoft Internet Explorer

Ele Edit Yew Fawories Took Help
< . -
Back  Fowerd  Siop  PRefesh  Home | Search Faworites History | Mail
Adckess [) htip: /Jopencyc25t homelinux. org:3603/egrchr-start =] @60 |Links ?
8| Update Tools Nav Opt Login: Guest Machine: mccarthy
Complste_Jvenicle Clear | Show
*@PORoadVehicle Collection : RoadVehicle
Index
Viewpoint Filters : GAF Arg: 1
Create Similar] [Rename] [Merge] [Kill] Mt : BaseKB
[Force TMS] [Lexify] [EL Formulas] isa :9PublicConstant-D efinitional GAFsOK @PublicConstant-CommentOK ®PublicConstant
Documentation Mt : TransportationVocabularyM¢
Definitional Info isa : “ExistingObjectType “ProductType
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All GAFs (32) .
Argl (15) Mt : TramsportationVocabularyMt
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disjointWith® specialization of TransportationDevice-Vehicle, each instance of RoadVehicle is self-
comment powered. Consequently, road transportation devices which are not self-powered (for
genPhrage (2) example, all the instances of Bicycle) are not included in this collection.”
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Ontology examples: e-Science

e Open Biomedical Ontologies Consortium: GO http://www.geneontology.org/,
MGED http://mged.sourceforge.net/ontologies/MGEDontology.php,
Used, e.g., for 'in silico” investigations relating theory and data

Non-transmembrane PTP subtypes Receptor-like PTP Subtypes
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Ontology examples: Medicine

e Terminologies such as Snomed CT, NCI, Galen and FMA

Used, e.g., for semi-automated annotation of MRI images

preCentralGyrus (instance of owl:Class)

CLASS EDITOR

%

For Class: O preCentralGyrus  (instance of owl:.Class)

lnl-f‘ us | w

Name | SameAs | DifferentFrom | [ annotations D e®

ID

Property Value | Lang ‘

»

rdfs:comment

—_—
Asserted Inferred

Asserted Conditions @) ‘f Q: %

NECESSARY & SUFFICIENT
D Gyrus
() (3 IsMAEConnectedTo postCertralGyrus) L (3 IshaeC
©€) 3 IsMAEBoundedBy cerntralSulcus
) 3 IsMAEBoundedBy preCentralSulcus
MNECESSARY
() Left-preCentralGyrus U Right-preCertralGyrus

2 ¥ hasDirectAnatomicalPart (inferiorParsPreCentralGyrul_ €|,

E) 3 hasDirectAnatomicalPart superiorParsPreCentralGyry_ £ |
E) 3 hasDirectAnatomicalPart inferiorParsPreCentralGyrus] £ |
@ ¥ IsMAEBoundedBy (centralSulcus L preCentralSulcug €|

INHERITED

anaularGyrus L anteriorOrbitalSyrus L cinaulateGyrud £ )

b B ol

HE Propertis o ol LS & LA

» [= hasDirectAnatomicalPart  (routtiple 1&] |20
P = IsMAEBoundedBy  (multiple SulcalF

[=] hasAnatomicalPart  (mulliple AE) :

[ ig AnatomicalPartOf  (multiple AE)

[ isDirectanatomicalPartOf atipsle
[=]1sMAEConnectedTo  (multi

@ angularGyrus
@ superiorParietall obule

@D pisjoints & ®, ‘3 Ly

@ supraMarginalGyrus =
@) Logic View () Properties View

Clinicians use different terms that mean the same thing: ‘heart attack, ‘myocardial infarction,
and ‘Ml may mean the same thing to a cardiologist, but to a computer, they are all different.
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Ontology examples: organising complex information

e E.g.. UN-FAO, NASA, Ordnance Survey, General Motors,

Lockheed Martin,

File Edit Project OWL Code Window Tools Help

DlelE[+E[Eu)a] ¢+ [EEE@R][EE< Y]

CmeIégé

For Project: ® earthrealm
Asserted Hierarchy|¥|#| ] A[2]

» ©earthrealm:Benthic = earthrea
@ earthrealm:Catchment
@ earthrealm:Dam
» @ earthrealm:EarthRealm = eartl
v © earthrealm:fiord = earthrealm
¥ @ earthrealm:Fjord = carthrea
© earthrealm:fiord = earthr
@ earthrealm:Floodplain
» ©earthrealm:GroundSurfacelLay
» © earthrealm:Groundwater
» ©earthrealm:Land = earthrealm
» © earthrealm:Landlce = earthrez
» O earthrealm:Littoral = earthrea
» O earthrealm:LowerAtmosphere
© earthrealm:MiddleAtmospher:
>0 earthrealm:PIanetarvStructureO
» © earthrealm:RegionProperty

