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Introduction

In this document we will give a formal specification and semantics for both Standard OIL and Instance
OIL languages and associated inferences. This formal specification provides a precise interpreation
for all statements in OIL. It serves to make explicit all information that is implicit in OIL statements.
The document provides a model-theoretic specification of the meaning of OIL constructs and
details the inference implications of statements. From this document, the reader can determine when
an object is a member of a class, when a term is consistent (or inconsistent), and when a term has a
subclass (or subrole) relationship to another term.
In this document, we will only consider thaefinitions part of the ontology and we will ignore
fields such aslocumentationthat have no semantic significance.

OIL semantics

The semantics of OIL rely on a translation into the description I&fitZ O [4] extended with con-

crete data types [2]: we will call this logiEHZ Q(d). SHZQ(d) has a highly expressive concept
language that is able to fully capture both the Standard OIL and Instance OIL languages, provided
that OIL individuals are treated as “syntactic sugar” for disjoint primitive concepts, and we will define
a translation functiom () that maps OIL ontologies into equivaleSt+Z Q(d) terminologies. This

has the benefit that reasoning engines for OIL ontologies are (or will soon be) available: an existing
SHZQ reasoner implemented in the FaCT system [3] can be used to reason with OIL ontologies not
containing concrete data types, and this will soon be extended to 8%#Q(d) reasoner. On the

other hand, reasoning with ontologies containing individuals in class definitions seems to problemat-
ical, and the design of implementable algorithms is still an open problem.

The translation is quite straightforward and follows directly from the syntax and informal spec-
ification of OIL. An OIL ontology O consists of a listy, ... ,d,, where eachl; is either a class
definition, an axiom, a slot definition, an instantiation axiom or a relationship axiom. This list of
definitions/axioms is translated intaS&{Z Q(d) terminology7 (a set of axioms) as follows:

n
o(di,... .dn)=|Jo(d)UD
i=1
!Reasoning with individuals in a so callédox(a set of class and role instantiation axioms) is much more straightfor-
ward [5], and work is already underway on an extensio§HfZ O to include Abox reasoning.




whereD is a set of axioms that enforces the disjointness of primitive concepts representing the indi-
viduals used irO.

The syntactic correspondence between OIL &%dZ Q(d) is summarised in Figure 1 and de-
scribed in more detail in the following sectiohd.he translation function(-) is defined in Figures 2
to 4.

Standard OIL

Class definitions

A class definition is either a pa{CN, D) or a triple(CN, P, D), whereCN is a class name]) is a
class description anf is eitherprimitive or defined (CN, D) is equivalent to/CN, primitive , D).
A class definition(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-expressionC1, . .. ,C,, followed by a list of zero or morslot-constraints A4, ... , A,,. We
will write such a class description as

[C1y ... Oy Ary. e, Al

Class expressions

A class-expressiois either a class nameéN (some of which have predefined interpretations), an
enumerated-classa slot-constraint, a conjunction of class expressions, writt€p M ... M C,, a
disjunction of class expressions, writtéh LI . .. LI C), or a hegated class expression, writted.

The class name®p, thing andbottom have pre-defined interpretationsip andthing are in-
terpreted as the most general class (writt@nwhile bottom is interpreted as the inconsistent class
(written ). Note thatop andbottom can just be considered as abbreviations for the class expressions
(C or (not C)) and(C and (not C)) respectively (for some arbitrary cla€§.

An enumerated-class consists of a list of individual names (introduced nehefkey word)
writteniy, ... , i,.

Concrete type expressions

Slot constraints can take concrete type expressions as well as class expressions. A concrete type
expression can be either:

e One of the predicatesin d (written >,), max d (written <), greater-than d (written > ),
less-thand (written <), range d; dy (written (>4, M <g4,)) andequal d (written (>4 M <g4)).

e A conjunction of concrete type expressions, writténr ... M ¢, a disjunction of concrete
type expressions, writtefi; Ll . .. LI C,, or a hegated concrete type expression, writt€h

e integer andstring are also provided as abbreviations for the expressions Q) or (max 0))
and (fnin “A”) or (max “A")) respectively.

