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ABSTRACT With the rapid development of the Web, a large number of electronic resources have been
generated. Currently, XML has been an important tool for data representation and exchange over the Web.
The incompleteness of information in the real-world is inherent. To deal with imprecise and uncertain
data, fuzzy XML and fuzzy ontology modeling recently receive more attention. In order to represent the
fuzzy information, we concentrate on fuzzy information modeling in a fuzzy XML model and fuzzy OWL
2 ontology in this paper. Furthermore, we propose an approach of transforming fuzzy OWL 2 ontologies
(including structures and instances) into fuzzy XML models. Then we prove that the sementics of this
transformation approach are preserved and propose a transforming example to explain the transforming
process. This paper provides a new approach for the fuzzy XML modeling and fuzzy XML mapping based
on the fuzzy OWL 2 ontologies.

INDEX TERMS Fuzzy XML model, fuzzy DTD, fuzzy OWL 2 ontology, constructing, transforming,

mapping.

I. INTRODUCTION

With the rapid development and the comprehensive uti-
lization of the Internet, XML (eXtensible Markup Lan-
guage) has been an important tool for data representation
and exchange over the Web mainly because it is a self-
descriptive format that supports a flexible representation of
data, and it is an open and free pattern [24]. The reason-
ing and decision system based on XML has been widely
used in artificial intelligence and knowledge engineering.
In order to share, exchange, reuse, and integrate informa-
tion between different systems and users, it is necessary
to transform the XML model to other data models [3].
The mapping from data models into XML can benefit
database interoperability over the Web. Various data mod-
els, including relational databases [10], nested relational
databases [11], object-oriented databases [17], [18], [24],
object-relational databases [7], EER models [30] and
UML models [6], [15], have been mapped to XML
document.

In the real-world information is inherently imprecise and
uncertain since it values is subjective. To represent and han-
dle imperfect information with XML, Abiteboul et al. [1]
provided a system using XML and DTD processing incom-
plete information. They utilize probability theory to deal with

ambiguous data in XML has received widespread attention,
such as [19], [25], and [27]. Gaurav and Alhajj [8] proposed
an approach to incorporate fuzzy and inaccurate data into an
XML document. This approach utilizes the possibility the-
ory and the similarity relationship to present fuzzy data and
maps the fuzzy data from the fuzzy relational database to a
fuzzy XML document with the corresponding XML schema.
Oliboni and Pozzani [20] proposed a definition of gen-
eral XML Schema for representing fuzzy information.
Ma and Yan [15] represented a fuzzy XML data model based
on possibility distribution theory, and proposed a conceptual
structure and database storage methods of this model. Then
they presented two mappings from fuzzy UML model to the
fuzzy XML model and from the fuzzy XML model to the
fuzzy relational database, respectively. Yan et al. [29] pre-
sented a definition of multiple granularity of data fuzziness
based on elements and attribute values of the elements in the
XML. They developed this fuzzy XML data model for deal-
ing with all fuzziness based on the XML model. A new fuzzy
XML model based on XML Schema and algebraic operations
in this model was proposed in [13]. Ma and Yan [16] provide
an up-to-date overview of fuzzy XML data modeling in fuzzy
data management and the main approaches of modeling fuzzy
XML data.
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In addition, in order to express and reasoning fuzzy knowl-
edge, fuzzy ontology definitions [12], [28] have been pro-
posed by incorporating fuzzy description logic and fuzzy
set theory [31], [32]. In the context of the Semantic
Web [12], the Web ontology language (OWL) 2 [21]-[23]
becomes the latest standard ontology description language
recommended by W3C Web Ontology Working Group.
Bobillo and Straccia [4] presented a concrere approach to
represent fuzzy ontologies based on OWL 2 annotation prop-
erties and a prototypical tool to implement. Our work mainly
focus on the fuzzy OWL 2, which is an extension of the
OWL 2 based on the Zadehars fuzzy set theory [31], [32].
The logical foundation of fuzzy OWL 2 is the fuzzy DL called
Sf-SROIQ(D) [5].

To deal with XML with ontologies, some research has been
made to map XML into ontologies. This work in [33] and [36]
pay attention to represent and reason about fuzzy XML mod-
els with fuzzy ontologies. Hacherouf et al. [9] summed up
a survey on the different approaches of conversion XML
documents to OWL ontologies and presented two main pro-
cesses of ontology enrichment (Abox) and ontology popula-
tion (Tbox). In addition, Zhang et al. [35] proposed a formal
definition of fuzzy XML model and gave an approach and
automated tool for constructing fuzzy ontologies from fuzzy
XML model. Actually, it is needed to reengine ontologies
into other data models. Benslimane et al. [2], for example,
propose a reverse engineering approach of extracting domain
ontology schema to construct conceptual data model so that
ontologies can be reused at a conceptual level. Similarly,
to reuse and exchange ontologies on the Web, it is useful
to map ontologies into XML. This just likes the mapping
from databases into XML [7], [10], [17], [18], [24]. Unfor-
tunately, few work investigate the mapping of ontologies
into XML. It is especially true to map fuzzy ontologies into
fuzzy XML.

Based on Zadeh’s fuzzy set theory, we extend a fuzzy XML
data model to deal with all types of fuzzy. Then we propose
a formal approach of transforming fuzzy OWL 2 ontologies
(including structure and instance levels) into fuzzy XML
models. The correctness of this approach is proved, and a
transformation example is provided to illustrate the proposed
approach.

The remainder of this paper is organized as follows.
The fuzzy XML data models and fuzzy OWL 2 ontologies
are introduced in Section II. In Section III, the approaches
to transform fuzzy OWL 2 ontologies (including structure
and instance levels) into fuzzy XML models are proposed.
Section IV concludes the paper.

Il. FUZZY XML MODEL AND FUZZY OWL 2 ONTOLOGY

A. THE REPRESENTATION OF FUZZY XML MODEL

To deal with fuzzy information, we extend XML docu-
ments based on fuzzy sets and probability distribution theory.
We utilize membership degrees to indicate the fuzziness in
elements and possibility distribution to indicate the fuzziness
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in attribute values of elements. In [13], we propose some
concepts about fuzzy XML model.

Definition 1: Let V be a finite set of vertices, E € V x V
be a set of edges and £ : E — T be a mapping from edges
to a set I of strings called labels. The triple G = (V, E, £)is
an edge labeled directed graph.

