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Abstract In this paper, XForms are used as the standard for Web
forms. XForms are chosen as the standard mainly due to
Forms are the most common way to interface users and Web-based afhe fact that they use XML schema as part of the compo-
plications. Traditional forms cannot provide the functionality needed tonent in the model element. The schema plays a critical
fulfil the requirements of complex applications. As such, there is a needole as the schema provides information about the domain
for a more advanced format of forms to support Web-based applicationof the form, which is then used to represent the semantics
We argued that XForms easily fit into this criterion of forms. In addi- Of the form. Moreover it is believed that XForms are going
tion, we observed that there is a need for a tool to reason about the forni® inherit the role of generating web forms from HTML in
with respect to user needs and application requirements. We propose tfie near future, due to their promising advantages.
use Description Logic1LCOQI to reason about forms generated by Although XForms could resolve much of the weakness
XForms. in the current markup languages, there are still limitations
in the forms used by current Web applications. There has
been no improvement made on the forms in terms of user
needs and requirements of Web applications. Different
users have different needs and, at the same time, differ-
3 . . Ent Web applications may require different domains of the
and complexity ever since the sudden explosion of Exig|q of that application. Hence forms should have the
commerce in the 1990s. It has been observed that most @lyijity to intelligently suit both computer users and the
these applications are database-driven and exploit a Conasquirements of the application systems. But, one may
mon interface called forms for computer users to interactyonder, why is there still a need to verify the validity and
with applications. As such, these are the two importanfogica| design of forms, especially when the application’s
roles that determine the successful deployment of Webg

(ST esigners have already performed software requirement
based applications, nametiatabasesndforms The us-  gpecification (SRS) on the needs of their applications? Ac-

&ording to our knowledge, system developers tend to focus

i \e SUUCIUKRore on the application’s needs than users, which in some
of the data stored in a database and often applications resgiances may not realize actual user's needs aspect and

quire schemas from various data sources to perform theljice yisa. Whereas our approach takes into consideration

1 Introduction

Web-based applications have been increasing in siz

various sources must be integrated as each schema has
own independent rules of describing the structure of thgjsn of current Web forms.

data. However, itis possible for the schemas of the vari- ~ e problems of user needs and system requirements
ous data sources to be conceived of as ontologies; in thisyy he categorized into form validity and logical design
way both conceptual and logical aspect of these schemas; forms. For example, one of the most problems of form
be represented in a formal language such as Descriptiofyjigity is that some of the fields in the form may be either
Logic [2]. Itis thus feasible for the language to integratei g|evant or inappropriate for users, making the form not
data from the ontologies and check the consistency of thgjjaple. In some other instances, the correct input of a user

integrated data. : : -
Forms on the other hand are connected to databasé% some of the fields may perhaps produce wrong data in

for either gathering data from users, or accessing the dat'%e subsequent fields, therefore making the form invalid

f datab both h b i r the user. Forms that are not well formed or do not
rom a database, or both. Over the years, Web applicasonform to the specifications of their markup languages

tions have however sparked better forms for users withy, 5y produce erroneous form interactions to the user. As
richer interactions. Traditional forms, generated by US-gych, the syntax and semantics of a form play a very cru-
ing Hypertext Markup Language (HTML), may be quité 5| role in determining the validity of the form. The logic

a tedious chore to perform the above mentioned tasks dugssign of some forms may require users to go through a
to their limitations such as heavy dependence on scriptingertain number of forms to carry out their intended goals.
languages, design of page flow in forms and etc [13, 1, 14}\ery often there are many unnecessary steps. These steps
XForms[10] on the other hand offer a powerful and ver- cqjiq however be reduced by embedding one form onto

satile tool to interface the Web and databases. Althouglyqther, without causing interruptions to the workflow of
XForms are still in their embryonic state, there has beefe forms.

much excitement about them on the Web and many com- "\, order to improve logical design and the validity
panies have started to develop forms based on XFormsof the form, factors such as reasoning mechanisms for
Copyright (©2004, Australian Computer Society, Inc. This paper embeddlng of form.s’ and syntactl_c and semantic aspe(_:ts
appeared at Fifteenth Australasian Database Conference (ADCZOO4E,eed to b.e taken 'ntq consideration. Cu.rremly there is
Dunedin, New Zealand. Conferences in Research and Practice in Infol10 '€asoning mechanism for forms, especially for the new
mation Technology, Vol. 27. Klaus-Dieter Schewe and Hugh Williams, émerging XForms. Therefore the main aim of this paper