» © earthrealm:Sealce = earthreali|
e

Ontology Languages
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B @[] []+]

| © OWLClasses mProperties = Forms__#Individuals & Metadata |

SUBCLASS RELATIONSHIP ===} CLASS EDITOR <l=(F|7)

For Class: © earthrealm:fiord  (instance of owl:Class)

Name SameAs ' ' »! JAnnotations EEY
earthrealm:fiord =) Property Value La..
rdfs:comment

Asserted Inferred LG
Asserted Conditions [F]d]e) *mhas[)
NECESSARY & FICIEN ’“]isPE
© earthrealm:Fjord [=] *®nun
NECESSARY ®con
owl:Thing meartl.
NHERITED || ) ) v
3 hasCommon2DBorderWith earthrealm:OceanRegid.5] ﬁalj
3 hasCommon2DBorderWith earthrealm:LandRegiorl = E
¥ isPartOf (earthrealm:PlanetarySurfacelayer U earthln! UL

numerics:hasDimensions  [from numerics:Ge...]C5J

© Logic View O Properties View
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Ontology example application: Semantic Web

Where we are Today: the Syntactic Web

resource
resource

resource

resource

resource

Hotel category: Superior / Leisure !
1 ?‘ml
E ~

Ontology Lo%%.ugoef = sl A
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The Syntactic Web is...

A place where computers do the presentation (easy)
and people do the linking and interpreting (hard).

A hypermedia, a digital library

A library of documents (called web pages) interconnected by
links

A database, an application platform

A common portal to applications accessible through web pages.
and presenting their results as web pages

e A platform for multimedia
BBC Radio 4 anywhere in the world.

A naming scheme
Unique identity for those documents
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Impossible (?) using the Syntactic Web...

e Complex queries involving background knowledge
Find information about “animals that use sonar but are neither
bats nor dolphins” (e.g., Barn Owl)

e Locating information in data repositories
Travel enquiries

Prices of goods and services
Results of human genome experiments
e Finding and using “web services”
Visualise surface interactions between two proteins

e Delegating complex tasks fo web “agents”

Book me a holiday next weekend somewhere warm, not too far
away, and where they speak French or English

Ontology Languages 12



What is the Problem?

Consider a typical web page:

2 WWW2007: CFP - Microsoft Internet Explorer = [OX]
Fle Edt View Favartes Took Help o

) NG 0y 5> B
@ Back - () \ﬂ @ )| J e Gpraes €F) (- i B - _J i
Address @ it/ fumw 007 orgfcfp.php v B uis *
Coogle |Gl w2007 lGab @ @ B~y Bodkmorksr Bhishocked % chedd »  Aumalnk + () settings+

BANFF
20 @7

NS

16th International World Wide Web Conference
May 8-12, 2007
Banff, Alberta, CANADA

Preliminary CFP

| GENERAL INFO | BROWSERS AND USER INTERFAGES | DATAMNING |
| E* APPLICATIONS | INDUSTRIAL PRAGTICE & EXPERIENCE |
| PERFORMANCE AND SCALABILITY | PERVASIVE WWEB AND MOBILITY |
| BEARGH | BEGURITY, PRIVACY, RELIABILITY AND ETHICS | SEMANTIC WEE |
| TECHNOLOGY FOR DEVELOPING REGIONS | WEB ENGINEERING |
| e SERVICES | XML AND WEB DATA |
| PangLs | PosTERs | TUTORIALS | WWORKSHOPS |

The International Warld Wide Web Conference Committee (M3C2) cordially
invites you to participate in the 16th International Warld Wide Web Conference
(WAWAW2007) to be held on May 8-12, 2007 in Banff, Canada

The first W\ conference was held in 1994 at CERN, where the Web was born.
Since then, the conference series has become the premier venue for academics
and industry to present, demonstrate, and discuss the latest ideas about the
Wyeh

STUDENTS WAA200T will be held in Banff, Alberta, Canada at the world-famous Fairmont
Banff Springs Haotel. The technical program for the five-day conference will
5 SPONSORS include refereed paper presentations, plenary sessions, panels, and poster
s sessions, as well as tutorials, workshops, and special sessions for Yweb
MEDIA develapers, historians, and visionaries
| >

~

[£3

o Internet

B

Ontology Languages

Markup consists of:

- rendering information
(e.g., font size and
colour)

- hyper-links to related
content

Semantic content is
accessible to humans but
not (easily) to computer...
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What information can we see...

