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Abstract:- Evena singledomaincancontainatremendousiumberof local ontologieswith semanticheterogeneitythusone
of the basicproblemsin the developmentof techniquedor the semanticweb is the integration of ontologies. This paper
dealswith the problemof unificationamongsortsfor the sale of ontology integration and coherentinformationretrieval
in semantioweb applications. In this contet, a knowledgerepresentatiofiormalism,in orderto unify two arbitrary sorts
into one, is important. We provide a sortedsignaturefor ontology specificationregarding subsumptiorconsisteng in a
sort hierarchy In our approachtaxonomiesare structuredby the set-theoreticainclusion of identity conditionsthrough
inheritance.An identity condition (IC) canjudgewhethertwo individuals of a sortareidentical or not. First, we address
somefundamentakemantiaelationsbasedon the IC setsof sorts. Next, we introducethe own IC of a sort, thatis, anIC
originatedby thatsort, for our sortunificationframewnork. We dealwith the equalityof sortsby usingsamenesandmutual
substitutionbetweertheir own ICs, concerningthe views of terminologyand subsumptiorevel betweenocal ontologies.
We alsoillustratea semantidntegrationmodelamongindependentvorlds.

Key-Wbrds:- Unification of Sorts,SemanticHeterogeneityOrdersortedLogic, Taxonomylintegration, Ontology Mapping,
SemantidNeb

1. Intr oduction muItipIe@)ublishing sitesinto its own. A web portal like
Google® 2 may needto proceeda query through multi-
ple ontologiesin orderto fulfill the users requirementsA
stockexchangeagentike N asdaq® 3 mayneedo analyze
the dynamicstatisticsof market changesasedon several
databaseacrosdifferentschemas.

If all ontologyengineeranddomainexpertsagreedna
universalstandardtheunificationof sortsmightbenotnec-
essary However, the web hasevolved without centraledi-
torshipandconsensusSincethe correspondencbetween
ary two communitiesis inevitably fuzzy even for a single
domain,aknowledgerepresentatioformalismwhich deals
with the semanticheterogeneityamongdatarepositoriesas
well aswith semantianappingbetweenontologiesis criti-

One of the basicproblemsin the developmentof tech-
niguesfor the semanticweb is the integration of ontolo-
gies. Indeed,the web incorporatesa variety of informa-
tion sourcesandin orderto extractinformationfrom such
sourcestheir semantidntegrationandreconciliationis re-
quired. In this paper we deal with a situationin which
we have variouslocal ontologiesdevelopedindependently
from eachother We arerequiredto extractinformationasa
meanof integratingtheselocal ontologies.Thus,the main
purposesof this paperare to provide a knowledgerepre-
sentationsystemfor ontologiesandto defineheuristicsfor
ontologymappingandintegrating(seeSection3).

Most of the work carriedout on ontologiesfor the se- cal. , . )
mantic web concernswhich ontology languageto usefor According to [1], ontological propertiesare generally
integrationon the basisof local ones.For example theon-  classifiedas:
tology InferenceLayer(OIL) [5, 13| proposeso usean ex- e sortals No part of the entity hasthe property e.g.,
pressve DescriptionLogic (DL) form of_ontologylanguage persondesk,university, book
for informationexchangean the semantioveh _

Thereare a tremendousiumberof local ontologieson * Non-sortals Part of the entity hasthe property e.g,
the web, andfor efficient informationretrieval in response water air, gold, red,small, level

to a query we often needto integratethem. A few ex-
ampleswill illustrate the scenario. A web marketplace
like Amazon® 1 may needto combinepublicationsfrom

The sortal propertiesare representedis the primitive
conceptsof a knowledge model and non-sortalproperties

2http://www.google.com
Ihttp://www.amazon.com Shitp://www.nasdag.com




becomethe relationsof concepts.In our approachpntolo-
giesarestructuredby anordersortedcalculug12] in which
conceptsare definedas sorts and relationsare treatedas
predicatesWe createa correspondencieetweerontologies
anddatabasschemady interpretingeachsortasa class.

The organizationof this paperis asfollows. In Section
2,wepresenthe specificatiorof ontologiesandontological
databasewith respecto the sortedsignatureX. In Section
3, we statethe semanticrelationsamongsortsconcerning
their IC sets. Then, we discussa framework of sort uni-
fication basedon own ICs regardingterminologicaldiffer-
encesandsubsumptiorievelsamonglocal ontologiesn in-
dependentvorlds. In Sectiond, we compareourknowledge
representatioformalismwith otherrelatedtechniquesFi-
nally, in Section5, we summarizeour contrikution anddis-
cussour futureresearch.

