Appendix C: First order semantics of OIL

In this section we will give a formal specification and semantics for OIL as well as for the common
inference problems (class consistency and inferred subclass relations) performed with respect to an
OIL ontology. We will only consider théefinitions part of the ontology and we will ignore fields

such aglocumentationthat have no semantic significance.

The semantics of OIL rely on a translation into &7 Q description logicSHZ Q has a highly
expressive concept language that is able to fully capture the OIL core language, and we will define
a satisfiability preserving translatier(-) that maps OIL ontologies int6§ HZ Q terminologies. This
has the added benefit that an existi¥iyZ Q reasoner implemented in the FaCT system can be used
to reason with OIL ontologies.

The translation is quite straightforward and follows directly from the informal specification given
in Section 3.1. An OIL ontology® consists of a lisdy, ... ,d,, where eachi; is either a class
definition or a slot definition. This list of definitions is translated int§77Z Q terminology7 (a set
of axioms) as follows:

o(dr, o dn) = U o)

A class definition is either a pa{CN, D) or a triple(CN, P, D), whereCN is a class namd) is
a class description and is eitherprimitive ordefined (CN, D) is equivalent tdCN, primitive , D).
A class definitior{CN, primitive , D) is writtenCN C D (it states thaCN is a subclass of the class
described byD) and a class definitiofCN, defined D) is written CN = D (it states thaCN is
equivalent to the class described bY.

A class descriptiorD consists of an optionaubclass-ofcomponent, itself a list of one or more
class-expressioaCy, . .. ,C,, followed by a list of zero or morslot-constraints A1, ... , A,,. We
will write such a class description as

[C1, ... Coy Ay, Ayl

A class-expressions either a class nam@éN, a slot-constraint, a conjunction of class expres-
sions, writtenCy M ... M C,, a disjunction of class expressions, writi€nL! ... LI C, or a negated
class expression, writteAC'. A slot-constraint consists of a slot nam®N followed by one or more
constraints that apply to the slot, writt&N (a4, ... , a,]. Each constraint can be either:

e A value constraint with a list of one or more class-expressions, writtén ... , C,,.

A value-typeconstraint with a list of one or more class-expressions, writtén ... , C,,.

A max-cardinality constraint with a non-negative integerfollowed (optionally) by a class
expressiorC, written<n, C (<n, T if the class expression is omitted).

A min-cardinality constraint with a non-negative integerfollowed (optionally) by a class
expressiorC, written >n, C' (>n, T if the class expression is omitted).

A cardinality constraint with a non-negative integefollowed (optionally) by a class expres-
sionC', written=n, C' (=n, T if the class expression is omitted).

In order to maintain the decidability of the language, cardinality constraints can only be applied
to simpleslots. A simple slot is one that is neither transitive nor has any transitive subslots. However,
as the transitivity of a slot can be inferred (e.g., from the fact that the inverse of the slot is a transitive
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oc(CNC D) = {o(CN)Co(D)}
oc(CN=D) = {o(CN)C o(D),0(D)C o(CN)}
o([C1,...,Cn,A1,...,An]) = TNo(C)MN...Ma(Cp)Nao(A1)...MNo(Am)
o(CN) = CN
o(T) = T
o(CiM...NCy) = o(Cy)N...Ma(Cy)
o(ChU...uCy) = oC)U...Ua(Cp)
o(=C) = -0o(C)
o(SNJai,...,ay]) = o(SN(a1))M...Mo(SN(ay,))
o(SN(3C1,...,Cy)) = 3FSN.o(Cy)M...M3ISN.o(Cy)
o(SN(VC,...,Cy)) = VSN.o(Cy)M...MVYSN.o(Cy)
o(SN(< n,C)) = <nSN.o(C)
o(SN(=n,C)) = >nSN.c(C)
d(SN(=n,C)) = <nSN.c(C)MN>=nSN.o(C)

Figure C-1: Translation of OIL class definitions inf6{Z ©

slot), simple slot is defined in terms of the translation iISHZ Q: a slotSN in an ontologyO is a
simple slot iffo(SN) is a simple role in th&HZ Q terminologyo (O).

We can now define how the function(-) maps an OIL class definition into a set 8HZQ
axioms. The definition is given in Figure C-1, whelhl is a class name (or&HZ Q concept name),
SN is a slot name (0SHZQ role name),D is a class descriptior(,’ (possibly subscripted) is a
class expressiom (possibly subscripted) is a slot constraiatjs a constraint (on a slot) andis a
non-negative integer.