Definition 2: A fuzzy XML tree T can be a 6-tuple 7 =
(V,o,A,n, p,y) where

oV =1V, ..., V,is aset of vertices.

oo C {(Vi, VpIVi, V; € V},(V, 0)is a directed tree.

e :V — (LU{NULL}), where L a set of strings called
labels. Forv € Vand! € L, A(v, I) specifies the set of objects
that may be children of v with label /.

e ) — T, where T'is a set of fuzzy XML types [20].

e p is a possibility function. It defines the possibility of a
set of children nodes given belonging to the parent node.

e y is a mapping relationship. It defines the number of
child nodes that pass through a label / as parent node v, where
veV, ]l elL yWvl]) = [min max], where min > 0,
max > min, y is used to represent the lower and upper
bounds.

Definition 3 (Fuzzy DTDs): A fuzzy DTD D is a pair (P, 1),
where P is a set of element type definitions, and r € E is the
root element type, which uniquely identifies a fuzzy DTD.
Each element type definition has the form £ — («,A) ,
constructed according to the following syntax:

@ = Slempty|(a1|a2)|(a1, @2)la’ |o* | |any
A ::= empty|(AN; AT; VT)

Here:

e S =T U E; T denotes the atomic types of elements
and attributes; E denotes a set of elements including the
basic elements and special elements Val and Dist; 'empry’
denotes the empty string; /| denotes union, and ’,” denotes
concatenation; o can be extended with cardinality operators
'Y '+’ and’4', where'? denotes O or 1 time, "+’ denotes 0 or
n times, and '+ denotes 1 or n times; the construct any stands
for any sequence of element types defined in the fuzzy DTD.

e AN € A denotes the attribute names of the ele-
ment E; AT denotes the attribute types; and VT is the value
types of attributes which can be #REQUIRED, #IMPLIED,
#FIXED value, value, and disjunctive/conjunctive possibility
distribution.

Definition 4 (Fuzzy XML Documents): A fuzzy XML doc-
ument d over a fuzzy DTD Disatupled = (N, <, A, n,¥),
where:

e N: is a set of nodes in a fuzzy XML document tree.

e <: denotes the parent-child relationship between nodes,
i.e., for two nodes v;, v; € N, if v; < vj, then v; is the parent
node of v;.

e .: N - E U A is a labeling function for distinguishing
elements and attributes.

e : N Xx N — dom is a function for mapping attributes to
values such that for each pair nodes v;, v; € N with v; < vj,
if L(vj) = @a; € A, then n(v;, v;) = d; € dom. In particular,
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if A(vj) = e € N is aleaf element node E (such as the element
sname in Figure I), then g(v;, vj)) = d; € dom.

e y is the root node of a fuzzy XML document tree.

A fuzzy XML document is intuitionally deemed a syntax
tree, and conforms to a fuzzy DTD that consists of elements
and their associated attributes. A fuzzy XML document [15]
has several fuzzy constructs for fuzzy data modeling. A pos-
sibility attribute “Poss” with a value of [0, 1] together a
fuzzy constructor called “Val” specifies the possibility of
a given element in the XML document. Pair <Val Poss>
and </Val>indicates possibility distribution of an element.
The fuzzy construct “Dist” has multiple elements “Val” as
children, each of element has an associated possibility. A con-
struct “Dist” indicates two types of possibility distribution
disjunctive and conjunctive.

<customer>
<name> Lucky Vitamin</name>
<Val Poss=0.78>
<corporate-customer>
<contactName>Lucy</ contactName >
< creditRating >
<Dist type="disjunctive”>
<Val Poss=0.94>
<creditRating_value >Level II </creditRating_value >
</Val>
</Dist>
</ creditRating >
</ corporate-customer >

</customer>

FIGURE 1. A fragment of the fuzzy XML document.

Figure I gives a fragment of an XML document with fuzzy
information [35]. In the example, assuming that it is the
possibility that “LuckyVitamin™ is included in the customer.
In addition, the corporate-customer has fuzzy values in the
attributes age, which are represented by a disjunctive possi-
bility distribution. Figure 2 gives a tree representation of the
fuzzy XML document in Figure 1.

FIGURE 2. The tree representation of Figure.1.
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B. FUZZY OWL ONTOLOGY

To define fuzzy OWL 2 ontology, it is necessary to introduce
fuzzy OWL language [34], which is based on the Zadeh’s
fuzzy set theory [31]. The semantics for fuzzy OWL 2 are
equivalent to the expressive description logics f~SHID(D)
and f~SHONF(D) [26]. After summarizing the fuzzy OWL
in [34] and [35], we present Table I to show the fuzzy
OWL 2 abstract syntax, the corresponding description logics
syntax, and the semantics.

In Table 1, FC indicates a fuzzy class; FCE indicates a
fuzzy class expression; FDT indicates a fuzzy datatype; FDR
indicates a fuzzy data range; FDP indicates a fuzzy data
property; FDPE indicates a fuzzy data property expression;
FOP indicates a fuzzy ObjectProperty; FOPE indicates a
fuzzy ObjectProperty expression; « indicates an individual
(named or anonymous); /f indicates a literal; FA indicates a
constraining facet; #S indicates the cardinality set S, and b<e
{>, >, <, <}.The semantics of the fuzzy OWL 2 language
is proposed in Definition 5.

Definition 5 (Semantics of Fuzzy OWL 2 Language):
FI is provided by a fuzzy interpretation of the semantics.
A datatype map FD and a vocabulary FV over FD, FI =
(AFI, AFD: ofC FOP FDP o FI oFDT LT oFA NAMED)
for FD and FVis a 10-tuple with the following structure [21]:

1) AF Tis a nonempty fuzzy set called the fuzzy object
domain.

2) AfP is a nonempty set disjoint with A" called the
data domain such that (DT)FPT C AF D for each datatype
FDT e FVIPT,

3) ofC is the fuzzy class interpretation function that assigns
to each class FC € FVFC a subset (FC)FC < A such that
(owl : Thing)™® = A\ and (owl : Nothing)'€ = .

4) ofOP is the fuzzy object property interpretation
function that assigns to each object property FOP €
FVFOP 3 subset (FOP)FOP C A_FI X A_F[ such that
(owl : topObjectProperty)’®F = A™ x A™ and (owl :
bottomObjectProperty)fOf = & .

