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What is an Ontology?

A model of (some aspect of) the world

° Introduces vocabulary
relevant to domain, e.g.:

— Anatomy Pineapple  Mushrooms

Pizza Crust

— Cellular biology
— Aerospace
— Photography
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What is an Ontology?

A model of (some aspect of) the world

° Introduces vocabulary
relevant to domain

* Specifies relative meaning
(aka semantics) of terms

Heart is a muscular organ that
Is part of the circulatory system

°* Formalised e.g. using suitable logic

Heart = MuscularOrgan I
disPartOf.CirculatorySystem




What are Ontologies Used For?

* (Coherent shared view of domain

— Help identify and resolve disagreements

* Ontology-based Information Systems

— User-centric view of data that is
independent of logical/physical schema

— Answers reflect knowledge & data, e.g.:

Now... that should clear up a
few things around here




What are Ontologies Used For?

Q(x) « Patient(z) A suffersFrom(z,y) A VascularDisease(y)

i.e., “Patients suffering from Vascular Disease”




What are Ontologies Used For?

Q(x) « Patient(z) A suffersFrom(z,y) A VascularDisease(y)

i.e., “Patients suffering from Vascular Disease”

John : Patient M
dsuffersFrom.HeartDisease




What are Ontologies Used For?

Q(x) « Patient(z) A suffersFrom(z,y) A VascularDisease(y)

i.e., “Patients suffering from Vascular Disease”

John : Patient M
dsuffersFrom.HeartDisease

+

Heart C MuscularOrgan M
disPartOf.CirculatorySystem
HeartDisease = Disease "
Jaffects.Heart
VascularDisease = Disease N
Jaffects.(JisPartOf.CirculatorySystem)




What are Ontologies Used For?

* (Coherent shared view of domain

— Help identify and resolve disagreements

° Ontology-based Information Systems

— User-centric view of data that is
independent of logical/physical schema

— Answers reflect knowledge & data, e.g.:

“Patients suffering from Vascular Disease”
— Query expansion/navigation/refinement

— Incomplete and semi-structured data

Now... that should clear up a

More “intelligent” applications few things around here




What are Ontologies Used For?
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What is the Semantic Web?
* According to TBL circa 1998:

“... a consistent logical web of data ...” in which
“... information is given well-defined meaning ...”

* By now has evolved into:

“a platform for distributed applications and sharing (linking) data”
— RDF provides uniform syntactic structure for data

— OWL provides machine readable schemas (ontologies)

l.e., a large distributed ontology based information system




A Brief History of OWL

* RDF standard first published 1999; revised 2004
* RDF extended to RDFS, a primitive ontology language

— classes and properties; sub/super-classes (and properties);
range and domain (of properties)

° But RDFS lacks important features, e.g.:

— existence/cardinality constraints; transitive/inverse properties;
localised range and domain constraints, ...

* And RDF(S) has “higher order flavour” with no
(later non-standard) formal semantics

— difficult to understand or to provide reasoning support
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A Brief History of OWL

EU On-To-Knowledge project developed OIL

DAML program developed DAML-ONT

Efforts soon merged to produce DAML+OIL

— Further development carried out by “Joint EU/US Committee”

DAML+OIL submitted to W3C as basis for standardisation
— WebOnt WG developed OWL (2004)
— OWL WG developed OWL 2 (2009)

OWL (2) based on SHOIN (SROIQ)
Description Logics!?




What are Description Logics (DLs)?

* Fragments of first order logic designed for KR

* Useful computational properties
— Decidable (essential)

— Low complexity (desirable)

° Succinct and variable free syntax

Heart C MuscularOrgan I
disPartOf.CirculatorySystem

Vx.|Heart(x) — MuscularOrgan(z) A
Jy.[isPartOf(z,y) A
CirculatorySystem(y)]]




Why base OWL on a (Description) Logic?