2 Specificationof Ontologiesin Order-Sorted
Calculus

Ordersortedlogic is a first-order predicatelogic with
mary orderedsorts,which leadsto the efficient reasoning
methodsfor structuralknowledgethat ordinaryfirst-order
logic lacks. Theadwantage®f ordersortediogic areasfol-
lows.

e All formulaswith sortedtermscanbe checled more
or lesssyntacticallywhethera logic programis well-
typed* or not.

¢ Sortingreduceghe searchspaceof the inferencesys-
tem. We couldseetheadantageof reasoningnethods
on sorted predicatesand knowledge derivation with
multiple knowledgebasesn [8].

We alsoagreetheconsisteng of subsumptiomelationin
asorthierarchyis importantfor thoseadvantage$10].

2.1 Overview of Order-Sorted Calculus and Mul-
tiple ICs

In [12], we provided the signatureand semanticsof
anordersortedcalculusto formalizetaxonomiesn sorted
logic. Here,we representinoverview of sortedcalculusas
ashortreferencdor laterspecification.

The alphabetof a first-orderlanguage £, is definedby
atuple(S,C,C,V, F,, P,) with asetof rigid () andnon-
rigid (A) sortsincluding the greatestsort T, subsumption
relations(C) on sorts,constantsyariablesn-ary functions
andpredicategespectiely. Thereaftera sortedsignatue
¥ = (S,C, A) is designatedvhere A is a setof formu-
las with sortedterms(7) suchthatc : s € T;,if t € Ts

4A programis well-typediff eachamumentpositionof a function or
predicates of anappropriateype.

ands C s', thent € T,.. We give thesemantic®f sortsand
predicatesn termsof apossibleworld becaus¢heinterpre-
tation of sortscandiffer from oneworld to the next. Thus,
we attachw in eachinterpretation.However, all ontologies
givenon X sharethealphabetC.

As we have discussedn [10, 11], a sortcanhave more
thanonelC throughsubsumptiomelation. We call thatcon-
ceptmultipleICs andintroduceit asan|C setfor eachsort.
In aformal way, the IC setof a sorts existing in world w
is Zw(s) = {t1,t2,.....} where, € Fy is aunaryfunction
which providesthe uniqueidentifier for eachindividual of
asort. For example,Z,, (person) = {DN A, fingerprint}
wherefingerprint(john : person) returnsauniqueiden-
tifier for a specificfingerprintpatternof person“john”.

A unaryfunction. is anidentity condition(IC) iff:

Ve, ylx =y ¢ (z :s) = 1(y : s)]. Q)

We classify ICs into local ICs and global ICs with re-
specto thepossiblevorld semanticsgivenaKripke frame.
AnIC.is

e aGlobalICiff [¢(a : )], = [¢(a: s)],, forary ain
wRw', and

e alocallCiff it is notagloballC.

The differenceis that a global IC canretain its value
throughall accessiblavorlds. For example,fingerprint is
a globalIC andstudentIDis alocal IC. The ICs areinter
twinedwith rigidity thatcandecidethe scopeof essentiality
for asort. Formally, asorts is rigid iff |= OVz[(z : s) —
O(z : s)] (+R); otherwisenon-rigid (—R). For example,
“personis rigid” meansevery personis a personin every
world, and“studentis non-rigid” meansvery studenis not
necessarila studentin every world. Thus,we divide sorts
into two categories:rigid sorts(I' C S) andnon-rigid sorts
(A C S)suchthatTNA=0andTUA = S.

2.2 Specificationof Formal Ontologies

Now, we give thespecificatiorof ontologieswith respect
to the sortedsignatureX.

Definition 1 (Ontology) An ontolagy O is a tuple
(S,C, I,A) whee I is a setof identity conditionson S.

Definition 2 (Local Ontology) A local ontolagy O, =
(Sw,Cy, Iw,Ay) is an ontolagy designedin a specific
worldw € W.

For ary sorts € S, thereis anlC setZ,(s) thatconsists
of carried ICsinheritedfrom parentsorts,aswell asownIC
originatedby itself. We discusownICs in thenext section.
The subsumptiorrelation (C,,) betweenary two sortsis
consistentlydefinedby IC inheritance.

sCy s iff Ty(s") C Zu(s) 2



Example1l Suppos&);, = (Sw;; Cuyy Lw, > Aw,) isalo-
cal ontolagy in world w; for the univessity domain. The
specificatiorof Oy, is asfollows.

