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Abstract—Data interchange on the Web is a common task
today and XML has been the de-facto standard of information
representation and exchange over the Web. Also information
imperfection is inherent in the real-world applications. Fuzzy
information has been extensively investigated in the context of
database models. Also fuzzy XML modeling recently receives
more attention. In order to present fuzzy data from the fuzzy
databases with XML, this paper concentrates on fuzzy
information modeling in the fuzzy XML model and the fuzzy
nested relational database model. The formal approach to
mapping a fuzzy nested relational database (FNRDB) schema
into a fuzzy DTD model is developed in the paper.
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L.

Nowadays data interchange between different data models
is a common task. It is especially true in Web-based
applications. XML has been the de-facto standard for data
representation and exchange on the Web mainly as it is a self-
descriptive format, supports a flexible representation of data,
and it is an open and free pattern [26]. To manage XML data, it
is necessary to integrate XML and databases [2]. The mapping
form databases into XML can benefit database interoperability
over the Web in a standard form. For this purpose, various
databases, including relational (e.g., [5, 14, 15]), object-
oriented (e.g., [22, 23, 26]) and object-relational (e.g., [5])
databases, have been used for mapping to XML document.

INTRODUCTION

At the same time, some data are inherently imprecise and
uncertain since their values are subjective in the real world
applications. Fuzzy information has been extensively
investigated in the context of relational model [4, 27, 28, 30].
Also in order to model uncertain data and complex-valued
attributes as well as complex relationships among objects,
current efforts have concentrated on the conceptual data
models [21, 34], the fuzzy nested relational data model (also
known as an NF” data model) [35] and the fuzzy object-
oriented databases [3, 11, 12, 20]. More recently, the fuzzy
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object-relational databases are proposed [8] which combine
both characters of fuzzy relational databases and fuzzy object-
oriented databases. Ones can refer to [18, 19] for recent
surveys of these fuzzy data models.

Despite fuzzy values have been employed to model and
handle imprecise information in databases since Zadeh
introduced the theory of fuzzy sets [36], relative little work has
been carried out in extending XML towards the representation
of imprecise and uncertain concepts. Abiteboul et al. [1]
provide a model for XML documents and DTDs (Document
Type Definitions) and a representation system for XML with
incomplete information. The representations of probabilistic
data in XML are proposed in other previous research papers,
such as [13, 24, 29, 31]. Without presenting XML
representation model, the data fuzziness in XML document is
discussed directly according to the fuzzy relational databases in
[10] and the simple mappings from the fuzzy relational
databases to fuzzy XML document are provided also. In [25] a
XML Schema definition for representing fuzzy information is
proposed. They adopt the data type classification for the XML
data context. A fuzzy XML data model which is based XML
DTD is proposed in [17], in which the mapping of the fuzzy
XML DTD from the fuzzy UML data model and to the fuzzy
relational database schema are discussed, respectively. In [33],
a fuzzy XML data model based on XML Schema is developed.
The algebraic operations in fuzzy XML are discussed in [16].

Being the extension of relational data model, the NF?
database model is able to handle complex-valued attributes and
may be better suited to some complex applications such as
office automation systems, information retrieval systems and
expert database systems [35]. In [7], the fuzzy NF? database
model is proposed for managing uncertainties in images. More
recently, the formal mapping of fuzzy XML into fuzzy nested
relational databases is investigated in [32]. This paper
concentrates on fuzzy information modeling in the fuzzy XML
model and the fuzzy nested relational database model. In
particular, the formal approach to mapping a fuzzy nested
relational database (FNRDB) schema to a fuzzy XML DTD
model is developed.

The remainder of this paper is organized as follows. Section
2 presents fuzzy sets and possibility distributions. The fuzzy



XML data model and fuzzy nested relational databases are
introduced in Section 3. In Section 4, the approaches to
mapping the fuzzy nested relational schema to the fuzzy XML
model are developed. Section 5 concludes this paper.

II.

