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Abstract

Checing for propertiesof Web ontolagiesis important
for thedevelopmenbf reliable Semantid\eb systemsSoft-
ware speci cation and veri cation tools can be usedto
complementhe Knowledg Repesentatiortoolsin reason-
ing aboutSemantioAeh Thekey to this approad is to de-
velop soundtransformationtechniquesfrom Web ontology
to softwae speci cationssothattheassociatedreri cation
toolscanbeappliedto ched the transformedspeci cation
models. Our previouswork hasdemonstated a practical
approad to translating\Web ontolagiesto Z speci cations.
Howerer, froma soundengineeringooint of view, thetrans-
lation is lacking the theowetical work that can formally re-
late the respectivaunderlyinglogical systemsf OWL and
Z. In this paper we take the advantae that the logics un-
derlying OWL and Z canberepresentedasinstitutionsand
we showthat the institution comorphisnprovidesa formal
semantidoundationfor thetransformatiorfrom OWL to Z.

1. Intr oduction

The developmentof SemanticWeb (SW) takes a lay-
eredapproactwhereontologylanguagesuchasRDF[10],
DAML+OIL [14] andOWL [11] provide semantianarkups
for describingesourcesntheWebandthey form thefoun-
dationfor developmentof upperlayertechnologiesn SW.
Therefore,it is utterly importantto ensurethe correctness
of Webontologies.

Various SW reasoningengineshave beendevelopedto
facilitatereasoningaboutWeb ontologies.Fully automated
arethesetools, they have certaindisadantages Firstly, as
they are automatedools, reasoningtasksinvolving com-
plex undecidableontologiescannotbe carriedout very ef-
fectively. Secondly althoughinconsistenciesan be de-
tectedby thesetools,the sourceof theinconsisteng cannot
belocatedaccurately This makesdeluggingfairly dif cult.

In our previous works [2, 3], we have proposedto
usesoftware engineeringools with complementingpower
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to RACER [7] in a combined approachto checking
DAML+OIL ontologies. As the rst step,we constructed
the DAML+OIL semanticsn formal language< [15] and

Alloy. By transformingontologiesto modelsin theselan-

guageswe arethenableto verify propertiesnexpressible
in DAML+OIL (andOWL) andto nd thesourceof incon-

sistenciesletectecby RACER.

Our previous works focusedon the practicalaspectof
the approach. The formal proof of the soundnes®f the
Z semanticof DAML+OIL languagewasnot shavn. As
ontologylanguagesuchasDAML+OIL andformal meth-
ods suchas Z are basedon differentlogic systems,such
proof requiresa high-level device that representandrea-
sonsaboutsoftware modelswithout assumptiorof the un-
derlyinglogical systems.

The notion of institutions[6] wasintroducecto formal-
ize the conceptof “logical system”. Institutionsprovide a
meanf reasoningboutsoftwarespeci cationsregardless
of the logical system. Institutionsare suitablefor proving
thesoundnessf ourapproactastheunderlyinglogical sys-
temsof DAML+OIL (OWL) andZ canberepresentedsin-
stitutionsandby applyinginstitution comorphismg5], we
canprove thesoundnessf the Z semanticgor OWL.

Basedon our previous works [3], we have constructed
the Z semanticfor OWL DL!. The semanticss de ned
for OWL DL asit is more expressie than OWL Lite and
still decidableunlike OWL Full. Somechangehave been
madefrom the semanticfor DAML+OIL to re ect more
faithfully the model-theoreticemanticof OWL [12].