WWW2007

The sixteenth International World Wide Web Conference
May 8-12, 2007

Banff, Alberta, Canada

Preliminary Call for Papers
The International World Wide Web Conference Committee (IW3C2) cordially invites you

to participate in the 16th International World Wide Web Conference (WWW2007) to be
held on May 8-12, 2007 in Banff, Canada.

The first WWW conference was held in 1994 at CERN, where the Web was born. Since
then, the conference series has become the premier venue for academics and indus-
fry to present, demonstrate, and discuss the latest ideas about the Web.

WWW2007 will be held in Banff, Alberta, Canada at the world-famous Fairmont Banff
Springs Hotel. The technical program for the five-day conference will include refereed
paper presentations, plenary sessions, panels, and poster sessions, as well as tutorials,
workshops, and special sessions for Web developers, historians, and visionaries.
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What information can a machine see...

KK Koo T T X

Kk AWk TEVEORSVEOES0 X0 K:lskak kG LM% M¥%
* el X athcoes Y a6 T T X

TSl CORO VY -Hllekd

YeT#@:kOxkMeE0! 00 =10 Y0 A

Kk wWlVHORSV:EOES0 X100k ioksk ¥k -PUESEOREE UOORV VW ok Jeeo=
ATk @001 klS:EVEA 116 Vi O80V:isk:kOee Wk kil Vst coRVsk ScBVEORS V:EOESO
KAO@:k HKksiok k@ LUMERORMEER F¥HKee TP X= W Gk 5@k Ll k&8l X docoeey e0F X Lkl
- SlRE RS ESES

sk RO AV 300k KOOIk DR A Ckk@% skl codbdry/ $V ldeiikd PickTk Witk kO DEA
SUOED  kcklbks WeicklY Woisk kOOt AkOHRkA RSA OfskdO0x Wik OT%kOHk%0
skl @ H 0 S@kfickOlvckA Sl% e AVOl VO O AXEBVE 5::OLMA VO VY Sl kA
KOAA Vi @BVHAV kG A SOUOV Wiick kDN ¥¥Kkeo PP X PLOO G siok@k kMl - SMiskY
@GOV &Y - SM&kd €V Visk D ID@:k4ak@eO1e A ¢&:2000RY -l Ok A XOV:0D
Kk Wkskol k@@ OO KOO A0 Wik stk skl SAMOREkE )OO k@ Ok Tiska
#etek O@O%0 OO0 ABVEV:EOEAY OOxES0l AAARLEAY OSE<OAY &l: OUA VO
AAATIHAY ©A )OO A VOVUIESOAY DUOXAKITAY SlE ATRKEEO AxAARIEA
$0 ¥k FekSk@UTIHROAY kA VATRSEAY Sl <R AOESTRAN
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Solution: XML markup with “meaningful” tags?

<name>WWW2007

The sixteenth International World Wide Web Conference</name>
<date>May 8-12, 2007 < /date>

<location>Banff, Alberta, Canada</location>
<slogan>Preliminary Call for Papers</slogan>

<announcement>The International World Wide Web Conference Committee (IW3C?2)
cordially invites you to participate in the 16th International World Wide Web Confer-
ence (WWW2007) to be held on May 8-12, 2007 in Banff, Canada.</announcement>

<statement>The first WWW conference was held in 1994 at CERN, where the Web
was born. Since then, the conference series has become the premier venue for aca-
demics and industry to present, demonstrate, and discuss the latest ideas about the
Web. WWW2007 will be held in Banff, Alberta, Canada at the world-famous Fairmont
Banff Springs Hotel. The technical program for the five-day conference will include
refereed paper presentations, plenary sessions, panels, and poster sessions, as well as
tutorials, workshops, and special sessions for Web developers, historians,

and visionaries. < /statement>
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But What About...

<NAME > HHh Koo ¢
*4ek AKIWEEVE HVORSV:EOESO X100 X:kik ¥+ Ok < /name>
<date>x &l Xazrcoesy oI X< /date>

<location>--#lxxY @RV EY -al& e < /location>

<slogan> % #@::0:Me0l 00 +17 & IxJA</slogan>

<announcement>xssk RVEORS V:EOES0 *x10@% ik %G Ok 1024
OR VW Wk Fiok/ foos KO Tkk@O] kMS:: VA 106 VO OSO0V:kk:k I Vs kil Viok oR Wik
L EAVEOMREVE0ORS0 X100 Kok kO -+ MKk FHHKeo & & X W Gk ok @ LIl * £l