5) oPP is the fuzzy data property interpretation
Junction that assigns to each data property FDP €
FVFPP 3 subset (FDP)FPP C 4 x AP such that
(owl : topDataProperty)P? = A T'x A D and (owl
bottomDataProperty)fPP = & .

6) of! is the fuzzy individual interpretation function that
assigns to each individual @ € F VI an element (o) € AF I

7) ofPT is the datatype interpretation function that assigns
to each datatype FDT € FVPT a subset (FDT)™PT ¢ AFD
such that ¢/P7 is the same as in FD for each datatype FDT e
FVFPT ‘and (rdfs : Literal)™™T = AP

8) oL is the literal interpretation function that is defined
as (DT = (LV, FDT)!S for each It € FVLT, where LV is
the lexical form of /t and FDT is the datatype of It.

9) o/ is the facet interpretation function that is defined as
(F, It YA = (F, (It)LT)FS for each (F, It ) € FVA.

10) NAMED is a subset of A" such that o7 € NAMED
for each named individual « € FV7.
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TABLE 1. Fuzzy OWL abstract syntax, description logic (DL) syntax and interpretation.

Fuzzy OWL abstract syntax

Fuzzy DL syntax

Tnterpretation

Fuzzy Class description

Class(FC) FC FcFT c AFT

: Thing T (owl : Thing)FC = AFT

Nothing I (owl : Nothing)¥C = &

ObjectIntersectionOf(FCEq...FCEyp) FCE{N..NFCE, (FcE)FC 0 ... n(FCE,0FC
ObjectUnionOf(FCE,...FCEp) FCE{ U..UFCE, (FcENFC U U (FCcE)HFC
ObjectComplementO f(FCE) — FCE ~AFI\ (rcE)FC
ObjectOneOf(ay...an) {aj}U...U{an} {aDFT L (an)FT}
ObjectSomeValues From(FOPE FCE) SFOPE - FCE {z |3y : (z,y) € (FOPE)Y 9P wdy e (FCE)FC}

ObjectAllValuesFrom(FOPE FCE)

vV # FOPE - FCE

{z|Vy : (z,y) € (FOPE)FOF impliesy € (FCE)FC}

tHasValue(FOPE a)

3FOPE - {a}

{z | (x, (a)]) € (FOPE)FOP}

tHasSelf(FOPE)

FOPE = (FOPE)~

{«|(z,2) € (FOPE)FOPY

tMinCardinality(n FOPE) > nFOPE {o | #{y|(z,y) € (FOPEYFOP} > n}
ObjectMazCardinality(n FOPE) < nFOPE {z | t{y | (, y) c (FOPE)FOP} <n
ObjectExactCardinality(n FOPE) = nFOPE {z | #{y \Igz (FoPE)FOP a4 €

(FoPE)FOPY = n}
DataSomeValuesFrom(FDPEq...FDPE, FDR) 3FDR-{FDPE{...FDPEp} {z3y1,....un : (z,yp) € (FDPEL)T PP forcach1 <
k< nad(yy,...,yn) € (FDRYFDTY
DataAllValuesFrom(FDPE,...FDPEy, FDR) VFDR-{FDPE,...FDPEn} {z VYY1, ..coun : (z,y) € (FDPEL)T PP forcach 1 <
k < nimply (y1,...,yn) € (FDR)FDTY
DataHasValue(FDPE Lt) 3FDPE - {It} {z| (=, .)ET) ¢ (PDPE)FPPY
DataMinCardinality(n FDPE) > nFDPE {z | t{y| (=, y) € FDPEYFDP} > ny
DataMazCardinality(n FDPE) < nFDPE {z | #{y|(z,v) € (FDPE)F PP} < ny
DataExactCardinality(n FDPE) = nFDPE {z|#{y|(z,y) € (FDPE)F PP} = ny
DataMinCardinality(n FDPE FDR) > nFDR - FDPE {z|t#{y | (z,y) € (FDPE)FDP sndy € (FDR)FDPT} >
n}
DataMazCardinality(n FDPE FDR) < nFDR - FDPE {z t{y | (z,v) € (FDPE)YF PP udy ¢ (FPDR)FPTY} <
n}
DataExactCardinality(n FDPE FDR) =nFDR- FDPE {z|t{y|(z,y) € (FDPE)YFPP yday ¢ (FDR)FPTY =
Fuzzy Data Ranges
DatalntersectionOf(FDRy...FDRy) FDRy M ..M FDRy (FDRDFPT A nFDR,)TPT
DataUnionOf(FDRy...FDRy) FDRy; U...U FDRy (FDR)FPT U ... U FDR,)FPT
DataComplementOf(FDR) — FDR (&) \ (FDR)YFDT \here niis the arity of FDR
DataOneO f(lty...lty) {it1} U ... U {ity} ()Tt Ty
DatatypeRestriction(FDT Fy lt]...Fp ltp) (FDR)YFPT A (F, 1t DFA 0 .0 (Fn, )T A
Fuzzy Class axioms
Class(FC partial FCE{...FCEp) FCLC FCE{ M ..M FCEp (FO)FC C (rcE)NFC N ... n(FCE,)TC
SubClassOf(FCE] FCEg) FCE] C FCEg (FCE)TC C (FCEx)FT
EquivalentClasses(FCEq...FCEp) FCE, = ..= FCE, (FCENFC = (FCE)FChoreach1 <j <k <n
DisjointClasses(FCEq...FCEp) FCE; # FCE1<j<k<n (FCENFC n (FCE)FC = gforeach 1 <j <k <n
DisjointUnion(FC FCEq...FCEp) FC = (FCE{U...UFCEy), FCE; # (FO)TC = (FCE):)FC U U (FCEn)FC und

FCEp,1<j<k<n

(FCENFC n (FOE)TC = goreach1 <j <k <n

Fuzzy Object property axioms

SubObject PropertyO f(FOPE] FOPEy)

(FoPE)FOP C (FOPE,FOF

EquivalentObject Properties(FOPE]... FOPEp)

FOPE| C FOPEy
FOPE = ... = FOPEy,

(FOPE)TOP = (FOPE)FOP foreach1 < j < k < n

DisjointObject Properties(FOPE]...FOPEp)