In this paperwe shawv theformal proof of thesoundness
of the Z semanticfor OWL DL? usinginstitution comor
phisms[5]. Therestof thepaperis organizedasfollows. In
Section2, we give a brief accountof institutionsandinsti-
tutionmorphismsln Sections3 and4, we presenthe OWL
andZ institutions,respectiely. The proof of soundnessf

1The full speci cation canbe found at http://www.comp.nus.
edu.sg/ liyffOWL2Z.tex

20WL DL is very similarto DAML+OIL, only asmallnumberof lan-
guageconstructarechanged.



thetransformatioris givenin Section5. Finally, Section6
concludeghepaper

2. Institutions & Institution Mor phisms

Institutions were introduced by J. Goguen and R.
Burstall [6] to formalize the notion of logical systemand
to provide a basisfor reasoningaboutsoftware speci ca-
tion independentlyf theunderlyinglogical systemchosen.
The basiccomponent®f a logical systemare modelsand
sentencegelatedby the satistictionrelation. The compat-
ibility betweenmodelsand sentencess provided by sig-
natureswhich formalizesthe notion of vocahlulary usedto
build sentencesModeling the signatureof a logical sys-
tem as a catgyory, we get the possibility to translatesen-
tencesandmodelsacrosssignatureanorphisms.Theconsis-
teng betweerthesatishctionrelationandthistranslations
givenby the satisfactionconditionwhich intuitively means
thatthetruth is invariant underthe change of notation

Formally, an institution is a quadruple = =
(Sign; sen; Mod; ) whereSign is acatgyory whoseobjects
are calledsignatues sen is a functorsen : Sign ! Set
which associateswith each signature  a set whose
elementsarecalled -sentencesMod : Sign°®® | Catisa
functor which associatesvith eachsignature a cateyory
whoseobjectsare called -models andF is a family of
binary relationsi  between -modelsand -sentences,
called satisfactionrelations suchthat for eachmorphism

I O thesatisfactioncondition
Mod( J(M)E e, M°E o (e
holds for eachmodelM°® 2 Mod( 9 andeachsentence
e2sen() .

Thefunctorsen abstractsheway the sentencearecon-
structed’rom signaturegvocahularies)andextendsthesig-
naturemorphismsto translationsbetweensentences.The
functor Mod is de ned over the oppositecatejory Sign°?
becausea translationbetweentwo signatures !

0 de nes a forgetful functor Mod( °°) : Mod( 9 !
Mod() suchthatfor each %“modelM® Mod( °P)(M9) is
MOviewedasa -model.Thesatishictionconditionmaybe
readas”MPsatis esthe -translatiorof eiff M®viewedasa

-modelsatis ese’, i.e.,themeaningf eis notchangedy
thetranslation . We oftenuseSign(=), sen(=), Mod(=),
F = to denotethe component®f theinstitution=.

Themigrationfrom onelogical systemo anothelis cap-
tured by institution morphismor institution comorphism.
An institution morphismexpressesa relationshipfrom a
“richer” logical systemto a “poorer” one, and an institu-
tion comorphismexpressediow a “poorer” logical system
is encodedn a“richer” one. In this paperwe useonly the
later one. An institution comorphism( ; ; ) :=1! =0
consistsof afunctor : Sign !  Sign® anaturaltransfor
mation : sen ) : sen®, and a naturaltransformation

%P Mod®) Mod suchthatthe following satishction
conditionholds:

MOF%) (eiff (MYF e
forary () -modelM®°from=%and -sentence from=.
Thefunctor translateshesignaturesn = to signaturesn

-0

Thenaturaltransformation consistf afunction
sen() ! sen ©°P()) ,translating -sentence® () -
sentencesfor eachsignature in =. The naturaltrans-
formation consistsof a functor ~ : Mod% °P()) !
Mod() , associatingg -modelto each °P() -model,for
eachsignature in =. If =%is atheoroidalinstitution,i.e.,
aninstitutionwhosesignaturesretheoriesof otherinstitu-
tion,then( ; ; ) isatheownidal comorphism

We recommend5, 13] for systematidnvestigationsof
therelationshipetweerinstitutions.

3. The OWL Institution O

We recall from [9] the de nition of the institution for-
malizingthe logic underlyingthe Web OntologyLanguage
OWL DL. We notethatin OWL DL we have the mutual
disjointnesdetweerclassespropertiesandindividuals.