Ed. Reproduction for academic, not-for profit purposes permitted prods to provide a formal reasoning mechanism for XForms.
vided this text is included.

tem (ttp://trustform.comsquare.co.kr) and the W3C XForms web page

1See for example Formfacesttp: //www . formfaces . com), TrustForm Sys- www.w3c . org/MarkUpX/Forms/ for more examples.
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This objective is achieved by representing XForms docu<model> element in th&head> tag described a form def-
ments in Description Logic. According to our knowledge, inition, which controls a set of “rules” of how each form
there is no research in applying Description Logic to rea-should conform to. In addition, thisnodel> element is
son about the semantics of XForms; moreover the currerdlso been used as a container for elements defined in the
approaches to XForms validity focus only on the syntacticentire XForms model. Themodel> element consists of
aspects, that is whether an XForms document conforms tsubmission information, schema, instance, data bindings
the syntax of XForms. As such, there is a need to explorand event handlers.
the context of semantic validity. In addition, the proposed The <schema> element enables developers to define
reasoning mechanism could be implemented into an existeonstraints for the returned data and is possible to link
ing DL system such as FaCT system [12] to reason withto an external documents rather than defining the data’s
and about XForms documents. Extensible Stylesheet Larconstraints in the form itself. In addition to that, the
guage Transformations (XSLT) would be use to form a<schema> element contains all the elements used in the
communication bridge between XForms documents andorm. The <instance> element references initial in-
DL systems. stance data and all XForms controls refer back to this
The semantics of an XForms document would be transelement to store information provided by the user. The
lated by XSLT into a data format that is interpretable by <instance> element can also be used to pre-populate a
the DL system. This data would then be used by the DLform. The data bindings, event handlers and submission
system and using the proposed reasoning framework tmformation form the logic components of the form, which
reason about form validity and form embedding. The DLare then used to define the behaviour of the form. Data
system would update the data format on addition or delebinding enables the specification of the types of the data
tion of data. After the data have been reasoned/update@ntries, which can be related to other elements of the form,
the new data format is translated by XSLT back into theand includes some other features such as calculation and
original format interpretable by the XForms document,determining the relevance of the corresponding element’s
and a new Web form would be generated based on the reéield via XPath. Events handlers are part of form controls
soned XForms document. Thus the use of an expressiveefining how a form should behave when certain actions
formal language enables us reason with and about XFormare triggered. Finally a form would be incomplete with-
and the proposed implementation implies that user needsut the definition of some way of communicating with the
can be effectively captured and analysed, hence leadingack-end server. The function of tk@ubmission> el-
to interaction improvements between the forms and theiement is to pass, when activated, the data structure and
users. the data to the location specified for the processing. The
The paper is organized as follows. In Section 2,<body> contains the actual form controls used to collect
XForms are introduced and the basic reasoning task omputs from users, populating forms, and specifying the
forms are defined. In Section 3, the Description Logicpresentation of the form. Form controls are expressed
ALCc0oQI is presented. In Section 4, the mapping pro-through both atomic and compound controls. The former
cess of XForms document to Description Logic is devel-are used to populate a form, while the latter are used to
oped. In Section 5, we outline how to reason on form.organise and group atomic objects.
Finally, conclusions are drawn in Section 6.

2.2 Reasoning on Forms

2 XForms The basic types of reasoning we can perform on forms are

semantic and syntactic validity, and form embedding. Se-

XForms, an extension module for XHTML, are the lat- i validity 1% th i fwhether the f
est effort by the World Wide Web Consortium (W3C) to mantic validity is the verification of whether the form can
be filled, integrated or if the form is consistent, while syn-

replace HTML forms with a more advanced format that_ - . ) 1G]

could resolve many of the drawbacks and limitations oftactic validity is the verification of whether the form con-
current markup languages. They are designed to be fledorms to its specifications. Form fillability is concerned
ible and to work with other standard XML Ianguages.With the relevance of the field’s data with respect to its