Sw, ={professor staf, student,human,univeisity, course
T}

C,, = A{professor LC,, human,student C,,
human C,,, T,university C,,, T,course C,, T}
I,,={fingerprint, professorlD,studentID,courselD, uni-
versitylD} sudh that

Ty, (human) = { fingerprint},

Tw, (professor) = { fingerprint, professorI D},

T, (student) = { fingerprint, studentID},

Tw, (university) = {universityI D},

T, (course) = {courselD}.

A, = {belong_to,teach, study, advise} in theformsof
dz,y belongto(x:humany:univesity),

Jz,y tead(x:professory:course),

Jz,y study(x:studenty:course),

Vz advise(supervisaof(x:student):pofessor

x:student).

There may be a numberof databasegor knowledge
bases)which apply the local ontologyin a specificworld.
We call themontolagical databases

Definition 3 (Ontological Database) Givena local ontol-
ogy O,, an ontolagical databaseis a tuple Opp =
(01, Dw, [ 1,,) whee D, is thedomainof Opp sud that
D, C U (U is auniversal setof individuals)and[ ] is the
interpretationof Or, in world w.

In ary ontologicaldatabas&® p g, thefollowing interpreta-
tionsareconsistent.

ifse S, then [s], C[D], (3)
sCs' iff [s], Cls], 4)

Next, we considera globalontologyfor all local ontolo-
giesgivenawell-definedKripke frame.

Definition 4 (Global Ontology) A global ontolagy in
world w isatuple O, = (T, C, I, A) in which all sortsare
rigid and O, C O; in everyaccessiblavorld w; € WV sut
thatw Rw;.

Example 2 Consideranontolagical modelgivenin a well-
definedKripke frame(W, R) whee W = {w, w1, w2, w3}
with R = {wRw;},1 < i < 3. By Definition4, there is a
global ontolagy (O,) in world w which is appliedto every
local ontolagy (O;) in world w; € W. For anyrigid sort
Y € Tw, Zu(7) = Zw, (7)-

Additionally;, the following set-theoetical inclusion is
satisfiedamongall ontolagical databasesn the above ex-
ample

. 2 []., and [D], 2[D],, 5)

Anal ysi s on LT. )
senmantic

simlarity among
| ocal ontol ogi es

uni fied semantics on
| ocal ontol ogies

Figure 1. An Example Application Model for
Ontology Integration

The upper part of Figure 1 illustratesa model of on-
tologiesandrelateddatabasetocally designedn different
worlds. If the accessibilityrelations(R) areknovn among
worldsw € W, the conceptof a global ontologyis very
usefulfor ontologymappingandintegrationprocessHow-
ever, ontologiesmay be designedn eachlocal world with-
out ary accessibilityrelation betweeneachother There-
fore, equation(5) may not be applicablein sucha knowl-
edgemodel. We needto consideranothersolutionto inte-
grate semanticheterogeneityamonglocal ontologieswith
unknownaccessibilityrelationsto eachother Thenext sec-
tion presentsa detaileddiscussionof ontology integration
givenaKripke frame(W, R) with W{w;},1 < i < n,and

3 Framework of Sorts Unification

Concerningontologymappingandintegratingamongn-
dependentvorlds, threekinds of semanticrelationcanbe
generallyidentifiedasfollows.

e Disjoint Relation: Thereis no intersectionbetween
thelC setsof two givensortss; € S.,; ands; € S, .

§; X 85

iff Ty, (51) N Ty (5;) = 0 (6)

e Overlap Relation: Thereis an intersectionbetween
thelC setsof two givensortss; € S, ands; € Sy, .

s;2s; ff Ty (s:) N Tu,(s;) # 0 (7)



e Equality Relation: Thereis anequialentrelationbe-
tweenthe IC setsof two given sortss; € S, and
s; € Swj.

8 = 8; iff Iw,- (Sl) = ij (Sj) (8)
Therearetwo possibleissuedfor the above relationses-
peciallywith regardto equation(8).

1. Terminolagyical Difference: How do we malke the
heuristicsdefinedfor eachrelationto be applicableif
the nameg(or terms)of the sortsandtheir ICs do not
exactly match? For example,staf and employeeare
terminologicallydifferentbut semanticallthesameas
thepersonwhois employedin anorganization.