Can exploit the results of 20+ years of DL research

— Well defined (model theoretic) semantics

Constructor DL Syntax Example FOL Syntax
intersectionOf CyM...NCy | Humanm Male Ci(z) A...ACy(zx)
unionOf CyU...uCy | DoctoruLawyer | Cy(z) V...V Cp(z)
complementOf -C -Male -C(x)

oneOf {ztU...U{zy} | {John}U{mary} |z=z1V...Vz=u,
allValuesFrom YP.C vhasChild.Doctor | Vy.P(z,y) — C(y)
someValuesFrom iP.C JhasChild.Lawyer | Jy.P(z,y) A C(y)
maxCardinality <nP <1lhasChild ISy P(z,y)
minCardinality >nP >2hasChild 37y, P(z,y)




Why base OWL on a (Description) Logic?

Can exploit the results of 20+ 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]



Why base OWL on a (Description) Logic?

Can exploit the results of 20+ years of DL research

— Well defined (model theoretic) semantics
— Formal properties well understood (complexity, decidability)

— Practical reasoning algorithms

M-rule if 1. (C1 M C2) € L(v), v is not indirectly blocked, and
2. {C1.C2} & L(v)
then L(v) — L(v) U {Cy,Cs}.
Ll-rule if 1. (C, U Cy) € L(v), v is not indirectly blocked, and
2.{C1.Cot N L(v) =10
then L(v) — L(v) U{E} for some E € {C,C>}
J-rule if 1. Ir.C' € L(v1), v1 is not blocked, and
2. v1 has no safe r-neighbour v2 with C' € L(v1),
then create a new node v and an edge (v1, v2)
with £(v2) = {C'} and L({v1,v2)) = {r}.
V-rule if 1. ¥r.C' € L(vy), vy is not indirectly blocked, and
2. there is an r-neighbour vy of vy with C' & L(v2)
then L(vs) — L(ws) U {C}.
WV, -rule if 1. ¥r.C' € L(vy), vy is not indirectly blocked, and
2. there is some role " with Trans(r’) and ' & r
3. there is an r'-neighbour vy of vy with Vor'.C' ¢ L(v3)
then L(vs) — L(wy) U {¥r'.C}.
choose-rule if 1. <nr.C' € L£(v1), v1 is not indirectly blocked, and
2. there is an r-neighbour vy of vy with {C, -C'} N L(v2) =0
then L(v2) — L(v2) U {E} for some E € {C, ~C}.
=-rule if 1. Znr.C € L(v), v is not blocked, and
2. there are not n safe r-neighbours vy, ..., v, of v
withC' € L(v;)and v; # v forl <i<j<n

]




Why base OWL on a (Description) Logic?

Can exploit the results of 20+ years of DL research

— Well defined (model theoretic) semantics

— Formal properties well understood (complexity, decidability)
— Practical reasoning algorithms

— Effective implemented systems

¢ Hermit FaCT++4 OrACLE

5) KAON2 (LD CEL Yo T"OW’—

v www.trowl.eu
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What did OWL ever do for us?

Ontologies before:

Name Original de- primi- | arti- > de- primi-
Language || fined | tive ficial fined | tive
concepts roles
CKB SB-ONE 23 57 58 | 138 2 46
Companies | BACK 70 15 81 196 1 39
F'SS SB-ONE 34 98 | 207 0 47
Espresso SB-ONE 0 145 79 | 224 11 41
Wisber TURQ 50 81 152 | 283 6 I8
Wines CLASSIC 50 148 237 | 435 0 10




What did OWL ever do for us?

Ontologies after:

OO

Swoogle Semantic Web Search Engine

[ - | > J &I‘ http://swoogle.umbc.edu/ Q Google

Want more results? Login

9 2007

Searching over 10,000 ontologies

Swoo

semantic web search

ontology document term more>>

o

Swoogle Search




What did OWL ever do for us?

Ontologies after:

Welcome to the Protege Ontology Library!

OWL ontologies

= AIM@SHAPE Ontologies f: Ontologies pertaining to digital shapes. Source: AIM@SHAPE
NoE @ - Advanced and Innovative Models And Tools for the development of Semantic-based
systems for Handling, Acquiring, and Processing knowledge Embedded in multidimensional
digital objects.

= amino-acid.owl i&: A small OWL ontology of amino acids and their properties. Source: Amino
Acid Ontology Web site .

* Basic Formal Ontology (BFO) &

* bhakti.owl &’: An OWL ontology for the transcendental states of consciousness experienced by
practitioners of bhakti-yoga, a form of Vedic consciousness engineering.