We supposethat all the OWL speci cationssharethe
samedatatypes. Thereforewe considergiven a setD of
datatypenamesasetV of datavalues andafunction[[_]]
which associatea subset[D]] V with eachdatatype
nameD. The setof dataexpressionss de ned asfollows:

D:u=Djfvi;iii;vng

whereD rangesover datatype namesandyv; rangesover
datavalues. We extend the de nition of [_] over data
expressiondy setting[[fvy;:::;vagll = fvi;iii;vpg. In
OWL de nition [12] a datatype D is characterizedby a
lexical space,L(D), a value space,V(D), and a mapping
L2v(D) : L(D) ! V(D). We represent datatypein a
moreabstractvay by forgettingthe lexical space.V(D) is
denotedhereby [D]. For instance(D;[_]) might bethe
setof the XML datatypesand/orthe setof the OWL built-
in types. We separatahe dataworld from the world over
which we de ne ontologies.A rst reasorfor this separa-
tion is that the speci cation of the datatypesis quite dif-
ferentfrom that of ontologies. Anotherreasonis that we
getmore e xibility in relatingweb ontologieswith various
formalisms. For instancewe may usedirectly the built-in
implementation®f the datatypesin theseformalismsand
focusonly on the translationof the taxonomyandits sen-
tences.

An OWL signatue consistsof a quadrupleO =
(C; R; U; 1), whereC is thesetof theconcep{class)names
R is the set of the individual-valuedproperty names U
is the set of the data-valuedproperty names and | is
the set of individual names We denoteby N (O) the
setC[ R[ UJ[ I. An OWL signatue morphism



(C;R;U;1) I (C%R%U%19 consistsof a quadrupleof
op:R! R% g:U! U%and in:1! 1% Wedenote

by Sign(O) the category of the OWL signaturesGivenan
OWL signatureO = (C;R;U;l), an O-structue (model)
isatuple A = ( a[-]a Resa;resy) consistingof a set
of resoucesResy, a subset A Res, called domain
afunctionresy : N(O)[ D! Resa associating re-
sourceto eachnamein O or D, andaninterpretatiorfunc-
tion[_J,:C[ R[ U! P(Res)[ P(Res) P(Res)such
thatthe following conditionshold:

V  Resa,

A\ V=,
[CI, aforeachC 2 C,

[R1, A aforeachR2 R,
[Ul, a Vforeachu2 U,
resa(o) 2 aforeacho2 I.

We oftenwrite [[o]|, for resa(0) to have auniformnotation.
The de nition above correspondso that of abstractin-
terpretationof an OWL vocahulary givenin [12]. In par
ticularwehave A= O, [-], jc= EC, [-14 Jr u= ER
andresy = S Here[_], jx denotegherestrictionof the
function[_], to the subsetX. The meaningof the inclu-
sionV  Resa shouldbereadas“thereis atotal relation
V Res’ andthecondition A\ V = ; shouldberead

as A\ ran = ;. It is of worth to have alook over the

semanticof theemptyOWL signature = (;;;;;;;)- A

; -structureis of theform A = (;; [—]l; Resa; resa), where

[-14 is the uniquefunction; ! Resa andresy : D !

Resy; i.e., A consistonly of the datatypes.