2. Subsumptiorievel: The subsumptionlevel of a sort
amonglocal ontologiescan not always be the same.
For example, Z,, (professor) # I, (professor)
where professor C,, staff C., human and
professor L., faculty C.; employee L,
person.

Our solutionis basedon the notion of own IC because
the own IC of a sortis createdonly by thatsortandit is
very limited. The role of own IC overcomesthe problem
causedy thesubsumptiorevel.

Definition 5 (Own IC) Let:*° € 7,(s) beanownIC of
sorts iff 170 € 7,,(s') whees' Z,, s.

Example 3 Accoding to Definition5, the|C setsof Oy, in
examplel becomes

T, (human) = { fingerprint*°},

T, (prof) = {fingerprint,professor[ D*°},

T, (student) = { fingerprint, studentID*°},

T, (university) = {university DT°},

T, (course) = {courseI D+°}.

Normally, each sort is identified by a single
own IC, for example, computer{product_key*°},
book{ISBN™*°}, homepage{URL™*}, etc. However,
some sorts can have more than one own IC, such as
person{ fingerprint™° iris_pattern™°}. In the former
case,we focus on the terminologicaldifferenceand shav
the samenessf own ICs for the equality relation. Each
individual of a sort could have the samelC value as the
next own IC, if thoseICs are semanticallyequialent.
In the latter case,the IC valuesof eachown IC can be
totally differentsincethe semanticof eachown IC is quite
different. However, the own ICs of sortsmay be able to
substitutemutually; if they areown ICs of the samesort.

In orderto shav the samenesand mutual substitution
betweentwo own ICs, we use an approachin which the
own ICs of sortss; ands; aretemporarilysharedoy each

sortinterchangeablyBeforethat, the systemmustbe sure
thaty; & Zu, (s:) ande; & T, (s;). In thisapproachwe as-
sumethatnecessargatasetsfor .} in w; concerningwith
[s5]., andLj*" inw; concerningwith [s;],,. arepossiblyto
becreated.

Leteach;*° ande; T° beown ICs of two arbitrarysorts
s; ands; from differentlocal ontologies.

w.

Definition 6 (Samenes®f own ICs) Thee is the same-
nessof ownICsbetween;*° and:;*°:

e =yt iff Voooos [Lto(z) = to(2)] and
Yy i [t0(y) = uto(y)] .

Definition 7 (Mutual Substitution of Own ICs) Theee is
a mutualsubstitutionbetween,; ° and; °:

6T b T (Vg 08 [T0(x) = 0 (y)
mi]? yi] and Vaj,y; : 55 [ut0(z;) = w0 (y;) © 35 =
Yil )

Now, we modify theequalityrelation(=) of thetwo sorts
in equationd concerningwith theirown ICs.

Definition 8 (Equality of Sorts) Sorts s; and s; have
equality of sorts by either a samenessr a mutual substi-
tution relationbetweertheir ownICs. In a formal way,

e Equality of Sortsby SameOwnICs(=):
5 = 8; iff Li+o = Lj+0.
¢ Equalityof Sortsby Samenes&s):
S; E Sj iff Li+o = Lj+0.

e Equality of Sortsby Mutual Substitutior’(E):
X1 .
$i =8 iff L,’+O > Lj+0.

Both = andZ arethe variationsof the equalityrelation
(=) basedon the correspondencbetweentheir own ICs.
After having equality the IC setof sortsbecomethe form
Tw; (8i) = Lw,;(s5) = {L;';.o, ..... } for the sameneseelation
(=) where.;° is atransformedbwn IC of +;* and.}, and
T, (8:) = Tw;(s5) = {°,4}°,.....} for the equality of
sortswith mutualsubstitutionrelation (p<).

Regardingthe above heuristics we considerthe follow-
ing casesn our sort unification algorithm. Every caseis
labeledin Figure2.

1. Any two arbitrary sorts with samesort namesand
sameownIC names

2. Anytwo arbitrary sortswith samesort namesand dif-
ferentownIC names

3. Anytwo arbitrary sortswith differentsort namesand
sameownIC names
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Figure 2. General Cases in Sorts Unification

4. Anytwo arbitrary sortswith different sort namesand
differentown IC names In this case,both sameness
andmutualsubstitutiorrelationsshouldbe detected.