FOPE; # FOPER,1<j<k<n

(FOPE)TOP 0 (FOPE,)FOF = gforeach1 < j < k <
n

ObjectPropertyDomain(FOPE FCE)

IFOPE - FCE

vz, y: (z,y) € (FOPE)FOF impliesw € (FCE)FC

ObjectPropertyRange(FOPE FCE)

T C VFOPE - FCE

Va,y: (z,y) € (FOPE)F O impliesz ¢ (FCE)FC

InverseObjectProperties(FOPE] FOPEg)

FOPE| = (FOPEgy)~

(FoPENTOP = (2, y) | (y,») € (FOPE)TOPY

FunctionalObject Property(FOPE) T C< 1FOPE Ve, u1iug (z,y1) € (FOPE)FOFP ad (z,yy) €
(FOPEYFOP imply yy = yo
InverseFunctionalObject Property(FOPE) T C< 1(FOPE)™ Vaq,mg, (z1,9) € (FOPE)FOP wd (zg,y) €

(FOPE)FOP.mply 1 = aq

RefleziveObject Property(FOPE)

FOPE = (FOPE)~

va i@ € AT implies (v, z) € (FOPE)FOF

IrreflexziveObject Property(FOPE)

FOPE # (FOPE)~

va :z € AT implies (z, 2) ¢ (FOPE)FOF

SymmetricObject Property(FOPE) FOPE = (FOPE)FT va,y :_ (z,y) € (FOPEYFOP implies (y,z) €
(FopE)FOP

AsymmetricObject Property(FOPE) FOPE +# (FOPE)FT va,y :_ (z,y) € (FOPEYFOP mplies (y,z) ¢
(ropPE)FOP

TransitiveObject Property(FOPE) (FOPE)2 C FOPE Vo, y, 2 (z e (FOPE)FOF ua (y,2) €

(FOPE)Foplmphe\('r 2) e (FOoPE)FOP

Fuzzy Data property Axioms

SubDataPropertyOf(FDPE| FDPEg)

(FDPE)FPP C (FDPEy)FPP

EquivalentDataProperties(FDPE;...FDPEp)

FDPE| C FDPEy
FDPE| = = FDPEp

(FDPE)TPP = (FDPEHFDPP foreach1 < j <k < n

DisjointDataProperties(FDPE,...FDPEp)

FDPEj # FDPE, 1< j<k<n

(FDPE)TPP n (FDPEHTFPP = & foreach, 1 < j <
k<n

DataPropertyDomain(FDPE FCE)

3FDPE.T C FCE

va,y: (z,y) € (FDPE)F PP inpliesz € (FCE)FDP

DataPropertyRange(FDPE FDR)

T LCVFDPE.FCE

Va,y: (z,y) € (FDPE)F PP impliesy € (FDR)FDPP

FunctionalDataProperty(FDPE)

TLC< 1FDPE

Ve,yi.yz o (@) € (FDPEYFDPP and (x,yy) €

(FDPE) implies y1 = yo
Fuzzy Assertions Axioms

Samelndividual(ay...an) {aj} = .. = {ag} @)l =@fli<j<k<n
Dif ferentIndividuals(ay...an) {aj} #{ag}l <j<k<n (aJ)FI #(apfli<j<k<n
ClassAssertion(FCE a) SFCE - {a} () FT € (FrcE)FC

Object PropertyAssertion(FOPE aq ag) SFOPE - {ay, a5} ((aDFT (ax)TT) e (rOPE)FOP
NegativeObject PropertyAssertion(FOPE aj ag)  PFOPE - {ay,as} ((a)TT, (a)FT) ¢ (FOPE)FOP
DataPropertyAssertion(FOPE a lt) SFOPE - {a, it} FT, at)fT)y e (rOPE)FOP
NegativeDataPropertyAssertion(FOPE a lt) AFOPE - {a, it} T, a)fT) ¢ (rOPE)FOP

The abstract domain A"

domain A

(disjoint from A") consisting of data values, and e*”
are two fuzzy interpretation functions. These two functions

can map:
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is a set of objects, the datatype

D is the domain of interpretation of all datatypes

and ofP

- For individuals o; and 02, if 01 # 02, of!

- A concrete individual v to an element v
A concept name FA to a membership degree function
FAFT . NPT 10,17,

- An abstract individual o to an element o’ € A,

FI
#* 0y

FD c AFD’
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- An abstract role name R to a membership degree function
R AT AT 10,17,

- A concrete datatype FD to a membership degree function
FDP - AP 10,17,

- A concrete role name F7'to a membership degree function
FTF NPT ATP 10,17

A fuzzy ontology formulated in fuzzy OWL 2 language is
called fuzzy OWL 2 ontology. Several definitions of fuzzy
ontologies are proposed based on the language fuzzy OWL
(e.g. [34], [35]). In order to represent both the structure and
instance information of fuzzy OWL 2 ontologies, we present a
formal definition of fuzzy OWL 2 ontologies in the following,
which considers both the structure and instance information
of fuzzy ontologies.

Definition 6 (Fuzzy OWL 2 Ontology): A fuzzy OWL
ontology is formally represented as 8-tuple FO =
(FOPg, FDPg, FCo, FDTo, FDRo, Flo, Fltg,FOgxiom),
consisting of the following elements [21]:

1) FOPy is a set of object properties identifiers linking
individuals to individuals, and each property may have its
characters and its restrictions;

2) FDPy is a set of data properties linking individuals to
data values;

3) FCo is a set of fuzzy class defined in the OWL 2. Each
class can be an AbstractClass or a ConcreteClass;

4) FDTp is a set datatype, containing the datatype
rdfs:Literal and possibly other datatypes;

5) FDR is a set containing all data range;

6) Flp is a collection of fuzzy individuals (named and
anonymous);

7) Flto is a literal containing each datatype FDTp and each
lexical form of Fltp;

8) FOuxiom 1s a set of finite fuzzy OWL 2 axioms.

In summary, a fuzzy OWL 2 ontology FO includes two
parts: the structure and the instance. Now we illustrate a
fuzzy OWL 2 ontology of E-commerce in an abstract syn-
tax in Figure 3. There are several kinds of fuzziness in the
E-commerce fuzzy ontology.

The element Corporate-Customer may be fuzzy since we
cannot precisely describe the element. In this case, we provide
an attribute i € [0, 1] in the axiom of the element Corporate-
Customer.