Given two O-structuresA = ( a;[-Ja; Resa;resa)
andA® = ( A% [— T p0; RESn0; r €Sp0), anO-homomorphism
h:A! Alisafunctionh: Resy! Resy suchthat:

h( A= a0

. resp = resa; h;

. foreachC 2 Candx2 ,,if x2 [[C], thenh(x) 2 [C];

. foreachR 2 Randxyy 2 4 if (xy) 2 [R], then
(h(x); h(y)) 2 [Rll0;
5. foreachU 2 U, x 2

(h(x); V) 2 [U]-

We denote by Mod(O)(O) the cateyory of the O-
models.f :0O! O%sanOWL signaturemorphismand
AP= ( po; [-Ip0; RESN; FeSn) anOstructurethenthe -
reductA’ istheO-structureA= ( a;[—] Resa;resa),
whereResy = Resyp, a= a0, resa(N) = respe( (N))
for eachnameN 2 N (O), andthe interpretationfunction
[-1, is de ned asfollows:

[[C]]A = [[ co(C)]]Ao for eachC 2 C;
[[RHA = [[ op(R)]]Ao foreachR2 R;
[UT,= T dap(U)Il,0 for eachU 2 U.

IR

A andv 2 V,if (x;v) 2 U], then

We may consider nov the functor Mod(O)
Sign(O)°P !  cat mappingeachOWL signatureO to
the catgyory of its models Mod(O )(O) and each OWL

signaturemorphism : O ! QP to the forgetful func-

tor Mod(O )( °P) Mod(0)(09 ! Mod(O)(O) by

Mod(O)( °P)(AY = A° andMod(O)( °P)(h% = hO
Thesetof the O-expressiongs de ned by:

x=?j>jCjCuCjCt Cj: C
j8R:Cj9R:Cj6NnR j>nRjR:0
j8uDj9uUDj6NUj>nUjU: Vv

R :=Rj Inv(R)

wheren rangesover naturalnumbers,C rangesover con-
ceptsnames,R rangesover individual-valued properties
namesU over data-aluedpropertiesy overV, ando; over
individualsnames.

Thesetof O-sentencess de ned by:

F:=Cv CjC CjDisjoint(C;:::;C0)
jTMIRjRVRjR R
juvuju u
jo:Cj(@d):Rj(xv:Ujo o°job6

whereo ando® rangeover individuals names,andv over

datavalues. We denoteby sen(O )(O) the setof the O-

sentenceslf :O! OC%sanOWL signaturemorphism,

thensen(O)( ) :sen(O)(0) ! sen(0)(0Y is thefunc-
tion translatinghe O-sentencem O%sentencem thestan-
dardway; for instance,
sen(O)( J(BRCUCYH =8 ox(R): o(C) U co(CH.
The semanticof the O-expressionss givenby:
[?0.= .
[[> ]]A = Ay ]
Mnv(R)I, = f(y:X) § (xy) 2 [RI0,
[Cu Cl, = [CI,\ [CT,
[: Cl,= anlCl,
[8R:Cl, = fxj(8Y)(xY) 2 [RI,) Y2 [ClL9
[6nRI,= fxj#(fyj(xy) 2 [RI,9) 6 ng,
[R: oll, = fxj (x [al,) 2 [Rl,g,
[8U:D], = fxj(8v)(xv) 2 [Ul,) v2[D]og,
[6nUL, = fxj#(fvj (xV) 2 [UI,9) 6 ng,

The satishction relation betweenO-structuresand O-
sentencess de ned asfollows:

AFo.o Cv Ciff[Cl, [CT,,
AFo.o C Ciff [Cl, = [,

The OWL instituton O is given by O =
(Sign(O); sen(0);Mod(O);F o).

The de nition of the institution O follows mainly the
lines describedn [12] and[8]. The useof the institution
theoryoffersseveralsigni cant advantagesability to work
with structuredontologiesuseof constraintgo distinguish
betweenOWL DL and OWL Full ontologies,and a solid
foundationfor tools extendingandlinking OWL languages



with otherformalismssimilar to thosepresentedn [2, 4].
In the next sectionwe will shav thatthe semantice®f OWL
ontologiesin Z (basedon thatof DAML+OIL presentedn
[3]) de nesin factaninstitutioncomorphism.This proves
thatthatencodings correct.