The concept of fuzzy sets was originally introduced by
Zadeh [36]. Let U be a universe of discourse and F be a fuzzy
set in U. A membership function

Fuzzy SETS AND POSSIBILITY DISTRIBUTIONS

we U— [0, 1] (D

is defined for F, where Wy (1), for each u € U, denotes the
membership degree of u in the fuzzy set F. Thus, the fuzzy set
F is described as follows:

F= {( up, Wp (ul))7 (u27 Ur (l/lz)), LS} (um Wr (un))} (2)

The fuzzy set F' is consisted of some elements just like the
conventional set. But, not being the same as the conventional
set, each element in /' may or may not belong to F, having a
membership degree to F which needs to be explicitly indicated.
So in F, an element (say u;) is associated with its membership
degree (say Wr (1;)), and they occur together in form of (u;, Wr
(u;)). When the membership degrees that all elements in F
belong to F are exactly 1, the fuzzy set F reduces to a
conventional one.

When the membership degree Wy (1) above is explained to
be a measure of the possibility that a variable X has the value u,
where X takes values in U, a fuzzy value is described by a
possibility distribution 7ty [37].

)

Ty = {(ula Ty (ul))9 (142, Ty (MZ))’ e (Mn, Ty (un))}

Here, my (4;), u; € U denotes the possibility that u; is true. Let
Ty be the possibility distribution representation for the fuzzy
value of a variable X. It means that the value of X is fuzzy, and
X may take one from some possible values u, u,, ..., and u, and
each one (say wu;) taken possibly is associated with its
possibility degree (say mty (u;)).

III. REPRESENTATION OF FUzZY DATA IN XML AND

NESTED RELATIONAL DATABASES

A. Fuzzy XML Model

Fuzzy values can be represented with fuzzy sets. Two kinds
of fuzziness can be identified in XML documents. The first is
the fuzziness in elements (we use membership degrees
associated with such elements) and the second is the fuzziness
in attribute values of elements (we use fuzzy set to represent
such values). Note that, for the latter, there exist two
interpretations on it (i.e., disjunctive semantics and conjunctive
semantics) and they may occur in child elements with or
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without further child elements in the ancestor-descendant
chain. The basic data structure of fuzzy XML data model is a
data tree [16].

Definition: Let V be a finite set (of vertices), E€ V XV be
a set (of edges) and {*E>Tbea mapping from edges to a
set I of strings called labels. The triple G = (V, E, 4 ) is an edge
labeled directed graph.

Based on the data tree, we introduce the formal definition
of fuzzy XML data tree.

Definition: Fuzzy XML data tree F is a 6-tuple, F = (V, v,
T, K, 8) where

- V={I,...,V,} is a finite set of vertices.
-~y {(V, V) |V, Vie Vi, (V, w) is a directed tree.

0.V — (L {null}), here L is a set of labels. For each

object v € ¥ and each label Ve L,/ (v, V) specifies the set of
objects that may be children of v with label V.

--t—T, T is a set of types.

--k 1s a mapping which constrains the number of children
with a given label. Also K associates with each object v eV and
each label Ve L, an integer-valued interval function. x(v, V) =
[min, max], where min = 0, max > min. We use x to represent
the lower and upper bounds.

--0 is a mapping from the set of objects v €V to local
possibility functions. It defines the possibility of a set of
children of an object existing given that the parent object exists.

Definition: Suppose F = (V, , oz K dand f =V, v,

4 , T, k', &) are two fuzzy data trees. f” is a sub-tree of F,
written "< F, when

VeV, w=ynV' xV.
—-ifie V' and (j, i) € y; then je V.

" and 7’ indicate the restriction of  and 7 to the nodes in
respectively.

5
b

V
--KEK

Definition: Let fuzzy data trees f; = (V, ¥, 0onK, &)

and fi = (V2, v, 2 o, &) be the sub-trees of F = (V, v, t
7, k; 0). f1 and /> are isomorphic (recorded f; = f>), when

~rhuhca,nupycyad UL C T

--There is a one-to-one mapping, o . 01 5 02 \which
makes V&‘ (fy=102,

Theorem: Fuzzy data tree F and its sub-tree f° are
isomorphic.

The above theorem follows the analysis of last two
definitions. It is quite straightforward.