A fuzzy keyword FUZZY indicates an attribute to be fuzzy
values. For example, the attribute FUZZY-creditRating of
the element Corporate-Customer may be fuzzy. Moreover,
there may be other fuzzy elements and attributes in the fuzzy
ontology E-commerce.

IIl. TRANSFORMING FUZZY OWL 2 ONTOLOGIES

TO FUZZY XML MODEL

A. TRANSFORMING FUZZY OWL 2 ONTOLOGY INTO
FUZZY XML DTD AT STRUCTURE LEVEL

In the following, Definition 7 firstly propose the formal
approach for converting a fuzzy OWL 2 ontology into a
fuzzy XML DTD. Then, Theorem I proves the correctness of
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A fuzzy OWL 2 ontology structure of customers of E-
commerce:

FO geiom = {

Class (Corporate-Customer partial Customer);

Class (Personal-Customer partial Customer);

EquivalentClasses(Customer, unionOf (Corporate-Customer,

Personal-Customer));

DisjointClasses (Corporate-Customer, Personal-Customer);

Class(Customer complete intersectionOf partial(Name Address p));

ObjectProperty (CustomerhasopName domain (Customer) range

(Name) [Functional]);

ObjectProperty (CustomerhasopAddress domain (Customer) range

(Address));

Class (Customer partial restriction (CustomerhasopName
allValuesFrom Name) Cardinality (1)) restriction
(CustomerhasopAddress allValuesFrom (Address)
minCardinality (1)));

Class (Name partial restriction (NamehasdpPCDATA)

allValuesFrom (xsd:String) cardinality (1)));

DatatypeProperty (NamehasdpPCDATA) domain (Name) range

(xsd:String) [Functional]);

Class (Address partial restriction (4ddresshasdpPCDATA)

allValuesFrom (xsd:String) cardinality (1)));

DatatypeProperty (AddresshasdpPCDATA) domain (Address) range

(xsd:String) [Functional]);

Class (Personal-Customer partial restriction (Personal-
CustomerhasopCardNo) allValuesFrom (CardNo)
minCardinality (1)));

ObjectProperty (Personal-CustomerhasopCardNo domain

(Personal-Customer) range (CardNo));

Class (CardNo partial restriction (CardNohasdpPCDATA)
allValuesFrom (xsd:String) cardinality (1)));

DatatypeProperty (CardNodpPCDATA) domain (CardNor) range

(xsd:String) [Functional]);

Class (Corporate-Customer complete intersectionOf (FUZZY -

CreditRating FUZZY -Discount p));

Class (Corporate-Customer partial restriction (Corporate-
CustomerhasopFUZZY -CreditRating) allValuesFrom
(FUZZY-CreditRating) maxCardinality (1)) restriction
(Corporate-Customerhasop FUZZY -Discount)
allValuesFrom (FUZZY -Discount) maxCardinality (1)));

ObjectProperty (Corporate-CustomerhasopFUZZY -CreditRating

domain (Corporate-Customer) range (FUZZY-CreditRating));

ObjectProperty (Corporate-CustomerhasopFUZZY -Discount

domain (Corporate-Customer) range (FUZZY-Discount));

Class (FUZZY-CreditRating partial restriction (FUZZY-
CreditRatinghasdpPCDATA) allValuesFrom (xsd:single)
cardinality (1)));

DatatypeProperty (FUZZY-CreditRatingdpPCDATA) domain

(FUZZY-CreditRating) range (xsd:single) [Functional]);

Class (FUZZY-Discount partial restriction (FUZZY-
DiscounthasdpPCDATA) allValuesFrom (xsd:String)
cardinality (1)));

DatatypeProperty (FUZZY-DiscounthasdpPCDATA) domain

(FUZZY-Discount) range (xsd:String) [Functional]);

'S'l'JbCIassOf(Corporate—customer, Customer);
SubClassOf(Personal-customer, Customer);

FIGURE 3. A fuzzy OWL ontology in the abstract syntax.

the approach. Finally, we provide a transformation example.
All of these will help to understand how to transform fuzzy
OWL 2 ontologies to fuzzy XML DTD.

Giving a fuzzy OWL 2 Ontology model FO =
(FOPg, FDPo, FCo, FDTo, FDRy, Flp, Flto, FOaxiom),
Definition 7 transforms the fuzzy OWL 2 ontology FO to
fuzzy XML DTD elements and attributes.

Definition 7 (Structure Transformation): Given a fuzzy
OWL 2 ontology FO = (FOPo,FDPg,FCo, FDTyp,
FDRo, Flo, Flto, FOaxiom)- The fuzzy XML DTD D= (P, r)
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TABLE 2. Transforming rules from a fuzzy OWL 2 ontology to fuzzy XML DTD structure.

Fuzzy OWL 2 ontology FO

Fuzzy XML DTD structure

Each fuzzy individual identifier F'1p

A fuzzy DTD identifier o(FIp) € D =(P,r)

Each fuzzy datatype property identifier "D Pp

An attribute p(FDPp) € A,

Each fuzzy class identifier F'Co

An element symbol identifier o(F'Cp) € E

Each datatype identifier F'DTo

F'DTp are analogous the set of XML Schema Datatypes

Each date range identifier FDRo

Types of attribute or element o(FDRp) € T

Each literal F'itp

Representation data value p(Fltp) € S

Annotation properties

Annotation information such as documentation

Fuzzy OWL 2 axiom set F'O A ziom

Fuzzy XML DTD contents

Class(EF'C' partial...restriction(F'DR;  allValuesFrom(£'DT;) Cardinali-
ty(1))...); DatatypeProperty (F'DR; domain (F'C) range (F'DT;) [Func-
tional]).

Creating an element type definition o(FC) — @(FDR), ¢(FC) € E,
¢(FDR) € T,where FDR € FDR1 U...UFDR,, FDT € FDT1 U
.UFDTy.

Class(F'C'  partial  restriction (FDPy allValuesFrom(F'D Ry1)
minCardinality(m1) maxCardinality(n1))...restriction FDPy
allValuesFrom(F' D Ry, minCardinality(my,) maxCardinality(ng));
DatatypeProperty (FDPy domain (FC) range(F DRy))...
DatatypeProperty (F'D Py, domain (FC) range(F'D Ry,)).