Individual data values (e.qg., the integer 123 or the string “xyz”) can also be usbot &iflers

2Familiarity with OIL syntax is assumed (séép://www.ontoknowledge.org/oil/syntax/ for full de-
tails).



class-def(primitive | defined CN CN(C | =) T

subclass-ofC, ... C,
slot-constraint

slot-constraint,

top | thing | bottom

(min d) | (max d)
(greater-than d) | (less-thand)
(equald) | (ranged; d2)

(Cyand... and Cy)
(Cior...orCp)
(not C)

(one-ofiy ... 14,)

slot-constraint SN
has-valueC; ...C,
value-typeC ...C,
max-cardinality n C
min-cardinality n C
cardinality n C
has-filler d

slot-def SN
subslot-of SNy ... SN,
domainC;...C,
rangeCy ...C,
inverseRN
properties transitive
properties symmetric
properties functional

disjoint C; Cs...C,
coveredC by C;...C,
disjoint-coveredC' by C; ... C,

equivalentC C; ...C,

instance-ofi C; ...C,
related SN i j

MNo(Cy)MN...Mao(Cy)
M o (slot-constraint)

M o(slot-constraint,)

CLU-C|CU-C|CN-C
24| <4
>d‘<d
aMN<a) | (Za, M<a,)
U(Cl)l_l '_'U(C )
a(Cr)U...Ua(Cy))
)

o(0)
U...up,)

/-\T/-\/-\/-\
s

i1
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M3SN.o(Cy) M
MYSN.o(Cy) N
M<nSN.o(C)
M >nSN.o(C)

M >nSN.o(C) M <nSN.o(C)
M 3SN.o(d)

_.M3SN.o(Cy)
_.MVYSN.o(Cy)

(SN CZSNy)...(SN C SN,)
ASN.T Co(Cy)M...Ma(Cy)
TLCVYSN.o(Cy)N...Mao(Cy)
(SN~ C RN) (RN~ C SN)
SN e S,

(SN ESN™) (SN~ C SN)

T C <1SN

(0(C1) E =0(Cy))...(c(Cyp
o(C)Co(C)U...Ua(Cy)
(e(C1) C W(C2)) ( (Cn1) E-
(@(C)Eo(Cr)U...uo(Cyr))

(0(C) =a(Ch)).. ( (Cn1) =

P,Co(Cy)n...Ma(Cy)
P, CISN.P;

-1) E =0 (Cn))

a(Cn))

o(Cn))

Figure 1: Syntactic correspondence between OIL&HT O(d)

Slot constraints

A slot-constraint consists of a slot nam®&N followed by one or more constraints that apply to the
slot, writtenSNay, . . . , ay]. Each constraint can be either:

¢ A value constraint with either a list of one or more class-expressions or a list of one or more



concrete type expressions, writtéa, ... , C,,.

e A value-type constraint with either a list of one or more class-expressions or a list of one or
more concrete type expressions, writtét, ... ,C,,.

o A has-filler constraint with either a list of one or more individual names or a list of one or more
data values, writteAC1, ... , C,.

e A max-cardinality constraint with a non-negative integerfollowed (optionally) by either
a class expressiofi’ or a concrete-type-expression, writtem.C' (<n.T if the expression is
omitted).

e A min-cardinality constraint with a non-negative integerfollowed (optionally) by either
a class expression or a concrete type expression, wiitteil’ (>n.T if the expression is
omitted).

e A cardinality constraint with a non-negative integerfollowed (optionally) by either a class
expressionC' or a concrete type expression, writtem.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
slot), simple slot is defined in terms of the translation i§®Z Q(d): a slotSN in an ontologyO is
a simple slot iffo (SN) is a simple role in th&&HZ Q(d) terminologyo (O).

Axioms
Standard OIL includes four kinds of axiom:
disjoint a list of two or more class expressions that are pairwise disjoint, wijttgn. .. , C,||.

covered a single class expression that is covered by the succeeding list of class expressions, written
CLC(Cy,...,Cp).

disjoint-covered a single class expression that is covered by the succeeding list of disjoint class
expressions, writtet' C ||C1, ... ,Cy]|.

equivalent a list of two or more class expressions that are equivalent, wetten, . .. , C,,).