The fuzziness in XML document was discussed in [17], in
which several fuzzy constructs are introduced for fuzzy XML



data modeling. First, a possibility attribute, denoted Poss,
which takes a value of [0, 1], is applied. This possibility
attribute is applied together with a fuzzy construct called Val to
specify the truth degree of a given element belonging to (or
being included) in the XML document. Based on pair <Val
Poss> and </Val>, possibility distribution for an element can
be expressed. Also, possibility distribution can be used to
express fuzzy element values. For this purpose, second, a fuzzy
construct called Dist is applied to specify a possibility
distribution. Typically, a Dist element has multiple Val
elements as children, each with an associated possibility. Since
we have two types of possibility distribution, the Dist construct
should indicate the type of a possibility distribution being
disjunctive or conjunctive.

Concerning how to accommodate these fuzzy constructs
and correspondingly modify the DTD of XML document, ones
can refer to [17].

B. Fuzzy Nested Relational Model

A fuzzy NF? relational schema is a set of attributes (A4,
Ay, ..., A, pM) and their domains are D;, D,, ..., D,, Dy,
respectively, where D; (1 <1 < n) can be one of the following:

(1) The set of atomic values. For each element a; € D;, it is
a typical simple crisp attribute value.

(2) The set of null values, denoted ndom, where null values
may be unk, inap, nin, and onul.

(3) The set of fuzzy subset. The corresponding attribute
value is an extended possibility-based fuzzy data.

(4) The power set of the set in (1). The corresponding
attribute value, say a;, is multivalued one with the form of {a;,
i, .. i) -

(5) The set of relation values. The corresponding attribute
value, say ai, is a tuple of the form <ay}, ap, ..., aj,;> which is an
element of D;; X D X ... X Dy, (m > 1 and 1 <1 < n), where
each D; (1 £j < m) may be a domain in (1), (2), (3), and (4)
and even the set of relation values.

The domain Dy is a set of atomic values and each value is a
crisp one from the range [0, 1], representing the possibility
degree that the corresponding tuple is true in the NF2 relation.
We assume that the possibilities of all tuples are precisely one
in the chapter. Then for an attribute Ai € R (1 <1 < n), its
attribute domain is formally represented as follows:

T, = dom | ndom | fdom | sdom | <Bj : T, By : T, ..., B Tim™

“

Here By, B,, ..., B,, are attributes.

A relational instance r over the fuzzy NF? schema (A : 1y,
A; 1 1Ty, ..., Ap i Ty) 1S @ subset of Cartesian product T; X T, X ... X
To. A tuple in 7 with the form of <a;, ay, ..., a,> consists of n
components. Each component a; (1 <1 < n) may be an atomic
value, null value, set value, fuzzy value, or another tuple.

An example of the fuzzy NF” relation is shown in Table 1.
It can be seen that Tank Id and Start data are crisp atomic-
valued attributes, Tank body is a relation-valued attribute, and
Responsibility is a set-valued attribute. In the attribute
Tank_body, two component attributes Volume and Capacity are
fuzzy ones.

TABLE 1
PRESSURED AIR TANK RELATION
Tank Id Tank_body Start_Date Responsibility
Body_Id Material Volume Capacity
TAl BOO01 Alloy about about 1. 01/12/99 John
2.5e+03 1.0e+06
TA2 BO02 Steel 2. about about 28/03/00 {Tom, Mary}
1.0e+07
2.5e+04

IV. MAPPING FUZZY NESTED RELATIONAL SCHEMA TO
Fuzzy XML DTD

To map the fuzzy nested relational databases into the fuzzy
XML, first we can map the nested relational database schema
into the XML DTD without considering fuzzy information, and
then we rebuild the created DTD after considering fuzzy
information in the fuzzy nested relational databases. For the
former, we have the following rules for the mapping.

Rule I: for a nested relational schema, we create a root
node element in XML model. Its DTD is described as

<IELEMENT root (element*)>

Rule 2: for a nested relation, we correspondingly create a
non-leaf element node in the XML DTD.
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Rule 3: a key in the nested relation can be directly
described with the attribute declaration of DTD as follows.

<IATTLIST Ename Aname ID ...>

Rule 4: for a foreign key in the nested relation, if it is a
reference use for single ID, it is described with the attribute
declaration of DTD as follows.

<IATTLIST Ename Aname IDREF ...>

If a foreign key of the nested relation is a reference use for
several ID, it is described with the attribute declaration of DTD
as follows.