Creating an attribute type definition ¢(F'C") — @(F'DP), o(FC) € E,
e(FDP) € A, p(FDP;) € AN, o(FDR;) € AT, p(m;), p(ni) €
VT ,where FDP € FDP1U...UFDPy,FDR € FDR1U...UFDRy,
if VT =" #IMPLIED’ , then m; =0 or 1; if VT =" #REQUIRED’, then m,; =
1, if VT =" #Fixed value’ or ’value’, then F'D R; is the ’value’.

Class (FC partial restriction (F'OP; allValuesFrom (F'DR;) Cardinality
(1))); ObjectProperty (F'O P; domain (FC) range (F'D R;) [Functional]).

Creating an attribute type definition p(F'C) — p(FOPF;), o(FC) €E,
@(FDR;) €T, p(FOPF;) € a.

Class(FC partial restriction (F'O P; allValuesFrom (F'D P;) maxCardinality
(1))); ObjectProperty (F'O P; domain(FC) range (F' D P;)).

Creating an attribute type definition p(FC) — @(FOP;)”, o(FC) € E,
p(FDP;) € A, p(FOP;) € o, where ’? denotes 0 or 1 time.

Class (FC partial restriction (F'O P; allValuesFrom (F'D P;))); ObjectProp-
erty (F'O P; domain (FC) range (F'D P;)).

Creating an attribute type definition o(F'C) — p(FOP;)*, o(FC) €E,
@(FDP;) € A, o(FOP;) € a, where **’ denotes 0 or n times.

Class (FC partial restriction (F'O P; allValuesFrom (F' D P;) minCardinality
(1))); ObjectProperty (F'OP; domain (FC) range (F' D F;)).

Creating an attribute type definition o(FC) — ¢(FOP;)T, o(FC) €E,
p(FDP;) € A, p(FOP;) € o, where "+’ denotes 1 or n times.

Class (FC partial owl: Nothing).

Creating an attribute type definition p(F'C) — empty.

Class(FC complete unionOf (intersectionOf (F'DP; complementOf
(F D P»)) intersectionOf (complementOf (FFDP; F D P»); Class (FC par-
tial restriction (F'OP; allValuesFrom (F'D P)) restriction (F'O P> allVal-
uesFrom (F'D P5))); ObjectProperty (F'O P; domain (FC) range (F' D P));
ObjectProperty (F'O P> domain (FC) range (F'D Ps)).

An attribute type definition p(FC) — @(FOP:|p(FOPs), where
P(FC) €EE, o(FDPy1),o(FDP2) € A, o(FOP1) € a1, o(FOP;) €
a2, a1 Nag = J.

Class(FC complete intersectionOf (F' D Py, F'D P>));Class (FC partial re-
striction (FFOP; allValuesFrom (F' D P)) restriction (F'OPs allValues-
From (F'D P»))); ObjectProperty (FFOP; domain (FC) range (F'DP));
ObjectProperty (F'O P> domain (FC) range (F'D Ps)).

An attribute type definition @(FC) — @(FOPi,p(FOP2), where
p(FC) €E, o(FDP1),p(FDPy) € A, p(FOP) € a1, o(FOP;) €
ag, a1 Nag = J.

can be derived by transformation function ¢() as shown in
Table 2.

Applying the rules in Table 2, we can finally obtain the
fuzzy DTD correspond to the fuzzy OWL 2 ontology struc-
ture in Figure 3. The corresponding fuzzy XML DTD model
shown in Figure 4.

B. TRANSFORMATION FUZZY OWL 2 ONTOLOGY TO
FUZZY XML DOCUMENT AT INSTANCE LEVEL

In this section, we propose some rules in Table 3 to transform
a fuzzy OWL 2 ontology instance into fuzzy XML document
based on the constructed DTD in Section A. Given a fuzzy
OWL 2 ontology instance o, the corresponding fuzzy XML
document ¢(0) = (N, <, A, n,y) can be derived from the
following rules in Table 3.

C. THE CORRECTNESS OF THE

TRANSFORMATION APPROACH

The Sections A and B specify some mapping rules that can
transform fuzzy OWL 2 ontology structure and instance to
fuzzy XML DTD and document. In this section, we discuss
the correctness of the approach. Then we establish mapping
instance of fuzzy OWL 2 ontology and fuzzy XML document
and DTD.
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Theorem 1: For every fuzzy OWL 2 ontology FO and its
transformed fuzzy DTD ¢(FO), there is two mappings 8 from
fuzzy OWL 2 ontologies structure to models ¢(F0O), and ¢
from models ¢(FO) to fuzzy OWL 2 ontology structure, such
that:

e For each fuzzy OWL 2 ontology instance FI conforming
to FO, 5(FI) is a model of fuzzy ¢(FO).

e For each model d of p(FO), ¢(d) is a fuzzy OWL 2 ontol-
ogy instance.

Proof: Between start tags and end tags, a fuzzy XML
document contains several elements which are associated
with their attribute values. There is two alphabet T and E, they
are basic types and element types. A fuzzy XML document
instances dr g builts over T and E as follows: (i) If d is a
terminal in T, then d; € dr g; (ii) If d is sequence of the form
<E >dj,...,dy < /E >, where E € E is an element type
anddj,...,d; € dT,E, thend € dT,E-

Then the following first proves the first part of Theorem 1.
Let FI = (AF I oF! ) be a fuzzy interpretation of fuzzy
OWL 2 ontology FO, and o € AF " be an ontology instance,
then we can obtain an fuzzy DTD instance model §(0),
as follow:

(a) If 0 € T*T for some terminal T € T, then 8(0) = T’;

(b) If for some E € E, there are some integer n > 0,
and objects oy, 0;,0,, and o,, such as oy € StartE™,

i°
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TABLE 3. Transforming rules from a Fuzzy OWL 2 ontology instance to fuzzy xml document.

Fuzzy OWL 2 ontology instance

Fuzzy XML document

Each fuzzy individual instance axioms: Individual (o type(FC) [ m;]),
here: o is a fuzzy ontology instance, FC is a fuzzy class identifier, the part
[>1 m;] in the fuzzy individual axiom is omitted in case of m;=1.0.

Creating a node of fuzzy XML document tree p(0) € N, A(p(0)) € E. If
there is [ m;] in fuzzy OWL 2 ontology individual instance, we create a
tag <Val Poss = m; > ...</Val>.