Algorithm: Unificationof two sortsby theirown ICs

Input
s; With Li+0€Iw,-(5i), s; With Lj+°€ij(8j)
Output
- >
§; =85 Or s; =s; Or s; =s; Or S-;zsj'
Begin
1. n « pattern.match(s;, s;);
m « pattern.match(:1e, 1;1°);
Not e: {1=Tr ue/ O=Fal se}
If (n=1 and n¥l) Then caseno
If (n=1 and nme0) Then caseno
If (n=0 and n¥l) Then caseno
If (n=0 and nme0) Then caseno
Swi tch (caseno)
Case 1,3: s;=s;;
Case 2 :If (1o =¢;1°) Then s; =sj;
El se s1 # s,
Endl f .
Case 4 :If (e =4;%°) Then s; = s;;
El se |f (L1'+°I><1Lj+°)
>
Then s; = s;;
El se s; Zs;;
Endl f

N

Nookow
Tt
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Endl f
Swi t chEnd
8.1f (s; =s;) Then Ty, (s:) « {ti; 1o, . ... 4
ij (Sj) (—{L-;j+° ..... };
Endl f
9.1f (s; =s;) Then T, (si) « {tit°, ;1% .. }:
Tw; (s5) < {eate, 0570 1
Endl f
End.
Remark: |1f a sort has nultiple owmn ICs in
each world, the system nay pick up one own
IC of themin randomy for the sort unific.
ation process.

Thecompleity of thesortunificationalgorithmdepends
onthenumberof individualsrelatedto eachsortin thegiven

ontologicaldatabased.et themaximumnumberof individ-
ualsfor sorts; ben andthe maximumnumberof individu-
alsbelongsto sorts; bem. Assumethatm < n. Thetime
compleity to checkthesamenessr mutualsubstitutiorbe-
tweenthegivenown ICs of s; ands; is O(n). Supposehe
maximumnumberof sortsin eachlocal ontology(O;) is k.
Also assuméhatk < n. Thus,thetime compleity to unify
the semanticof ary two local sortsis O(n?).

Example4 Let O), = (Sws, Ty, lw,, Aw,) iS a local
ontolagy in world w, for the univesity domain. The
specificationof O, that distinguishesit from Oy, is as
follows.

Sw,={professorfaculty, employegadminstaf, president,
studentperson,institute course T}

C., = {professor C,, faculty C,, employee C,,
person, president Cou, admin_staf f Cuw,
person, student Cowsy person, person Cows
T,institute Ty, T,course Ty, T}

I,,={iris_pattern, facultylD, employeelD, professorID,
adminID, presidentID, enllID, institutelD, courselD}
sud thatZ,, (person) = {iris_pattern*°},

T, (employee) = {iris_pattern, employee] D*°},

T, (faculty) = {iris_pattern, employeel D,
facultyID*°}, T, (professor) = {iris_pattern,
employeel D, facultyI D, professorID*°},

L, (admin_staf f) = {iris_pattern,employeel D,
adminID*°}, T,,, (president) = {iris_pattern,
employeel D, adminI D, president] D1},

T, (student) = {iris_pattern,enrollI D},
T, (institute) = {institute] DT°},

T, (course) = {courseID*°}.

Ay, = {belong_to,teach, study,advise, manage}
whee Jdz, y manaje(x:presidenty:institute).

After theproces®f sortunificationbetweer);, andO,,
by consultingwith their relatedontologicaldatabaseshe
equalityrelationsbetweenabeledsortsin Figure2 canbe
identifiedasfollows.

1. professor = professor with professorID =
professorID in casel by Definition 8.

2. student = student with studentID = enrollID in
case? by Definition 6.

3. staff = employee with employeeID =
employeel D in case3 by Definition 8.

4. university = institute with universitylD =
instituteI D in case4 by Definition 6.

5. human = person With fingerprint < iris_pattern
in case4 by Definition 7.
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Figure 3. Unified View on the Local Ontolo-
gies of w; and w;

After the unificationof sorts,eachlocal ontology O; is
necessarilyupdatedby equation(2). The following heuris-
tic is appliedin the later ontology integration processas
regardssubsumptionrelation.