<IATTLIST Ename Aname IDREFS ...>



Rule 5: a common attribute, which is neither a key nor a
foreign key, is described with the attribute declaration of DTD
as follows.

<IELEMENT Ename (original-definition)>

Rule 6: the constraint that attribute values are not empty in
the nested relation can be described with the attribute
declaration of DTD as follows.

<IALLIST Ename Aname original-definition #REQUIRED>

Rule 7: for the nested relation which key does not contain
foreign key or contains several foreign keys, we create a
corresponding sub-element directly under the root element. Its
DTD is represented as

<IELEMENT root (element*)>

Rule §8: for the nested relation »; which key contains only
one foreign key, let its parent nested relation be r,. At this point,
ry 1s directly mapped into a sub-element of the element mapped
from r, as follows.

<IELEMENT element, (element*)>

Here element, and element; are the elements mapped from
r, and ry, respectively.

Rule 9: if two nested relations r; and r, only have one-to-
one relationships and also the foreign key from 7, to r, is not
empty, rq is directly mapped into a sub-element of the element
mapped from r, as follows.

<IELEMENT element, (element*)>

Here element, and element; are the elements mapped from
r, and ry, respectively.

Rule 10: if there are several many-to-one relationships from
ro to 1y, ..., 1y, Iy 1S respectively mapped into a sub-element of
the elements mapped from 7y, ..., ri as follows.

<IELEMENT element, (elementy*)>

<IELEMENT elementy (elementy*)>

Here elementg, element;, ..., element, are the elements
mapped from ry, 7y, ..., 7,, respectively.

Rule 11: if there are one-to-many relationships from nested
relation 7| to nested relation »,, 7; and r, are all mapped into
sub-elements of the root element as follows.

<IELEMENT root (elements*, element,*)>

Here element, and element; are the elements mapped from
ry and ry, respectively. Then attribute declarations ID and
IDREF are applied in the declarations of element; and
element,, respectively.

Rule 12: if there are many-to-many relationships in nested
relation 7, | is mapped into a sub-element of the root element
as follows.

<IELEMENT root (element;)>

Here element; is the element mapped from r;. Then
attribute declaration ID is applied in the declaration of element;.
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Rule 13: the limitation of default attribute values in the
nested relation is represented with attribute declaration in DTD
as follows.

<IALLIST element Aname original-definition “default’>

Rule 14: for each attribute A; (1 < i < k-1) in the nested
attribute (A, ..., Ax1), A; can be defined empty and then it is
mapped into an element, which content is represented as A;* or
A

<IELEMENT Ename (Aname1*, Aname2+,...)>

For each attribute A; (k <j < n), A;j can be defined empty
and then it is mapped into an element, which content is
represented as A;? or A ;.

<IELEMENT Ename (..., Aname1?, Aname2)>

Now we consider possible effects of fuzziness in the nested
relations to the DTD created above. At this point, we need to
rebuild the created DTD. We have the following rules.

Rule 15: for the nested relation » with fuzzy attribute values,
if it is mapped into a leaf node element, then it is further rebuilt
as follows.

® We create a Dist sub-element node in the element
mapped from 7, and get
<IELEMENT element (Dist)>

® We further create a Val sub-element node within the Dist
sub-element, which number of occurrence is defined as +,
and finally get
<IELEMENT Dist (Val+)>

® Within the Val sub-element, we deal with the attributes
in ». Here we apply the processing procedure which is
similar to the processing procedure used for the mapping
without fuzziness, but the default value of Val is declared
as 1.0. We finally get
<IELEMENT Val (original-definition)>

<IATTLIST Val Poss CDATA “1.0">

Rule 16: for the nested relation » with fuzzy attribute values,
if it is mapped into a non-leaf node element, then it is further
rebuilt as follows.

® We create a Dist sub-element node in the element
mapped from r, and get
<IELEMENT element (Dist)>
® We further create a Val sub-element node within the Dist
sub-element, which number of occurrence is defined as +,
and finally get
<IELEMENT Dist (Val+)>
® Within the Val sub-element, we deal with the attributes
in ». Here we apply the processing procedure which is
similar to the processing procedure used for the mapping
without fuzziness, but the default value of Val is declared
as 1.0. We finally get
<IELEMENT Val (element+*, elementi+, element?,
elementy,...)>
<IATTLIST Val Poss CDATA “1.0">
Applying the rules defined above, we can finally obtain the
fuzzy DTD mapped from the fuzzy nested relational databases.
The fuzzy nested relational databases shown in Table 1 can be



mapped into the fuzzy XML DTD model shown in Fig. 1 and
the fuzzy XML document shown in Fig. 2.