Fuzzy individual instance axioms:

Individual(o; type (F'C;)) and Individual (o; type (F'C;) value(F'OPj;,
0;)), here 0;, o; are fuzzy ontology instance, F'C;, F'C; are a fuzzy class
identifier, F'O Pj; identifies that instance o; has object property instance o;.
Furthermore if there are following instance axioms:

Case 1: Individual (o; type (F'C;) value (FDP;, FDT;)), here FDP;
identifies the datatype property of instance o;, F'DT; identifies a set of
datatype.

Case 2: Individual (o; type (F'C;) value (FDP;, FDT;) [ m;]), here
F D P; identifies the datatype property of instance o;, F' DT} identifies a set
of datatype.

Case 3: Individual (oj, type (F'C) value (FO Py, 0;) [ m;]), here oh is
a fuzzy ontology instance, F'CY, is a fuzzy class identifier, F'O Py, ; identifies
that instance oy, has property instance o;.

Case 4: Individual (o; type (F'C;) value (F'O P;j, o) [ m;]), here og is
a fuzzy ontology instance, /'O P}, identifies that instance o; has property
instance oy.

Creating nodes of fuzzy XML document tree ¢(0;), ¢(0;) € N, element
symbol A(i2(07)), Mp(0,)), @(FCy), p(FC;) € E. p(0;) is the parent
node of ¢(0;), i.e. ¢(0;) < @(0;). According of the condition Case 1-4,
we create the following elements:

Case 1: A(¢(0;)) is a leaf node.

Case 2: If A(p(0;)) is a leaf node, and A(p(0;)) = Val; and A(p(0;)) =
Distj, then m; = n(p(0;), @QPoss;).

Case 3: If there are A((0;)) = Val; and A(p(0j)) # Distj, then
¢(op) is children node of ¢(0;), i.e. (o) < @(0j) < @(0;), m; =
n(p(0i), @Poss;).

Case 4: If there are A(¢(0;)) = Val; and A(p(0;)) = Dist; , then
@(og) is parent node of ¢(0;), ie. p(0j) < ¢(0;) < w(og),m; =
n(p(0:), @Poss;).

Here ¢(op),p(or) € N, ¢(FOPj;) € ¢(oj)hasopp(o;), same
O(FOPy;)) «p(FOP;y).

©(FDP;) € ¢(0;)hasdpPCDATA, p(F'DT;) € n(p(0:)), »(05)
d; € dom is content of the element A(¢(0;)).

as

Fuzzy individual instance axioms:
Individual (o; type(F'C;) value (FOP;;, F'DT;;)), here FO P;; identifies
that instance o; has FOP;, F DT;; identifies a set of datatype.

Creating nodes of fuzzy XML document tree ¢(0;), ¢(0;) € N, element
symbol p(FC;) € E, and ¢(o0;) is the parent node of ¢(0;), i.e. ¢(0;) <
©(0:), (FOP;;) € p(oi)hasopay, p(FDT;) € n(p(0i), (05)) =
d; €dom is a value of the property.

<IELEMENT Customer (Disf)>
<IATTLIST Customer CID ID #REQUIRED>
<IELEMENT Dist (Val+)>
<IATTLIST Dist type (disjunctive)>
<IELEMENT Val (Name?, Address?, Via+)>
<IELEMENT Name (#PCDATA)>
<IELEMENT Address (#PCDATA)>
<IATTLIST Val Poss CDATA “1.0">
<IELEMENT Val (Corporate-Customer*, Personal-
Customer*)>

<IATTLIST Val Poss CDATA “1.0">
<IELEMENT Corporate-Customer (Dist)>
<IATTLIST Corporate-Customer FID IDREF #REQUIRED>
<IELEMENT Dist (Val+)>
<IATTLIST Dist type (disjunctive)>
<IELEMENT Val (Discount?, CreditRating?)>
<IATTLIST Val Poss CDATA “1.0">
<IELEMENT Discount (Dist)>
<IELEMENT Dist (Val+)>
<IATTLIST Dist type (disjunctive)>
<IELEMENT Val (Discount_value)>
<IATTLIST Val Poss CDATA “1.0">
<I[ELEMENT Discount_value (#PCDATA)>
<IELEMENT CreditRating (Dist)>
<IELEMENT Dist (Val+)>
<IATTLIST Dist type (conjunctive)>
<IELEMENT Val (CreditRating_value)>
<IATTLIST Val Poss CDATA “1.0">
<I[ELEMENT CreditRating_value (#PCDATA)>
<IELEMENT Personal-Customer (Dist)>
<IATTLIST Personal-Customer FID IDREF #REQUIRED>
<IELEMENT Dist (Val+)>
<IATTLIST Dist type (disjunctive)>
<IELEMENT Val (CardNo*)>
<IELEMENT CardNo (#PCDATA)>

FIGURE 4. Fuzzy XML DTD model derived from fuzzy OWL 2 Ontology
in Figure 3.

O¢ € EndEFI5 (07 0S)3 (01» 0/1)7 cee (Ons 0;1) € fFl’
and (0,01),(01,02), ..., (0n—1,00), (0n, 00) € 1!, then
6(o) =< E > dy,....dr < JE >, where (i) two

VOLUME 6, 2018

atomic fuzzy class identifiers StartE and EndE are needed
to represent respectively the start tag and end tag of E;
(i1) os and o, denote the start and end tags of the root element,
o; denotes the i-th component of d, and 0; is the root of
di, i € {l,...,n}; (iii) in the model §(0), for the sake
of simplicity, f and r are used to denote the fuzzy property
identifiers constructed, where f represents the start tag of an
element and r represents the other components of the element
in the tree structure of the fuzzy XML document d.