XForms are to be integrated with other markup |anguage§chemehconstralpt. Folr m integration, which Vehry ofrt]enfre-
and not adopted as a free-standing document type. It iguirés the use of ontology servers, ensures that the form
theoretically possible to attach XForms's functions to gl-contains the essential and relevant fields needed for user

' i _input. Consistency of the form is to identify whether the
most everything [14]. This is important as Web develop eld’s data of the form correctly interpret its correspond-

ers then do not have to learn a new language, but the&wg fields’ data. Form embedding determines whether one

can simply use XForms for integration with the exist-f . -
: orm could be embedded in another form. Addition or
ing markup language such as XHTML, Scalable Vectordeletion of fields in the forms will be based on these fac-

Graphics (SVG), XSL and VoiceXML. The main advan- tors

tages of XForms [1] over HTML are as follows: It is important to highlight at this point that the paper
1. Powerful actions, event model and validation will be focusing only on the semantic validity and embed-
rules: XForms provide a wide range of client-side ding of forms. Syntactic validity is not taken into consid-
processing and reduce the number of round-trips teeration as form conforming to its specification could be

the server without the need for scripting languages. easily verified by using commercial tools available in the

2. Clean separation of data, logic and presentation "eret
This implies ease in generating data-bound controls.

3. Highly regular XML structure : The regular XML 3 Description Logic ALLOQT

structure makes it possible to build WYSIWYG user |, s section we introduce the description logic that will
interface (UI) development environments. be used in Section 4 to represent XForpms docguments. The
4. Abstract controls: This type of controls enable ab- basic building blocks of Description Logics are concepts
stract application design that gets translated to devic&nd roles [3]. Concepts are denoted as classes, describing
specific rendering. the common properties of a collection of individuals while
roles are interpreted as binary relations between objects.
Complex concepts are built from a set of atomic concepts
and a set of atomic roles by applying concept and role
The structure of an XForms-based document can be déonstructors.
scribed by using the XForms document of Figure 1. The

2.1 XForms Document Structure



<html xmlns="http://wuw.w3.org/1999/xhtml" xmlns:xforms="http://www.w3.org/2002/01/xfroms">

<head>
<xforms:model>
<xforms:schema><!-- Information on form validation -->
<xsd:schema xmlns:xsd="http://www.w3.org/2001/XMLSchema">
<xsd:element name="amexcard">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="fullName" type="xsd:string"/>
<xsd:element name="password" type="xsd:string"/>
<xsd:element name="personallnfo" maxOccurs="1">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="name" type="nameType"/>

<xsd:element name="homeAddress" type="homeaddressType"/>

<xsd:element name="ownMobile" type="xsd:string"/>

<xsd:element name="mobileNumber" type="xsd:integer"/>

</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>

</xsd:element>
<xsd:complexType name="nameType">
<xsd:sequence>
<xsd:element name="title"/>
<xsd:element name="firstName" type="xsd:string"/>
<xsd:element name="middleName" type="xsd:string"/>
<xsd:element name="lastName" type="xsd:string"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="homeaddressType">
<xsd:sequence>
<xsd:element name="homeaddr" type="xsd:string"/>
<xsd:element name="city" type="xsd:string"/>
<xsd:element name="state" type="xsd:string"/>
<xsd:element name="zip" type="xsd:integer"/>
</xsd:sequence>
<xsd:attribute name="suburb" type="xsd:string"/>
</xsd:complexType>

</xsd:schema>
</xforms:schema>

<xforms:instance xmlns=""> <!-- The initial and final XML instance document -->

</xforms:instance>

<xforms:submission method="..." action="..." />

<!-- Event definitions -->
<!-- Binding information -->
<xforms:bind nodeset="my:amexcard/my:fullName" required="true()" type="xsd:string"/>
<xforms:bind nodeset="my:amexcard/my:password" required="true()" type="xsd:string"/>
<xforms:bind nodeset="my:amexcard/my:personalInfo/my:name/my:title" required="true()" type="xsd:string"/>
<xforms:bind nodeset="my:amexcard/my:personallnfo/my:name/my:firstName" required="true()" type="xsd:string"/>
<xforms:bind nodeset="my:amexcard/my:personalInfo/my:mobileNumber" relevant="../my:ownMobile =’ Y’"/>
</xforms:model>
</head>
<body>
<!-- Actual forms controls reside in the body of the document. -->