* Biochemical Ontologies : Over 30 ontologies for knowledge representation and reasoning
across scientific domains. Ontologies are normalized into non-disjoint primitive skeletons and




What did OWL ever do for us?

“Profile” before:

OO0 DL2000 (2000 International Workshop on Description Logics)
< | » ||+ [Shup://dlkr.org/di2000/ ¢ | (Qr Google )
. . . . a
2000 International Workshop on Description Logics -
DL2000
RWTH Aachen, Germany
August 17 - August 19, 2000 y

A copy of the proceedings Proceedings is available for free.

Call for Participation

The 2000 International Workshop on Description Logics continues the tradition of international workshops devoted to discussing
developments and applications of knowledge representation formalisms based on Description Logics. Demonstrations of systems and
DL-based applications will be possible and people interested are encouraged to get in touch with the organizers.

DL2000 will precede ECAI2000 (14th European Conference on Artificial Intelligence) which will be held in Berlin, Germany,
August 20-25, 2000. DL2000 overlaps with ICCS2000 which will be held in Darmstadt, Germany, August 13-18, 2000. There is an
agreement with the ICCS organizers that DL-related sessions at the ICCS conference will be scheduled on non-overlapping days.

DL2000 is supported by the Graduiertenkolleg Informatik und Technik of the University of Technology in Aachen (RWTH).




What did OWL ever do for us?

“Profile” after:

WILS

cCo7ije

: Y
¥ NS

Designing and Building Business Ontologies

An Intensive 4-DAY SEMINAR with Workshops and Demonstratlons, %l’lly nabling the
Enterprise led by Dave McComb and Simon Robe

N (\0“

Participan
2

|n a anding of what an ontology is and what it can be used for.
= a

ora snmple taxonomy

based/ derivable classes.
¢ Understand the difference between open world and closed world models.
« Understand the basic principles for designing Ontologies for corporate applications.

rences | ¥

nd how representing information in an ontology goes beyond a conceptual model

e Understand the difference between frame based/ declarative classes and description logic




What did OWL ever do for us?
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What did OWL ever do for us?

Applications after:

eScience, eCommerce, geography, engineering,
defence, ...

Major impact in healthcare and life sciences

Mainstream technology supported by,
e.g., ORACLE 119

Increasing impact in business applications



What did OWL ever do for us?

Peter and lan before:
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Peter and lan after:




What did OWL ever do for us?

Tools before:

> (load-tkb "demo.kb" :verbose T)

> (classify-tkb :mode :stars)

pPPpPpPPrPpPpPPPPPpPPppccpcppccCpCppCpCppcCcCppCcCpCpP
pccccppcpcppccep
T

> (direct-supers 'MAN)
(c[HUMAN] c[MALE])

>




What did OWL ever do for us?

Tools after:

A [ File Edit Navigate Search Project Window Help
File View Settings Help SWOOP v2.2b =
BrEHE 8B P = [Eow)
Search: |In m Reset | e (1M = =
< Wel o p—n 1 » 1eAll (2 Ontology Navigato =2 = O 3 Entity Properties £3 ™1 Materialze inferences | =) SPARQL Query View| df Ontology Visualizer| 4 = [
Icome to otégé Demo! | collpse | new | Remove & NewOntologyProject [OWL2]
My WebProtéos ) e o . 4 geopolitical.owl OWL Ontology
Classes *  Propertes *  Indwiuis % Noles and Discussions * @I’“ﬂ. . < pizaowt URL [ http://aims.fao.org/acs/geopolitical.owl
b,
e A o] proorial thog.ond Location | file:/C:/L p/NeOnToolkit/worksp: ject/ L
Classes /@ /(8/x| | Properties for Oncogene oo ey b, st ot
Create  Dekte  waich v | Search: | Type search Add property value  Delete propery value ‘m 1aTy " angl = | A class [ Addrogenty [ Remove [ Rename. ¥ SAscS
3 @ Gene © Property . Vale Lang ¥ Show Imports. ¥ Qhames. ROFS Classes 12
S T e e -
@ & Apoptosis_Regultion_Gene DEEROH s ~ 4 4 4 IM_KS v"_:L J Data Properties 79
3 & Cancer_Gene ©: Halone: @ phenomenseaonr ; :
© o BCAR2 Gene o cased by, el (© ubsome Seatce &3 Object Properties 6
@ » BCAS1 Gene = (© human_actwies sense
@ @ BRCATA Gene Axioms for Oncogene -@@)x| human_actvies:Hearing
B onFor Drug | @ umn scvinsiioon
- ‘Superclasses (Necessary conditions) . O B0 Bet G0 e mee T e
@ o GR6_Gene —{d (© spacesbroken
Cancer_Gene g > 2]
@ & HHCM_Gene Gene_Found_In_Organism some Human P JOER €00 ol Y NEFEOS B EE o “{
@ ® Metastasis_Gene Gene_Piays_Role_In_Process same Oncogenesis < O spacerpatch >
@ o Metastais_Suppressor_Gene e ey | @ e W— . @ a— ® w——
: : "‘575"‘@ =| | Notes Tree for Oncogene J2@x £ causes [ @;Fm:whmwvv
Oncogene V1 (©) space:Deep ———
Yy rr—— New Topic A Colapsear inon jpcree Orentummn Summaam .
lumor_Promoter_induced_Gene: 'V Oncogene definition in Wikipedia Guest Example Orepies 0 mins ago’  spoce:Victy st LAY
@ o Tumor_Suppressor_Gene &-© spaceisaecaeoory . . -y |
@ & Cell_Cycle_Gene An oncogene is a gene that, when mutated or expressed at high levels, helps tum a normal cell into (© spac " — # —
& @ Choperone_Gene a tumorcell allevi © et
. = (© space:spatiatscale.
Direct link: http://en.wikipedia.org/wiki/Oncogene % space:Mesoscele
© space:Syopticscale
Open et Archive Delete OB02010 125937 POT b | statistics
I iy e s FE g T
S Generl Fo g " Wm— -
4 _ Symptom ¥ Nowre Syephom - * o
Nawepace — . ——— -
.
vpe prope | quivalnnts | - e
3) has-class _ drives. ([has colo) = Subclass -
Hahucrton
. .
tenanty Is)
SemonOvpty LT— fe9an
Wegnion - ——
Datatppe Preg
= Associations
Sucacki P
“2t 2 0 ol e
I




Tools, Tools, Tools

Major benefit of OWL has been huge increase in range
and sophistication of tools and infrastructure:




Tools, Tools, Tools

Major benefit of OWL has been huge increase in range
and sophistication of tools and infrastructure:

* Editors/development environments

=loix
|

| I~ Sowinherted 7 show Changes |7 Edable

‘Concise Forme | 151 ¢
OWL-Class: space DistancaCateqors.

A FORR | Tt

oss.0M

[SomethingE xistin: cperty.ont
Fairecsim ond

frotecil_thing ol
bunercs.ont

Ontology Change Logging: ensbled (Press.
Lt dizsble)
Uncommitted

Intersaction ofs (A2d)

[TemporalThing
F 1 statingP oint —

; ’
@1 zpacethasDirection) (Dslste)

Jruman_sctites. ol
e il

/’/ )
Individual ] {2004-09-28 23:37148)
ndividual SEMOUE SUDER CLASS (space:.
\-W ol Jﬂl"‘—l—l—rl__] ouT] R P— oY
: 4= [ o ey g roes - () (2004-09-28 21:58:16)
: —1 aull, s i | ropey Too| At | Subcdase ot () 150 bisaoint CASSES (unds
©) numerics:Varisble 2] (undo) (space:SizeCategory, space;
{©) phenomena:SeaFloor (¥zpace:hasAssociatedQuantity . property Distance) (Delste] Liatanalatzii
btancesel
- G e ——
i [ —
File Log R( -« sMedicationFor Drug (© human_actkes Vson
File Log R : - [ Prg————
D@‘ gl >— L —
= X v A EE T EAR T T ETEE I ETE Or””
£ < L
_ O s W B @ e @ ——
D, N L -
Phenomenon Lo e O Pt s ot ot
WE R AN e e —— PR, *7en
i ¢ e - =)
(© spaceitig o — * —
I (©) space:smal
5 (©) space:Spaiaticale
© saceesoscse
(©) sosce:symoptsese
KT} |
— Wrges Thgu T
S— " B——
< Symplom ¥ (ipaiy o
l Noromoce . —
[ n
yne propet 1 quivalonts -
3 has-class _drives (ihas colo = Subclyss
Hakcnon
0 vt . I1s)
Mt‘”u LR L . 0 -
Semaon I L — ° L]
Wagnton > O .
Datatppe Prep. Ot e
= Associations
e Cwesse Suoencki P
/home/horrocks/ systems; OilEd/ ontologies/mad_cows.dami CEEAE © i v S
@