X trcoeoy oo T X Ml - EEY LSl RS < /announcement>

<statement> stk 2:xTAV ¥k KOk MkE DA k@ kll coddy/ SV -dsichd Dok
Witk k@ Dt A QUOES ekt VeicklY Veiek kOMsskORMex Ak A k@A Okk0% Wik
OO0 ol 210 gesk@iorOick A €k EEOAVOl VO O AEVE 5:xOLUMA VOISV kY
Sl RAKOAA Vik @B VHAV sk A SOV Wik kGO ke 2P X D:LOO® O3k i@k kIl
SSlERE C@OGHOVEY leie &V Vick D@k 4Ol A +4:00URY -elkk xO00:kmk

* V@ < /statement>
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Still the Machine only sees...

<HEO%>HHHKeo TP X

*34ek AKIWEEVE SV OERSV:EOESO X100 X:kiok ¥kQ FOMEx Mk < /HeEO% >
HBWE>S k8] Xotscoesl o0 T TXL [#BWE>

< @k VEOE > -2 lsY CODROVERY -l e < /@ ke V:k0N>

< AOLKEE> Xx@::OxEE0l 200 00 LI+ 0A</AOEN>

< SHEDOEEHO+EV > ik wRVORS VEOES0 ¥ 100k ik kG LM xRk 1024
OR VW Wk Fiok/ oos KO Tkk@O] kMS:: VA 106 VO OSO0V:kk:k e Vs kil Viok oR Wik
VO V:EOES0 X100 K:kisk ¥4 UM IREE XKoo &2 X= W Gk k@i 1Ml &1
Xl - eleny elSses < /¢HEDOmE:O+EV >

< AVSVEORMY > kok kAW ¥k kORI IE D A k@ kll codedhy/ BV Lok Pifesk Ik
Wik ¥k0 DA COOES kllk WaicklY Wiiok OOk ARRRA k@A Ok00% Wik
O0%Osek kMO 200 Sk@ixONkA ¢l% AVl VO O AEVY 5:O0MA VIS VY
SlE SR AKO AL Viick @B VHAV ik A 8OOV Wik HkQ0 ¥¥Kkeo T IX DR OO Ok 4k @% :Hl
S+ llerY COOROVEY L ElS e €V Vick D@4 438006 A +&:x000RY -l kO0:kmb
*AVH@DLBN </ AVSVEOKEVY >

X #ocoes ) o6

Need to add ontologies: agreement on the meaning of annotations!
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Aims of this Module

e To infroduce logical languages used to build ontologies and terminologies
in computer science and information systems.

e To introduce logic-based methodologies for designing and maintaining
ontologies.

e TO introduce reasoning problems and procedures in standard ontology
languages such as description logics.

e To study the trade-off between expressive power and computational com-
plexity of reasoning for ontology languages.

e To study applications of ontologies in bio-informatics, medical informatics,
and the semantic web.
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Learning Outcomes of this Module
At the conclusion of the course students should:

e Be able to translate natural language to standard ontology languages
(such as description logics) and back.

¢ Understand the formal semantics of standard ontology languages.
e Be able fo design ontologies in standard onfology languages.

e Understand and be able to apply reasoning procedures for description
logics.

e Be able to apply ontologies in computer science applications.

e Understand how reasoning is used in the design and maintenance of on-
tologies.
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Syllabus

Intfroduction to ontologies and terminologies and their applications (2 lec-
tures)

Intfroduction to ontology languages: Description Logics, Rule-based lan-
guages, first-order logic (7 lectures)

Infroduction to the design and maintenance of ontologies (6 lectures)

Algorithms for reasoning in description logics and their applications (11
lectures)

Ontologies and databases (4 lectures)
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Requirements for ontology languages

e A well-defined syntax.

This is a necessary condition for machine-processing of ontologies.

e A formal semantics; i.e., a precise description of the meaning of the sen-
tences of an ontology.

One important use of a formal semantics is to define what the correct
answers to queries to an ontology are.

In what follows answering queries will also be called reasoning.

o efficient automated support for answering queries (also called automated
reasoning support).

o sufficient expressive power to model the domain of interest.
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Some ontology languages

Weak languages:

e From conceptual modeling: ER-diagrams, UML-diagrams.
e Schema.org (Microdata, RDFa) for markup of welbsites

e The Resource Description Framework (RDF) and its extension RDFS with
schema vocabulary:.

More expressive languages:

e Description logics and the standard OWL (Web Ontology Language);
e Datalog and rule-based languages;
e Conceptual graphs;

e Predicate Logic.
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