<xforms:input ref="my:amexcard/my:personallnfo/my:name/my:firstName">
<hint>Enter your first name.</hint>
<help>Enter your first name.</help>

</xforms:input>

<xforms:selectOne ref="my:amexcard/my:personalInfo/my:name/my:title" selectUI="radio">

<xforms:choices>
<xforms:itemset>
<xforms:value>Mr Mrs Ms Dr</xforms:value>
<hint>Select your title.</hint>
<help>It’s selected your title.</help>
</xforms:itemset>
</xforms:choices>
</xforms:selectOne>
</body>
</html>

Figure 1: A partial XForms document used for an online credit card application.



Description Logic4LCO0Q I has a rich combination Concepts are interpreted as subsets of a domain and
of constructors, beside the basic constructors, it includesoles as binary relations over the domain. An interpreta-
also qualified number restrictions, inverse roles, nominalsion 7 = (A',.1) over a setq of atomic concepts and a set

and inclusion assertions of a general form. These conyp of atomic roles consists of a nonem -
: pty finite Aét(the
structors enablel LCOQ I to be powerful enough to pro domain ofI) and a function’ (the interpretation function

vide a unified framework for object-oriented languages :

and semantic data models as illustrated in [9, 4] and caﬂfl 1) thIat maps every atomic concefite A to a subset
represent XML documents [6]. In this paper we showA Of A" (the set of instances @) and every atomic role
that this logic can be used to capture the semantics dP € © to a subseP’ of A’ x A (the set of instances ).

the XForms document. Concept descriptions in Descrip-The interpretation function can be extended to arbitrary
tion Logic ALC0OQ I, which define how concepts and concepts and roles with the following inductive definition:
roles are formed, are built according to the syntax rules

as shown: (-C)l =al\c!
c,c —Al-cjcnc|cuc’ (C1NC)! =C{NC;
IVRC|3RC|[ZZ"RC|F<MRC|{ay, .., an} (QuC)' =c{ucs
R—P|P~ (VRC)! = {oeA|Vd.(0,0) e Rl —d eC’}

I __ 1 / / I / I
where,A andP, denote atomic concepts and atomic roles (3RC)" ={o€A'[F0.(0,0) eR A0 €C}
respectivelyC andR denote arbitrary concepts and roles, (32"RC)! = {0 c A’|#{d/|(0,0') e R"Ad €C!} >n}
m is a positive integer anday,...,a,} are individual N ] I , I
names. The basic reasoning tasks to be performed on con-(3="RC)" = {o€ A'[¢{0|(0,0) e R" A0"€C'} < n}

cept expressive are satisfiability and subsumption. The —\I _ / I o Alj(e I
former is used to test whether a newly defined concept (P)"={(0,0) €A xAT|(d,0) €PT}
is contradictory while the later is used to deduce whethefay, ... an} ={al,....al}

a concept is more general than another. The constructors

used to form concept expressions are the basic set opes- :

ators, namely compplemepnthI, union (J) and intersec- P Knowledge Bases i LCOQT
tion () that are denoted as negation, disjunction and conpescription Logic4LCOQ I provides facilities for set-
junction respectively. For example the concept of “personing up knowledge base through the use of concept expres-

without children” can be expressed as sions and assertions about individuals. A knowledge base
is composed of two components, namely Terminological
(MaleLI Female) 1 —Parent Box (TBox) and Assertional Box (ABox). The TBox con-

. L . tains intensional knowledge in the form of a terminology
where we use the union (disjunction) of the concé{ddte 414 s constructed through definition that states general
and Female for the notion of person and we intersect it properties of concepts and roles as follows:

with the complement (negation) of the conc@ptent.

In addition, 2LC0OQ I admits inverse roles and sev- ACC (inclusion assertion)
eral forms of quantification to denote the inverse of a given A: C lit "
relation and the representation of relationships existing be- = (equality assertion)

tween the objects in two classes respectively. In particu-

lar 22C0Q allows value restictionfRC), existential WNere A is an atomic concept an@ is an arbitrary
quantification 8R.C) and number restrictiorsE™R.C). ALCOQI concept expression. The first definition is

usually interpreted as inclusion assertion, which means
For example the conceptworkln.Male denotes the =y -5 necessary conditions are used for classifying in-
set of organizations with only male employees, while

; P P : stances of the concefit Equality assertion (logical equiv-
%V;Zrtkg;{évl rﬂ;édgmg;g;e@eﬁﬁgﬁyd organizations with at alence) specifies both necessary and sufficient conditions

for the instances of the class.