Tools, Tools, Tools

Major benefit of OWL has been huge increase in range
and sophistication of tools and infrastructure:

* Editors/development environments

* Reasoners

o Hermit FaCT+4+ ORrRACLE

5) KAON2 (LD CEL Yo

v www.trowl.eu




Tools, Tools, Tools

Major benefit of OWL has been huge increase in range
and sophistication of tools and infrastructure:

* Editors/development environments

® Re a S O n e rS File View Bookmarks Resource Holder Advanced About

4 > ~Address: hitp://www.mindswap.org/ontologies/tambis-full.owl S

| & Ontology List ) Show Inherited || Changes/Annotations || Editable

Ontology Info. . Species Validation |

* Explanation, o s i

Annotations:
] . gn ]
Ifl I n — Root/Derived Debugging Information:
144 unsatisfiable classes:
Add (€ ) Add [F) J( Add L J
root unsat. classes (3)
. ] . ( awecr ) ( mremove ) (( Rename ) 1a1)
and pinpointing s e w
[Gl.'hu | Property Tree  List | nonmetal (140)
. owl:Thing n
» (© function derived unsat. classes (141) parent dependencies
» (C) mental o
» (C) modifier acetylation-site medification-site, protein-part,
» (© physical active-site macromolecule-part, protein, site, protein-part
» (©) process alkali-meta nonmetal, ?, metal, metalloid,
» (C) structure
» (© substance ipha-helix aratein-snure, ;
= alpha-helix -
© xsd:integer magcromolecylar-compound,
©) xsd:string amidation-site medification-site, protein-part,
R J owl:Nothing
@ methylation-site amino-acid
. complement-dna
@ phosphorylation-site aot-codon
@ geranyl-geranyl-attachment-site astatine
@ dna-binding-site s atom nonmatal, metal, o .

@ alkali-metal
A pconcnea * beta-sheet

( Lookup ) 7] AN Ontologies?




Why Do We Need Tools?

* Developing and using ontologies is hard




Why Do We Need Tools?

* Developing and using ontologies is hard

* Reasoning enabled tools allow K-Eng to check if, e.g.:
— classes are consistent (no “obvious™ errors)

,_{ Concise Format = Abstract Syntax }_{ | 2 }_\
OWL-Class: mad+cow

Explanation

‘000

Axioms causing the inference
mad+cow = owl:Nothing:

1) (mad+cow = ((Jeats . ((3part+of . sheep) Nbrain)) Ncow))
2) |_(sheep Canimal)

3) |_(cow Cvegetarian) A
3 4) |_(vegetarian = (animal N(¥eats . (~ animal)) N(Yeats . (- (3part+of . animal))))) v
(] Strike out irrelevant parts of axioms

y
by owl:Nothing (Why?) ”
/ &

C) 2003: RICK LONDON / JOEL COUBHLIN




Why Do We Need Tools?

* Developing and using ontologies is hard

* Reasoning enabled tools allow K-Eng to check if, e.g.:

— classes are consistent (no “obvious™ errors)

— expected subsumptions hold (consistent with intuitions)



Why Do We Need Tools?