4. The Institution Z

Z [15] is aformal speci cationlanguagebasedon rst-
orderlogic andZF settheory It is well suitedfor modeling
systemdataand states. Z hasa rich setof languagecon-
structsincluding given type, abbreiation type, axiomatic
de nition, schemale nitions, etc.

We brie y recallfrom [1] the institution Z, denotedby
S in [1], formalizingthe logic underlyingthe speci cation
languageZ.

A Zsignatue Z is atriple (G; Op; ) whereG is theset
of the given-setsnames Op is a setof the identi ers, and

is a function mappingthe namesn Op into typesT (G),
whereT (G) is inductively de ned by:

1. G T(G),

2. Th

3.P(M2T(G) forT2 T(G),

4 g P Tt % s Tl 2 T(G) forTi 2 T(G) andx is a
variablename,j = 1;::; n, suchthati 6 j) x 6 Xx;.

A Z signatue morphism : (G;Op; )! (G%0p% 9
is a pair of functions 4 : G! GPand o, : Op! Op’
suchthat ; T( g9 = op; O T( g9 is the standard
extensionof ¢ t0 T( g9 : T(G) ! T(GY. We de-
note by Sign(Z) the cateyory of Z signatures.Givena Z
signatureZ = (G;Op; ), aZ-structue (model)is a pair
(Ac; Aop) WhereAg is a functor from G, viewed asa dis-
cretecateyory, to Set, andAop is asetf(o;v) j 0 2 Opg
wherev 2 Ag( (0)). ThefunctorAg is the standardexten-
sionof Agto Ag : T(G) ! Set. A Z-homomorphism
h . (As;Aop) ! (Bg;Bop) is a natural transformation
h:As) Bggivenbyh ((v) = V%, where(o;v) 2 Agp
and(o; W) 2 Bop; agrin, h is the usualextensionof h to
h:As) Bg. Wedenoteby Mod(Z)(Z) the catgory of
Z -structures.Givena Z signaturemorphism :z ! z°
anda z %structureA’= (AL; A), the -reductA’ isthe
Z -structureA = (Ag;Aop) givenby Ag = 4; A2, and
Aop = F(0;V)  ( op(0);V) 2 AJp;02 Opg.

Given a Z signatureZ, the setsof Z -expressionsE, Z -
schema-gpressionsS, and (part) of Z -formulasP arede-
ned by:

E:=idjxj(E:::;E)jEijh 7V E; i1,

iE Ejs

Si=x:E i1, % :Ej(SjP)j: SjS_SjsSr S

_U
i

true jfalse jE2EjE=Ej: PjP_PjPAP
jP) Pj8SPj9SP
The Z -sentenceareZ -formulaswell de ned, i.e., all the

operatorsandquanti ers aregivenover expression$aving
thetypescompatiblewith their de nition.

Example 1 Thefollowing simpleZ speci cation:
[Class Resouce]
__ClassesAsResags

instances Class! P Resouce
res: Class Resouce

8c;c’: Class r : Resouce pr : PResouce
c7'r2res) :(r2pr” c®7! pr2 instances

is describedn thetermsof theinstitutionZ asCR = ((G;

Op; );P)whereG = fClass Resoucey, Op = finstances
reg, (instance} = P(Class P(Resouceg), (re9 =

P(Class Resouce), andP includestheformulasexpress-
ing the functionalityof the relationinstancesthe function-
ality and the injectivity of the relation res, together with
the invariant of the state schemaClassesAsResaes. It

is easyto seg eg.,, thatc 7! r 2 resis a CR-expression
andc;c®: Class r : Resouce pr : PResouceis a CR-

schema-gpression.

The interpretationof the Z -formulasby Z -structuresand
the satisfaction relation between Z -structuresand Z -
sentencearede ned asexpectede.g., AF ¢ 7! r 2 resiff
for all variablebindingsf (c; vc); (r; vr)g, (Ve; V) 2 wand
(resw) 2 Agp.