The mapping function o ()

We can now define how the function(-) maps OIL axioms and class definitions into (sets of)
SHZQ(d) axioms. The definition is given in Figures 2 and 3, whéd is a class name (or a
SHZQ(d) concept name)SN is a slot name (0SHZ Q(d) role name),C' (possibly subscripted)
is a class expressior) (possibly subscripted) is a class or concrete type expresgiadn,a class
expression or a class description (super-classes plus slot constrdir{f®ssibly subscripted) is a
slot constraintg; is a constraint (on a slot},is an OIL individual, P; is the SHZ Q(d) primitive
concept used to represent the OIL individiadl is a concrete data value (an integer or a strimg),
is a non-negative integer apg is a unary predicate (i.ep, € {>, <,>, <} andd is a concrete data
value).



{o(C) Ea(E)}
{o(C)Eo(E),0(E) E
U?:_ll U?:i—i—l{a(ci) C
{c(C)Co(Cy)U...U
o(CC(Ch,...,Cu))Ua(||C1,-..,Cul)
Ui o(Ci = Ciga)

Figure 2: Translation of OIL axioms int8§HZ Q(d)

TNo(Cy)N...MNo(Cy) Mo(Ar1)M...Mo(An)

o(C CN
o(DyM...ND, o(Dy)M...Mo(Dy,)
o(DiU...UD, o(Dy)U...Uc(Dy)
o(—=D -0 (D)

o(SN(a1))M...Mo(SN(ay,))
ISN.o(D1) ... M3SN.o(D,,)
VSN.o(Dy)M...MVSN.o(Dy,)
<nSN.o(D)

>nSN.o (D)

<nSN.o(D) M >nSN.o(D)

P;

FPu...Up,

(ZaN<a)

Pd

Figure 3: Translation of OIL class definitions inS3Z Q(d)



o(SN[RN1y,... ,RN,,,S1,...,S,]) = o(SN[RNy,... ,RN,])Uc(SNI[S1,...,Sn])
o(SN[RNy,... ,RN,]) = U, ,o(SNCRNy)
o(SN[S1,...,Sm]) = Uizt m o(SN(Si))
oc(SNCRN) = {SNLCRN}
o(SN(| [C1,...,Cy))) = {3ISN.TCo(Cy)MN...Ma(Cy)}
o(SN(T [C1,...,Cn])) = {TLCVSN.o(Cy)M...Mao(Cyh)}
o(SN("RN)) = {SNT"CRN,RNC SN~}
o(SN([Pr,..., Fu])) = U1, o{0(SN(P))}
o(SN(+)) = {SNeS,}
0(SN(«+)) = {SNTC SN,SNC SN~}
o(SN(T)) = {T E<ISN}
Figure 4: Translation of OIL slot definitions int§H{7Z ©
In addition, the set of disjointness axiorsis defined as:
U U (E-n
J=1 k=j+
wherei;, ... ,i, are the individuals used i@ and P; is the SHZ Q(d) primitive concept used to

represent.

Slot definitions

A slot definition is a pair(SN, X), whereSN is a slot name an is a slot description. A slot
descriptionX 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 constrairi; on SN can be either:
e A domain constraint with a list of one or more class-expressions, writtgr , . .. , Cy,].
e A range constraint with a list of one or more class-expressions, writtgt, ... , C,].
e An inverseconstraint with a slot nameN, written “RN.

e A properties constraint with a list of one or more properties, writ{éh, . . . , P,]. Valid prop-
erties ardransitive, written+, symmetrical, written «+ andfunctional, written 7.

We can now define how the functier{-) maps an OIL slot definition into a set §#{Z Q axioms.
The definition is given in Figure 4, wheRN andSN are slot names (a$HZ Q role names)(; is a
class expressiory; is a global slot constraint anf; is a property.