* Developing and using ontologies is hard

* Reasoning enabled tools allow K-Eng to check if, e.g.:

— classes are consistent (no “obvious™ errors)

— expected subsumptions hold (consistent with intuitions)
— unexpected equivalences hold (unintended synonyms)

Banana split Banana sundae
< /

sl .'-:'! FN,W”



Case Study: HCLS

OBO foundry includes more than 100 biological and
biomedical ontologies

J

Siemens “actively building OWL based clinical solutions’

OWL tools used to find and repair critical errors in
ontology used at Columbia Presbyterian

SNOMED-CT (Clinical Terms) ontology

— used in healthcare systems of more than 15 countries, including
Australia, Canada, Denmark, Spain, Sweden and the UK

— also used by major US providers, e.g., Kaiser Permanente
— ontology provides common vocabulary for recording clinical data



Case Study: HCLS

SNOMED is BIG - over 400,000 concepts




Case Study: HCLS

SNOMED is BIG - over 400,000 concepts

&1 CliniClue 2006: SNOMED CT(International 0801intl[Release]) [Registered user: phendler@hotmail.com]

File Edit Subsets Restrict Language Layout Tools Help

AN T AR B W=k

_—

Concept 1d| 154283005

ﬂ|TB - Pulmonary tuberculosis ——

Pulmonary Tuberculosis

Descriptionld| 1784750013 |clinical finding

pneumonitis

inflamatory disorder of
lower respiratory tract

Pulmonary disease
due to Mycobacteria

1 _ | iz = < pulmonary tuberculosis - Definition
IWl:lrds any order il E = v goncept Status: Current
) “Descriptions
Eind |pu|monary tuber HE pulmonary tuberculosis (disorder)
[d pulmonary tuberculosis | & pulmonary tuberculosis A
"EPTE - Puimonary tuberculg
[& pulmonary tuberose sclerosis ETB - Pulmonary tuberculgfis
EPTE - Pulmonary tuberculosis Definition: Fully defined by
Einactive pulmonary tuberculosis wis a
= pneurmnonitis
[ inflammatory disord Ower respira
E [ disorder of lung
Hierarchy |Subtype hierarchy = p)inflammation of specific body organs
. [l tuberculosis
[€205237003 pneuml:lnlt!s = = pulmonary disease due to Mycobacteria
[€56717001 tuberculosis pinfectious disease of lung
[[d584353005 pulmonary dlsease due tcl Mycobacteria R bacterial lower respiratary infection
J = ) mycobacteriosis
-42869?002 mactwe tuberculnms of lung Scausative agent
H& 186175002 !nflltratnve lung tuberculosr; ) HMycobacterium tuberculosis complex
+[« 186188004 isolated tracheal or bronchial tuberculosis Group
H& 77668003 isolated tracheal tqberculosis associated morphology
H€ 80602006 nodular tuberculosis of lung inding site
+[a 186192006 respiratory tuberculosis, bacteriologically and hist S #[#lung structure
[E186202007 resplrator\/ tuberculosis, not confirmed bacteg] T SQuaiifiers
. o severity
fou nd | n R severities
episodici
s g fuberc u[w:r:,}_‘ ur IL ng conf!rmed by culture onl_y episonc;icities
-186193001 tuberculosis of lung, confirmed by sputum micros clinical course
[« 186185008 tuberculosis of lung, confirmed histologically SR courses
H€ 23022004 tuberculous bronchiectasis BCodes
HE 50117007 tuberculous fibrosis of lung v/ Lriningl Snormedid © R-FAGR3




Case Study: HCLS

* Kaiser Permanente extending SNOMED to express, eg.:
— non-viral pneumonia (negation)

— infectious pneumonia is caused by a virus or a bacterium
(disjunction)

— double pneumonia occurs in two lungs (cardinalities)

°* This is easy in SNOMED-OWL

— but reasoner failed to find expected subsumptions, e.g., that
bacterial pneumonia is a kind of non-viral pneumonia

* Ontology highly under-constrained: need to add
disjointness axioms (at least)

— virus and bacterium must be disjoint




Case Study: HCLS

* Adding disjointness led to surprising results

— many classes become inconsistent, e.g., percutanious
embolization of hepatic artery using fluoroscopy guidance

* Cause of inconsistencies identified as class groin

— groin asserted to be subclass of both abdomen and leg

— abdomen and leg are disjoint

— modelling of groin (and other similar “junction” regions)
identified as incorrect




Case Study: HCLS

* Correct modelling of groin is quite complex, e.g.:

— groin has a part that is part of the abdomen, and has a part
that is part of the leg (inverse properties)

Groin C JhasPart.(JisPartOf.Abdomen))
Groin C JhasPart.(JisPartOf.Leg)
hasPart =isPartOf~

— all parts of the groin are part of the abdomen or the leg
(disjunction)

Groin C VYhasPart.(3isPartOf.(Abdomen U Leg))



(a7

Case Study: HCLS

What we learned:

* Ontology engineering is error prone

— errors of omission (e.g., disjointness) and commission (e.g.,
modelling of groin)

* Expressive features of OWL are sometimes needed

* Sophisticated tool support is essential
— handling ontologies of this size is challenging

— domain experts (and logicians!) often need help to understand
the (root) cause of both inconsistencies and non-subsumptions

— surprising and unexplained (non-) inferences are frustrating
for users and may cause them to lose faith in the reasoner




Case Study: BBC
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Case Study: BBC
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Why Ontology Reasoning?




Why Ontology Reasoning?

Q(x) « Patient(z) A suffersFrom(z,y) A VascularDisease(y)

i.e., “Patients suffering from Vascular Disease”

John : Patient
JdsuffersFrom.HeartDisease

+ = Q(John) 7

Heart C_ MuscularOrgan M
disPartOf.CirculatorySystem
HeartDisease = Disease
Jaffects.Heart
VascularDisease = Disease [
Jaffects.(JisPartOf.CirculatorySystem)




More Tools

Major benefit of OWL has been huge increase in range
and sophistication of tools and infrastructure:

[}
. I l lteg ratl OI l al ld EJ|A0.0W| (http:/Awww.semanticweb.org/ontologies/2008/9/JIA0.owl) - [C:\Archivos de programa\Protege_4.0_beta101\contentCVS_local\Jl... ﬁ\ﬁq

Fle Edt Ontologies Reasoner Tools Refactor Tabs View Window ContentCVS Help

- H <L > [O JIAD.owl (Hittp: iAWy semanticweb orglontologies/2008/9/1A0 owl) v] .[
mOdu Iarlsatlon | Active Ortology | Entties | Classes | Object Properties | Date Properties | Individusls | OWLViz = DL Guery | CorfertCVS Manager |

| CVS Conflict Manager ] Local Axiom Changes [ Local Entity Changes

ContentCVS Manager

Cortent CVS Actions Local Revision Information Contert CVS Advices
URE [ G owl *, An'UPDATE'is necessary & Refresh
& e}
CVS Server:  localhost 1111
1 Confict Status 1o be Scived [ & soved
Versiorn 2
Local Axioms Repostory Axioms
General Class Axioms General Class Axioms
RuRA and Systemic_Disease subClassOf JRA TodRA and (affects some Whole_Body) subClassOf V)

» Systemic_JRA
JRA
PuJRA subClassOf RA and Systemic_Disease "
&JM subClassOf RA and (suffered_By some Child)

Poly_JRA

@Poly_JRA subClassOf JRA and Multi_Joint_Dis @)|| | Pev-irA

SuPoly_JRA subClassOf AbnormalRA @ |DPoly_JRA subClassOf JRA and (affects exactly 3 Joint) 9
DPoly_JRA subClassOf hasRF only Positive_RF V)

Oly_JRA

®Oly_JRA subClassOf JRA and (not Poly_JRA) @| [
ToFever subClassOf Thing V)
&Syttomlc_JRA subClassOf JRA and (has_Symptom 0

some Fever)

[ \AmvewwAcrorwsromtRGm] I &% PREVIEW MERGING IN A NEVW FRAME ]




More Tools

Major benefit of OWL has been huge increase in range
and sophistication of tools and infrastructure:
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More Tools

Major benefit of OWL has been huge increase in range
and sophistication of tools and infrastructure:

* Integration and i o
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More Tools

Major benefit of OWL has been huge increase in range
and sophistication of tools and infrastructure:

'Y - 000 Protege Plugin Library - Protege Wiki
n e g ra I O n a n | | > | + | <€ http://protegewiki.stanford.edu/wiki/Protege_Plugin_Library [ 1 (Q~ Google )
Home RightMove OWL Googlev ISWC-2010v Oxfordv Travelv Reviewingv e v Newsv v
. . Google Calendar 1 EPSRC Fellowships ... 1 Ernesto Jimenez-R... 1 http:/ /www.ulster.... 1 Protégé plug-ins &... 1 Protege Plugin Libr... +
modularisation S
page || discussion | [ viewsource || history |
. @ rotégé
Y E Xt ra Ctl O n ZoCY: Welcome to the Protege Plugin Library!
The Protege Plugin Library offers a convenient place for the Protege community to find open source and commercial Protege plugins that
enhance the Protege application.
naviaaton The plugins on our Wiki were developed either here at Stanford or by our user community, as extensions to the core Protege system, or to
] = Main Page the Protege-Frames editor and/or the Protege-OWL editor. Follow individual instructions to download and install the plugins that are of
[ ‘ O m a rl S O n = AllCategories interest to you. We always welcome contributions from our user community. If you have developed software that you think would be of
= All Properties interest to others, please register your plugin and your organization (see the green box on the right-hand side of this page).
= Al Templates It may be of interest to our user community that the Protege Wiki uses the Semantic MediaWiki & extension and thus is a true semantic
= AllForms wiki. By using semantic technologies, we are able to provide a knowledge repository and platform for publishing inf ion about Protege
= Ontology Library plugins as well as intelligent search capabilities for particular plugins and associated organizations. L
. ro te e = Plugin Library
= Mutti-upload
= Help
| . — Topics Register your Plugin
p u g I n S Browse plugins by topics of interest. Add a new plugin in 2 steps:
(search ) a: dical Inf " Code Examples  Export Import  Inference 1. Enter the name of your plugin, which
(e will then be the title of a new article in
Natural Language Processing  Navigation  Project Management  Reasoning  Search this wiki.
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= Related changes Semantic Web  Software Engineering  Terminologies  Validation  Visualization 2. Enter as much information as
= Special pages possible in the provided form (don't
= Printable version Types forget to save your work).
= Permanent link
= Browse properties Browse plugins by type. New Plugin
APl Application Backend Import Export Project Reasoner Slot Widget
Tab Widget ~ View Register your Organization %
v
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More Tools

Major benefit of OWL has been huge increase in range
and sophistication of tools and infrastructure:

* Integration and e oo omnote)
modularisation

File size: 4711 byte(s)

1 |package org.coode.owlapi.examples;
2
3 |import org.semanticweb.owlapi.apibinding.OWLManager;
. 4 |import org.semanticweb.owlapi.model.*;
5 |import org.semanticweb.owlapi.util.DefaultPrefixManager;
* Extraction : s
7 | * Copyright (C) 2009, University of Manchester
g8 | *
. 9 | * Modifications to the initial code base are copyright of their
10 | * respective authors, or their employers as appropriate. Authorship
¢ COI I lpa rlson 11 | * of the modifications may be determined from the ChangeLog placed at
12 | * the end of this file.
13 | *
14 | * This library is free software; you can redistribute it and/or
(] Prote e 15 | * modify it under the terms of the GNU Lesser General Public
g 16 | * License as published by the Free Software Foundation; either
17 | * version 2.1 of the License, or (at your option) any later version.
. 18
plu |nS 19 | * This library is distributed in the hope that it will be useful,
20 | * but WITHOUT ANY WARRANTY; without even the implied warranty of
21 * MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU
22 | * Lesser General Public License for more details.

* APIs, h
In particular the OWL API







Ongoing Research

Query answering

— [Kontchakov et al], [Konev et al], [Baader et al]
Diagnosis and repair

— [Horridge et al], [Penaloza et al]

Extensions
— [Motik et al], [Artale et al]

Optimisation/Profiles

— [Kazakov], [Glimm et al], [Faddoul et al], [Savo et al]



Ongoing Standardisation Efforts

e Standardised query language

— SPARQL standard for RDF

— Currently being extended for OWL, see
http.//www.w3.0rq/TR/sparql11-entailment/

* RDF

— Revision currently being considered, see
http.//www.w3.0rq/2009/12/rdf-ws/
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Thank you for listening
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