<IELEMENT Pressured air tank relation (Dist)>
<IATTLIST Tank Id FID IDREF #REQUIRED>
<IELEMENT Dist (Val+)>
<IATTLIST Dist type (disjunctive)>
<IELEMENT Val (Tank body?, Start Date?, Responsibility?)>
<IATTLIST Val Poss CDATA “1.0">
<IELEMENT Start Date (#PCDATA)>
<IELEMENT Responsibility (Dist)>
<IELEMENT Dist (Val+)>
<IATTLIST Dist type (conjunctive)>
<IELEMENT Val (#PCDATA)>
<IATTLIST Val Poss CDATA “1.0">
<IELEMENT Tank body (Dist)>
<IATTLIST Body Id FID IDREF #REQUIRED>
<IELEMENT Dist (Val+)>
<IATTLIST Dist type (disjunctive)>
<IELEMENT Val (Material?, Volume?, Capacity?,)>
<IATTLIST Val Poss CDATA “1.0">
<IELEMENT Material (#PCDATA)>
<IELEMENT Volume (Dist)>
<IELEMENT Dist (Val+)>
<IATTLIST Dist type (disjunctive)>
<IELEMENT Val (#PCDATA)>
<IATTLIST Val Poss CDATA “1.0">
<IELEMENT Capacity (Dist)>
<IELEMENT Dist (Val+)>
<IATTLIST Dist type (disjunctive)>
<IELEMENT Val (#PCDATA)>
<IATTLIST Val Poss CDATA “1.0">

Fig. 1. Fuzzy XML DTD model mapped from fuzzy nested relational databases
in Table 1

<Pressured air tank relation Tank Id =“TA1”>
<Tank body Body Id =“BO01”>
<Material>Alloy</Material>
<Volume>
<Dist type = “disjunctive’>
about 2.5¢+03
</Dist>
</Volume>
<Capacity>
<Dist type = “disjunctive’>
about 1.0e+06
</Dist>
</Capacity>
</Tank_body>
<Start Date>01/12/99</Start Date>
<Responsibility>John</Responsibility>
</Pressured air tank relation>
< Pressured air tank relation Tank Id = “TA2”>
<Tank body Body Id =“B002”>
<Material>Steel</Material>
<Volume>
<Dist type = “disjunctive’>
about 2.5e+04
</Dist>
</Volume>
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<Capacity>
<Dist type = “disjunctive’>
about 1.0e+07
</Dist>
</Capacity>
</Tank_body>
<Start Date>28/03/00</Start Date>
<Responsibility>
<Dist type = “conjunctive’>
<Val Poss =1.0>Tom</Val>
<Val Poss =1.0>Mary</Val>
</Dist>
</Responsibility>
</Pressured air tank relation>

Fig. 2. Fuzzy XML document mapped from fuzzy nested relational databases in
Table 1

V. CONCLUSION

With the prompt development of the Internet, the
requirement of managing information based on the Web has
attracted much attention both from academia and industry.
XML is widely regarded as the next step in the evolution of the
World Wide Web, and has been the de-facto standard. This
creates a new set of data management requirements involving
XML, such as the need to publish and query XML documents.
On the other hand, fuzzy sets have been extensively applied to
deal with information imprecision and uncertainty in the
practical applications, and fuzzy database modeling is
receiving increasing attention for intelligent data processing.

This paper focuses on fuzzy information modeling in the
fuzzy nested relational database model and the fuzzy XML
model. In order to represent fuzzy complex objects of the fuzzy
nested relational databases with XML, we investigate the fuzzy
DTD tree construction based on the hierarchical XML DTD
and the fuzzy nested relational database (FNRDB) schema.
Finally we develop the formal approach to mapping a fuzzy
nested relational database (FNRDB) schema to a fuzzy DTD
model.
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