The institution Z is givenby Z = (Sign(Z);sen(Z);
Mod(Z); F z), whereSign(Z) is the categyory of Z signa-
tures,thefunctorsen(Z) mapseachZ signatureZ to its set
of Z -sentenceghefunctorMod(Z) mapseachZ signature
Z to the category of Z -structuresandf 7.z is de ned as
above.

5.EncodingO in Z

In our previous works [2, 3], we developedthe seman-
tics for DAML+OIL languagen formal languageZ asan
extensionof thestandardibrary. This semantidibrary was
lateron revisedfor thenew ontologylanguageOWL, incor-
poratingchangedncurredin OWL from DAML+OIL. In
this section,we will demonstratethroughinstitutionsco-
morphismsthatthe Z encodingof OWL is indeedsound.



The mainideais to associate Z speci cation ( O; F)
with eachOWL speci cation (O; F) suchthatan (O;F)-
model can be extractedfrom each ( O; F)-model. The
constructionof ( O; F) is givenin two steps:we rst as-
sociatea Z speci cation ( O) with eachOWL signatureO
andthenwe addto it thesentencef translated/ia anatural
transformation.

Since ( O;F) canbeseenasa Z semanticof (O; F),
it includesa distinctsubspeci cation(Z ; P ) de ning the
main OWL conceptsand the operationsover sets. More
precisely we consider(Z - ; P') asbeingthe vertex of the
colimit having asbasethestandardibrary, thespeci cation
of thedatatypes,togethemwith thefollowing speci cation:

given sets:
Resource ;

identi ers:

X correspondingo OWL signatures:
Class ;Property ;Thing ;Nothing ;ObjectProperty

DatatypeProperty ; Individual
X giving Z semanticso OWL signatures:
instances ;subVal

X correspondingo OWL classaxioms:
disjointClasses ; equivalentClasses

X correspondingo OWL descriptionsandrestrictions:
unionOf ; intersectionOf ; complementOf ; oneOf ;

X correspondingo OWL propertyaxioms:

domain ;range ;functional ;inverseOf ; symmetric

» for the newidenti ers:

X correspondingo OWL signatures:
"(Class )= ' (Property )= °(ObjectProperty )=
' (DatatypeProperty ) = P(Resource )
"(Thing ) = ‘(Nothing ) = Resource

X giving Z semanticéo OWL signatures:

" (instances ) = P(Resource P (Resource ))
‘(subval ) = P(Resource P (Resource
Resource ))
X correspondingo OWL classaxioms:
' (disjointClasses )= ‘(Class Class ) =
P (Resource  Resource )
" (subClassOf ) = P(Resource Resource )

X correspondingo OWL descriptionstestrictions
“(unionOf )= ‘((Class Class ) Class )
= P((Resource Resource ) Resource )

X correspondingo OWL propertyaxioms:
' (domain ) = P(Resource Resource )
' (range ) = P(Resource Resource )

; subClassOf

sentences:
X correspondingo OWL signatures:
Class \ Property =
Class \ Individual =
Property \ Individual =

X giving Z semanticdo OWL signatures:

instances (Thing ) = Individual
instances (Nothing ) = ;
8c:Class instances (c) Individual

X correspondingo OWL classaxioms:
8ci;c i Class ¢ 7! ¢ 2 disjointClasses ,
instances (c;)\ instances (cz) = ;
8ci;c:Class ¢ 7! ¢ 2 subClassOf
instances (c;) instances ()

X correspondingo OWL descriptionstestrictions:
8c;c1;c :Class  (€1;¢2) 7! €2 unionOf
instances (c¢) = instances (ci1)[ instances (cz)

X correspondingo OWL propertyaxioms:
8 p1; p2 : Property p1 7! p2 2 subPropertyOf
subVal (p1) subVal (p2)
8p: Property ; c:Class p7' c2 domain ,
domsubVal (p) instances (c)

We de ne : Sign(O) !
O = (C;R;U; 1) bean OWL signature. Then
(G; Op; ) isde ned asfollows:

G=G;

Op=0Op [ C[ RL UL I;

(C) = Resource foreachC 2 C,

(R) = Resource foreachR2 R,

(U) = Resource foreachU 2 U,

(0) = Resource foreacho?2 I.