And the second part of Theorem I can be proved similarly
for the first part above, it is a mutually inverse process.
Letd € dr g be a fuzzy XML document, then we can obtain
a model ¢(d) = (Ag(d), ol (d)) satisfying the fuzzy axioms
of FO, as follow:

(a) If d is a terminal T € T, then A*P = (p(T))@;

(b) If d is a sequence of form < E > dj,...,dy < JE >,
where d; is an instance satisfying to the fuzzy DTD model
E — (a,A), then a tree-model ¢(d) can be constructed as
follows:

c(d) ¢(di)

A ={0,0,01,...,0n,00} U A

StartE¢@) = {os} U U StartE¢ @)

1<i<n
EndE*® = {o,}U | | EndE‘®
1<i<n
Tag{(d) = {0, 0,} U U Tagé(di)
1<i<n
@D = {(0, 01), (01, 02), . . ., (On_1, 0n), (O, 0,)}
U U r§(di)
1<i<n
5D = {(0, 05). (01, 0)), ..., (o, 0})}

C

U f((di)

1<i<n
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Given a fuzzy OWL 2 ontology instance o

FAxiomy= {
Individual (o; Type (Customer) Value(CustomerhasopCID, 0, ));
Individual ~ (0;; Type (CID)  Value(CIDhasdpPCDATA,
“2015050908));
Individual (o; Type (Customer) Value(CustomerhasopName, 0,,));
Individual (0, Type (Name) Value(NamehasdpPCDATA, “Smith”));
Individual (o, Type (Customer) Value(CustomerhasopAddress,
023));
Individual (0,3 Type (Address)
Value(AddresshasdpPCDATA, “Industries 204 Main St. Chicago”));
Individual (o, Type (Customer) Value(CustomerhasopValy, 0,4));
Individual (0., Type (Vals,)
Value(ValyshasopPersonal-Customer, 03;)
Value(Val,shasopCorporate-Customer, 03;)
Value(Val,shasopPoss, “0.857));
Individual (03; Type (Personal-Customer)
Value(Personal-CustomerhasopCardNo, 04;));
Individual (o4 Type (CardNo)
Value(CardNohasdpPCDATA, “1111 2222 3333 4444”));
Individual (03, Type (Corporate-Customer)
Value(Corporate-Customerhasop CreditRating, 0,;)
Value(Corporate-CustomerhasopDiscount, 0,3));
Individual (o4, Type (CreditRating)
Value(CreditRatinghasopDists;, 05)));
Individual (os5; Type (Dists;)
Value(Dists;hasopVals;, 041)
Value(Dists;hasopType, “conjunctive”));
Individual (o5, Type (Valg)
Value(ValshasopPoss, “0.6”)
Value(ValshasopCreditRating value, 07;) [ 0.6]);
Individual (0;; Type (CreditRating_value)
Value(CreditRating valuehasdpPCDATA, “C”) [x 0.6]);
Individual (o4, Type (Valg,)
Value(ValshasopPoss, “0.85”)
Value(ValshasopCreditRating value, 07,) [ 0.85]);
Individual (07, Type (CreditRating_value)
Value(CreditRating valuehasdpPCDATA, “D”’) [» 0.85]);
Individual (o3 Type (Discount)
Value(DiscounthasopDists,, 05,));
Individual (o5, Type (Dists,)
Value(Dists;hasopValgs, 043)
Value(Dists;hasop Type, “disjunctive”));
Individual (o045 Type (Valgs)
Value(Vals;hasopPoss, “0.95”)
Value(ValsshasopDiscount_value, 073) [™ 0.95]);
Individual (03 Type (Discount_value)
Value(Discount_valuehasdpPCDATA, “80% ") [> 0.95]);
Individual (044 Type (Valgs)
Value(ValgshasopPoss, “0.8”)
Value(ValsghasopDiscount value, 0;,4) [ 0.8]);
Individual (07, Type (Discount_value)
Value(Discount valuehasdpPCDATA, “90% ") [ 0.85]);
.t

FIGURE 5. A fuzzy OWL 2 ontology instance o.

So far, we propose the approach that can map a fuzzy
OWL 2 ontology to a fuzzy XML model. As shown in
Section A, constructing a fuzzy XML model from a fuzzy
ontology has two steps: transforming the structure of fuzzy
ontology into a fuzzy DTD and transforming the fuzzy ontol-
ogy instance into the fuzzy XML document conforming the
fuzzy DTD. For the first step, Table 2 provides several rules
of transforming all the fuzzy OWL 2 ontology identifiers and
axioms into symbols of a fuzzy DTD. For the second step,
Table 3 provides some rules of transforming of instance level
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1. <Customer>

2. <CID>2015050908</CID>

3. <Name>Smith</Neme>

4. <Address>BCBA Industries 204 Main St. Chicago</Address >
5. <Val Poss = 0.85>

6 < Corporate-Customer >

7

8

<Discount>
<Dist type = “disjunctive”>

9. <Val Poss = 0.95>
10. < Discount_value>80%</ Discount_value>
11. </Val>
12. <Val Poss = 0.80>
13. < Discount_value>90%< Discount_value>
14. </Val>
15. </Dist>
16. </Discount >
17. <CreditRating>
18. <Dist type = “conjunctive”>
19. <Val Poss = 0.60>
20. < CreditRating_value>"C” </ CreditRating_value>
21. </Val>
22. <Val Poss = 0.85>
23. < CreditRating_value>"B”</ CreditRating_value>
24. </Val>

25. </Dist>

26.  </CreditRating >

27.  </Corporate-Customer >

28.  <Personal-Customer >

29. <CardNo >1111 2222 3333 4444</CardNo >
30. </Personal -Customer >

31. </Val>

32. </ Customer >

FIGURE 6. The fuzzy XML document derived from the fuzzy OWL 2
ontology instance in Figure 5.

from the fuzzy ontology into the fuzzy XML model based on
the structure in the first step.

D. A TRANSFORMING EXAMPLE FROM FUZZY OWL 2
ONTOLOGY TO FUZZY XML DOCUMENT

In order to explain the transforming approach well, we pro-
vide a fuzzy OWL 2 ontology instance in Figure 5, and the
fuzzy XML document derived from the instance is shown in
Figure 6.

IV. CONCLUSIONS

XML has been the standard for data representation and
exchange based on the Web. Meanwhile, information is
imprecise and uncertain in the real world. Then, fuzzy XML
model has been proposed. In this paper, we mainly investi-
gate fuzzy OWL 2 ontology and fuzzy XML model. Their
formal definitions are proposed. Furthermore, we propose an
approach of transforming fuzzy OWL 2 ontology into fuzzy
XML model at structure and instance levels, respectively.
The correctness of the approach is proved, and a transfor-
mation example is provided to well explain the proposed
approach. In the future, we will evaluate the reusing fuzzy
OWL 2 ontologies approach with more complex examples
based on fuzzy XML model.
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