If (sCu, s" andsC,; s' ands' C,,; s")

Then (s Cu,; s’ ands' Cu,; s") 9)
Definition 9 (Integrated Ontology) Supposethere are a
local ontolagy andits relatedontolagical databasesn eac
world w € W sud that O;, = (Sw,Cy, Lw, Ay) With
> Opsi(O1,,Du,[],)- Foranytwoworldsw;, w; €
W wher i # j, there is an integrated ontology (’)j{ij =
(Swij> Cij, Lw,; , Aw;;) SU that(’)f;f’ = Oy, U Oy;. Addi-
tionally,

For any s € Su,;, [8l,,, = [8]., Y [5].,- (10)

Therefore we canextractall relevantinformationfor a
guerythroughan integratedontology amonglocal worlds.
The unified view of the local ontologiesin worlds w; and
w; is shown in Figure 3. Our unification framevork can
alsodefinethe accessibilityrelationsamongworlds.

It (si =s; and [si],, € [sils,)

Then s;,8; €T and w;Rw; (11)

The equation(11) mentionsthattwo givensortss; € S,
ands; € S,,; canbeidentifiedasrigid sortsif they have
not only sort equality but also domain inclusion through
worlds. Consequentlythey navigate the accessibilityre-
lation betweentheir worlds in orderto constructa Kripke
frame.

Initially, a Kripke frame (W, R) canbe definedfor the
independentvorldsonly in areflexive form wherewRw €
R for ary w € W. After the unification process,other
accessibilityrelationshetweerthemsuchastransitve, Eu-
clidean etc.,areknownto completehegivenKripkeframe.

4 RelatedWork

We have armgued that mapping betweenconcepts(or
sorts) is essentialfor the integration of local ontologies.
Prior relatedresearchcan be consideredrom two differ-
entpointsof view. Oneperspeciie is the representatioof
ontologiesandreasoningamongthem. The subject“what
featuresare importantin representingontologiesfor rea-
soning” is addressedhere. OBSERVER [4] is a project
thatusesontologiesto allow queriesagainstheterogeneous
sources. It appliesontologiesrepresentedn Description
Logic (DL) to replaceermsin userquerieswith formal con-
cepts.In thecaseof themappingprocessthesemantiaela-
tionships(synoryms, hyporyms, and hyperryms) between
conceptsarepredefined.

Oneof the projectsin the frameavork of SemanticWeb,
SHOE [6, 7], usesHTML tagsasits extensionsand pro-
videsits own representatioffiormalismfor ontologiesand
reasoningoasedon semanticsearch. SHOE emploiesDL
to defineontologieswith ontologyextension.Ontobroker
[14] is similar to SHOE in mary respects.It is basedon
frame-basedogic. Although their work is comprehensie
for semanticsearchand information integration basedon
ontologiestheirweaknesss alack of heuristicsto identify
semantiaelationsbetweerontologicalconcepts.

The next perspectie concernghe semanticintegration
of databaseschemaslit addressethe issueof relatingon-
tologieswith existing databaseschemas for the purpose
of informationintegration. The aim of the integrationpro-
cesds thedevelopmenbf aglobalschemawhichintegrates
andsubsumeshelocal scheman suchaway thatusersare
provided with a uniform andcorrectview of the federated
databasesRecentworksin this field usea varetyof heuris-
tics to find mapping[2, 9]. A machinelearningtechnique,
supportvector machine,is usedto automatethe ontology
mappingprocessin [3] by deriving a similarity between
conceptdbasedon their extensions.

In this paper we have proposeda knowledgerepresen-
tationformalismin ordersortedlogic concerningheteroge-
neousschemas.The advantagesf this work comparedo
otherattemptsare:

e providing efficient reasoningcapabilitiesin semantic
integrationbecausef the formalizationof ontologies
in termsof order-sortedlogic;

e presentingtwo approaches:a global ontolagy for
a well-defined Kripke frame, and a sort unification
framework with prior unknavn accessibilityrelations
amongworlds.

5Schemasaredefinitionsthat specify the structureof dataandarethe
resultof a databaselesignphase.



e providing sortunificationutilities asthe heuristicsfor
theontologyintegrationandmappingamongindepen-
dentworlds;

5 Conclusion

Our main contritution is to shav that the specification
of ontologiesgiven on a sortedsignatureX: can be effec-
tively exploited to boostontology integration using a sort
unificationalgorithm. In our future work, we areplanning
to addresghefollowing problems:

e Weneedo accelerateurunificationalgorithmandex-
tendit to a full functionalontologyintegrationsystem
for semantigylobalization.

e Weneedo considetthespecificatiorof ontologyreuse
thatenhancesheachievementof a globalschema.
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