Sign(Z) as follows. Let
(0) =

If ' : O ! OY%sanOWL signaturemorphismand
(0) = (G;0p, )and (0Y = (G;0p% 9, then
(): (0)! ( 0OYisthez signaturenorphism(id :
G ! G; ()op:Op! Op) suchthat (' )opisthe

identity over the subsetOp and (" )op(N) = * (N) for
eachnameN in O. It is easyto checkthat ; T(id) =

( )op; °
Weextend to : Sign(O) ! Th(Z) by dening
(O)=( (0);P),wherePisP: togethemwith the fol-

lowing sentences:

fC2Class )jC2 Cg|[
f R2 ObjectProperty

fU 2 DatatypeProperty
fo 2 Individual jo2lg.

If O isanOWL signaturethen
o :sen(0)(0)!
is de ned by:

jR2 Rg|[
ju2 Ug]

sen(Z)(( 0))



o(?) = Nothing ,
0 (C1 u Cy) = intersectionOf

o(>) = Thing ,
( 0(C1); o(C2)),

( o(R; o(Q),

( o(R);nN),...
0 (Cz) 2 subClassOf

o (8 RC) = allvaluesFrom

”<.)(6 nR) = maxCardinality
o(Civ CG)= o(Cy) 7!

“(')(E) =f o(e)je2 Eg.

Lemmal
formation

=f o j O 2 Sign(O)gis a natural trans-
:sen(0)) : sen(Z)3.

If O = (C;R;U;l) is an OWL signatureand A° =
(A%;A%p) a  (O)-model, then ¢ (A9 is the O-model
A= ( a -] Resa;resa) de nedasfollows:

Resa = A2(Resource ),
resa(N) = vwhere(N;v) 2 AOop for eachnameN2 0O,
A= vwhere(Thing ;v) 2 A},
if C 2 C, then[[C], = vc where(instances ;v) 2 A%p
and(C;vc) 2 v,
if R2 R, then[[R], = vk where(subVal ;v) 2 A2, and

(Rvr) 2 v,
if U2 U, then[U], = w where(subDVal ;v) 2 A}, and
(U;w) 2 v
Weextend o toafunctor o : Modq (O))! Mod(O)
asfollows:if h: A°! BPisa  (O)-homomorphismthen
o(h) istheO-homomorphism g (h) : o(A) ! (B9

givenby o (h) = hresource -

Lemma2 =f o jO 2 Sign(O)gisanatural transfor
mation °P: Mod(Z)) Mod(O).

Theoreml1 ( ; ; ): 0O ! Zisasimpletheowidal co-
morphism.

6. Conclusion

The complementarnypower of SemanticWeb and soft-
wareengineerindgoolshave beenshawvn to verify ontology-
relatedoropertiesnoreef ciently andeffectively. Theover
all correctnes®f the combinedapproachargely depends
onthesoundnessf thetransformatiorfrom OWL to Z, two
language®f differentunderlyinglogical systems.

In this paper we demonstratedhe soundnesof the
above transformationthrough the use of institution mor
phisms.This allows usto useZ reasoneror proving prop-
ertiesof OWL ontologies.If eis apropertyof the OWL on-
tology (O; F) andwe prove thatthe Z-encodingof (O; F)
satis esthetranslationof e, o (€), then(O;F) satis ese
by the satisactionconditionfrom the de nition of the co-
morphism.

Themethodwe usedcanbe appliedto ary translationof
OWL ontologiesnto institution-basedormalismandmary
of the formalismswe know can be formalizedas institu-
tions.

3The proofsof this andfollowing lemma/theorencanbefoundin [9].
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