A slot definition is a paifSN, D), whereSN is a slot name and is a slot description. A slot
descriptionD consists of an optionalubslot-of component, itself a list of one or more slot names
RN4,... ,RN,, followed by a list of zero or more global slot constraints (dryerse) Si,. .. , Sm.

We will write such a slot definition as:

SN[RNy,... ,RN,, S1,...,Sn]
Each global constrairfi; on SN can be either:
¢ A domain constraint with a list of one or more class-expressions, writtgt , . .. , Cy,].
¢ A range constraint with a list of one or more class-expressions, writtgt, ... , Cy,].
e An inverseconstraint with a slot nameN, written “RN.

e A properties constraint with a list of one or more properties, writféh, . .. , P,]. Valid prop-
erties ardransitive, written + andsymmetrical, written <.

We can now define how the functiat{-) maps an OIL slot definition into a set StHZ Q axioms.
The definition is given in Figure C-2, wheRN andSN are slot names (a$HZ Q role names)(;
is a class expressiof; is a global slot constraint anfél is a property.

The meaning of &HZ Q terminology, and of the common inference problems, is given in terms
of a Tarski style model theoretic semantics usingrpretations An interpretationZ = (AZ, %)
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#(SN[RNy, ... RN, S1, . Sml) = o(SN[RN1,... , RN, UG(SN[Sy, ... ,Sm])
U(SN[RNl, 7RNn] = Ui:l,...,nU<SN C RNi)
S(SN[S1, - Sul) = Uy mo(SN(S))
oc(SNCRN) = {SN C RN}
S(SN(L(ChrC))) = Uny, o{3SN.T Co(C)}
U(SN(T [Cla s ,Cn])) = Ui:17,__7n{—|— C VSNU(CZ)}
#(SN("RN)) = {SN" C RN,RNC SN~}
o(SN(Prr..  P))) = Upy. n{o(SN(B))
s(SN(+)) = {SN€S,}
5(SN(<)) = {SN-CSN,SNLC SN~}

Figure C-2: Translation of OIL slot definitions in&HZ Q

consists of a seh?, called thedomainof Z, and avaluation-Z which maps every concept to a subset
of AT and every role to a subset & x AZ such that, for all conceptS, D, rolesR, S, and non-
negative integers, the following equations are satisfied, whegfid denotes the cardinality of a set

(R = {(z,9)]| (y,z) € RT} (inverse roles)
(cnbDy = ctnD? (conjunction)
(CcubD)Y = ctubD? (disjunction)

(-C)r = AT\C?* (negation)

BR.C)Y = {z|3y.(z,y) € RT andy € C*} (value constraint)
(VR.C)? = {z|Vy.(z,y) € RT impliesy € C*} (value-type constraint)
(>nR.C)Y = {z|#{y.(v,y) € RTandy € CT} >n}  (minimum cardinality)
(<nR.CYr = {z|#{y.(z,y) € R andy € CT} <n} (maximum cardinality)

In order to avoid considering roles such&s™ (i.e., the inverse of an inverse) we will define a
function Inv such thatfnv(R) is R~ andInv(R™) is R. Arole R is directly subsumedty a roleS
w.r.t. a terminology? iff either {R C S} C 7 or {Inv(R) C Inv(S)} C 7. Arole R is subsumed
by aroleS w.rt. 7 (written7 = R C S) iff Ris directly subsumed by 8 or there is a rol&’ such
that R is directly subsumed by & and7 = S’ C S. Arole R is equivalentto a roleS w.r.t. 7
(written7 = R = S)iff T = RC Sand7 = S C R. Arole Ris transitive in7 iff {Se S} CT
for some roleS such that? = S or Inv(R) = S (this definesS,, the set of transitive role names). A
role R is asimplerole in 7 iff there is no roleS such thatS is transitive in7 and7 = S C R.

An interpretatior satisfiesa SHZ QO terminology7 iff for every axiomR C S'in 7, RT C §7,
for every axiomC C D in T, C* C D? and for every transitive rol8 in 7, S7 = (S%)*. Such an
interpretation is called emodelof 7 (writtenZ = 7).

A conceptC is satisfiable with respect to §HZ Q terminology7 (written 7 = C # 1) iff
there a modell of 7 with CZ # (. A conceptC is subsumed by a concept w.r.t. 7 (written
T = C C D) ¢* € D? holds for each modef of 7.

An OIL ontology O is calledconsisteniff o(O) = T # L. A classCN in an ontologyO is
calledconsisteniff ¢(O) = o(CN) # L. A classCN is asubclasof a classDN in an ontology©®
iff 0(O) = 0(CN) C o(DN).
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