(R = {{(z,y)]| (y,z) € RT} (inverse roles)
(cnbDY = ctnD? (conjunction)
(cubDY = ctubD? (disjunction)
(-C)Yf = AT\C?T (negation)
(3R.C)Y = {z|3y.(z,y) € RT andy € C*} (value constraint)
(VR.C)? = {z|Vy.(z,y) € RT impliesy € C*} (value-type constraint)
(BR.p)Y = {z]|3y.(z,y) € RT andy € AP andp(y)} (concrete value)
(VRp)r = {x|Vy.(z,y) € R impliesy € AP andp(y)} (concrete value-type)
(>nR.C)Y = {z|t#{y.(v,y) € RT andy € CT} > n} (minimum cardinality)
(<nR.CYE = {z|t#{y.(v,y) € RT andy € CT} < n} (maximum cardinality)
(>nRp)?r = {z|t#{y.(z,y) € RT andy € AP andp(y)} > n} (concrete min. card.)
(<nR.p)? = {z|#{y.(z,y) € R andy € AP andp(y)} < n} (concrete max. card.)
(1R = {a|#{y.(z,y) € RT andy € (AP UAT)} <1} (functional restriction)
Figure 5:SHZ Q(d) semantics
Instance OIL
Instance OIL extends Standard OIL with the possibility to define instances of classes and roles. These
definitions are of the formirgstance-of: C1, ... ,C,) and telated S ¢ j), whereC (possibly sub-
scripted) is a class expressidghis a slot name andand; are individual names. An axionmnstance-
of i Cy,...,C,) is equivalent toifistance-of: (C; and ... and C,). These axioms are simply

treated as “syntactic sugar” for axioms of the form
covered-by(one-ofi) C
(i,e.,P, C C),and
covered-by(one-ofi) (slot-constraint S has-value(one-ofj))

(i.e., P; C 3S.P;) respectively.

The semantics oiSHZ Q(d)

The meaning of &@HZ Q(d) terminology, and of the common inference problems, is given in terms
of a Tarski style model theoretic semantics usinigrpretations[2, 6, 4]. An interpretatiorZ =
(AT, AP .T) consists of a sef\?, called theabstract domairof Z, a setAP, called theconcrete
domainof Z, and avaluation function”. The abstract and concrete domains must be disjoint, i.e.,
AT N AP = .

The valuation function? maps every concept to a subsetdf and every role to a subset of
AT x (AI U AP) such that, for all concepts, D, rolesR, S, concrete predicate expressignand
non-negative integens, the equations in Figure 5 are satisfied (whgv€ denotes the cardinality of
a setM). Concrete predicate expressions have the obvious interpretation as shown in Figure 6. The
ordering on strings is the standard lexicographic one.

The concrete domain is treated differently from the abstract domain because it is considered to be
already sufficiently structured by the predicateis, max etc. Therefore, it is not appropriate to form
new classes of concrete objects (values) using the concept language [1].



(P11 Mpa)(y) < pry) A Apa(y)
(p1U...Upn)(y) < pi(y)V...Vpa(y)
(N Mpe)(y) <= —p1(y) V...V =puly)
(U Upn)(y) <= —pi(y) A Apa(y)

—2:(y) < <a(y)

—<z(y) < >2(y)

—>.(y) < <a(y)

_‘<x(y) = Zx(y)

Figure 6: Concrete expression semantics

In order to avoid considering roles such@as™ (i.e., the inverse of an inverse) we will define a
function Inv such that/nv(R) is R~ andInv(R™) is R. A role R is directly subsumedy a roleS
w.r.t. a terminology7 iff either {R C S} C 7 or {Inv(R) C Inv(S)} C 7. Arole R is subsumed
by aroleS w.r.t. 7 (written7 = R C S) iff R is directly subsumed by & or there is a rol&’ such
that R is directly subsumed by & and7 = S’ C S. A role R is equivalentto a role S w.r.t. 7
(written7 =R = S)iff T = RC Sand7 =S C R. Arole Ris transitive in7 iff {S €S} C 7T
for some roleS such thatk = 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 Q terminology7 iff for every axiomR C Sin 7, R C S7,
for every axiomC C D in T, C* C D? and for every transitive rol§ in 7, S = (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 is a modef of 7 with C* # (). A conceptC is subsumed by a concept w.r.t. 7 (written
T |= C C D) ¢* C D? holds for each modefl 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) = o(CN) C o(DN).
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