Express (and reasoning over)
UML diagrams in OWL(-DL)



Overview

OWL as a description logic: OWL-DL
Functional-Style Syntax (FSS) for OWL-DL

How to translate UML diagrams to OWL-DL
ontologies in FSS

Protégé™ as a visual editor to create OWL
ontolgies

Pellet** as a reasoner for OWL-DL ontologies

* http://protege.stanford.edu/download/protege/4.0/installanywhere/
** hitp://pellet.owldl.com/downloads/pellet-2.0.0-rc5.zip
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OWL as a Desription Logic

OWL DL is very close to the SHHOJIO(D) Description Logic
o S=ALCx, — ALC* with transitive roles
TBox axioms of the form transitive(R)
e H{ — role Hierarchies
TBox axioms of the form R E S, where R, S are roles
e O — nOminals
concept constructor {a}, where a is an individual name
e J— Inverse roles
role constructor R, where R is a role name
e O — Qualified number restrictions
concept constructors <nR.Cand =nR.C
e (‘D) — Datatypes (datatype properties)

*ALC =N, U, -, 3R.C, VR.C




OWL-DL FSS: descriptions(C)

OWL-DL FSS German DL Syntax Semantics
A (URI reference) A Alc p!
owl:Thing T owl:Thing? = A!
owl:Nothing 1 owl:Nohing! = @
ObjectintersectionOf(C, C,) c,ncC, C/nC/
ObjectUnionOf(C, C,) C,uc, C/ucC/
ObjectComplementOf(C) —C A\ C!
ObjectOneOf(0,,...) {o0,,...} {o/,...}
ObjectSomeValuesFrom(R C) JR.C {x|3y (x,y) eRI Ay e C]}
ObjectAllValuesFrom(R C) VR.C {x| vy (xy) ERI -yeCl}
ObjectHasValue(R 0) R:o {x| (x,07) e R}
ObjectMinCardinality(n R [C]) >nR [.C] {aen!||{b]|(ab) eRI[Ay € C]]}|<n}
ObjectMaxCardinality(n R [C]) <nR[.C] {aenl||{b] (a,b) e RI[Ay € C]]} =n}




OWL-DL FSS: descriptions(C) (cont.)

OWL-DL FSS German DL Syntax Semantics
DataSomeValuesFrom(U D) 3U.D {x|3y (x,y) € UL Ay € DD}
DataAllValuesFrom(U D) vU.D {x|vyxy) eU!-yeD?}
DataHasValue(U V) U:v {x|(xv)eU’}
DataMinCardinality(n U [D]) >nU [.D] {aen’| |{b]| (a,b) e U [Ay € DP]}|<n}

DataMaxCardinality(n U [D])

< nU [.D]

{aen!||{b] (a,b) eRI[Ay € DP]} =n}




OWL-DL FSS: data ranges (D) — object properties (R) — data

properties (U)

data ranges (D)

D (URI reference) D DP c Al
DataOneOf(v,, ...) {v,...} {v,...}
object properties (R)
R (URI reference) R RI c Afx !
InverseObjectProperty(R) R (R1)~
data properties (U)
U (URI reference) U Ulca’xal,

individuals(o)

o (URI reference) 0 olc !
data values (v)




OWL-DL FSS: class axioms

OWL-DL FSS German DL Syntax Semantics
SubClassOf(C, C,) C,CC, leg CZI
DisjointClasses(C; ....C)) Cin CjE Li#] Ci-’n ij= B, i # |
EquivalentClasses(C; ....C,) C,=..=C, Cl=..=C/
EquivalentClasses(A ObjectOneOf(0, A ={0; .., 0.} Al = {olf’ e, 07 }
)




OWNL-DL FSS: (object and data) property axioms

OWL-DL FSS German DL Syntax Semantics
SubObjectPropertyOf(R, R,) R,ER, RIS R,
ObjectPropertyDomain(R C) >1RCEC RIc Cix Al
ObjectPropertyRange(R C) TC VvR.C RIcaAlxC!

EquivalentObjectProperties(R; ....R,) R, =..=R, R1]: I RnI
FunctionalObjetProperty(R) TE<1R RZ is functional
SymmetricObjectProperty(R) R=R" RI=(R1)"~

InverseFunctionalObjectProperty(R) TCE<1R (RI)'is functional
TransitiveObjectProperty(R) Tr(R) RI=(R1)*
InverseObjectProperties(R R,) R=(Ry)"~ RI=(R,7)”

Note 1: Blue means that the axiom holds only for object property expression
Note 2: When you are referring to a data property axiom, substitute “Object”

with the word “Data”




OWL-DL FSS: individual axioms

OWL-DL FSS German DL Syntax Semantics
ClassAssertion(C 0) 0€eC oleC!
ObjectPropertyAssertion(R 0, 0,) {o1 ,02} ER {01]’021} € R?
DataPropertyAssertion(U o0 It) {o’ It} € U {0]’ It} euU?!
Samelndividual(o;..... 0,) 0, = ... =0, o/=..=0/]
Differentindividuals(o; .... 0,) 0, # ... #0, o# ..#0/

Note: T, = A, corresponds to rdfs:Literal in OWL




OWL-DL:
Unigue Name Assumption (UNA)

* The Unique Name Assumption says that any
two individuals with different names are
different individuals

e OWL and DL Semantics do not make the UNA

« Example:Let T={TE<1R}and

A={(ab):R,(ac):R}
Is A consistent w.r.t. T?
Consider T = (A?, -1), where AL = {Xx, vy},
RI={(x,y)}, al=x,b/=yandci=y