The ABox contains extensional knowledge, describing
workln.Male concrete situations through assertions about individuals.
The assertions to be used in this paper are concept and
‘S?ole assertion respectively, which are specified as follows:

3<3

defines the concept of organization with less than 4 mal

employees. More formally it denotes the set of instance

of the concept defined the above expression are connected C(a) R(b,c)

through the rolevorkin only to no more than 3 instances ’ ’

of the concepMale. .
ALCOQI uses the role constructor that is the inversemgie\),rigiggdagﬁ?2}?0(}0:;:”&5;“ roles respectively, and

role to denote the inverse of a given relation as:

<3 _ Student(PengYew workIn(ITEE,Guido)
3="workln

Lastly, the last constructor to be used is the “fills” role for
One can for example state that there are 3 people who atgrgjeR which is denoted aB : a and the semantic of this
unemployed by using the above expression. The logic alsgynstryctor is given as:

allows us to use individual names (nominals) not only in
the ABox but also in the description language. The basic
constructor for nominals is the “set” (one-of) construc-
tor represented by the expression

(R:a)! = {d e Al|(d,a’) e R’}

whereR: a denotes the set of those objects that haes
{a an} filler of the roleR. Thus we can interpret the following
L expression

whereay,...,a, are individual names. With the nomi- workln : Guido

nals constructor, it is possible to define the concept ofs Guido is currently holding a job in an organization, and

countries participating in the commonwealth countriesthe expression denotes the organizations Guido works for.
as {SINGAPORE, AUSTRALIA, INDIA, MALAYSIA,  Notice that this constructor makes possible to express role

UNITED KINGDOM}.



assertions through concept assertions, that is an interpre-

tation SatiSfi eg( a, b) Iﬁ: It SatiSﬁeS ( E' R { b} ) (a) . Please kindly fillin the form to process your application for eredit card

(*is arequired field)

The semantics of a knowledge based is specified
through the notion of satisfaction of assertions as specified .. yourname *

in [9]. Given a knowledge base, an interpretation satisfies
the inclusion assertioA T C if A’ ¢ C! and it satisfies the Passward =
equality assertiosh = C if A’ =C!. In addition, one can
consider an interpretation is a model of a knowledge base  me* @M OMrs OMs O
if it satisfies all terminological assertions in it. First Name >

Middle Name *

3.2 Reasoning Tasks imLCOQ I Last Hame *

Date ofBirth > (dd/mm/¥¥yyl
The fundamental reasoning tasks that can be carried out on  yome adoress = :
the intensional level of the knowledge base are knowledge
base satisfiability, concept consistency and logical impli-
cation. The formal definition of these types of reasoning

Suburb *
Gity *

§tate >

according to [9] are given below:
1.

2.

fip Gode >
Knowledge base satisfiability A knowledge base K Time AtMome address T,  years
is satisfiable if and only if it admits a model. ’ ’ "

and months
Do you own amobilephone 2~ C Yes C Mo

Concept consistency A conceptC is consistent in
a knowledge base K if and only if K admits a model

where the interpretation @ is not empty. Figure 2: Graphical version of an XForms document used

for an online credit card application.

. Logical implication: A concepC; implies a concept

Cy,, C1 C Gy in a knowledge base K if and only if in

all models of K the interpretation @ is a subset of . )
the interpretation of,. structured via the form controls component. Figure 1

shows a partial XForms document for applying for a credit

Concept consistency and logical implication general-card and Figure 2 is the graphical version of that partial

ize concept satisfiability and concept subsumption whermlocument. This example will be used in the rest of the
we consider a knowledge base. These notions enable graper to illustrate the mapping process from XForms to
user to deduce implicit knowledge from the knowledgeDescription Logic.

that is explicitly contained in the knowledge base.

4.1 Structuring the TBox

3.3 Applying Description Logic to Reason About

Forms The tags of XML schema, attributes of binding element,
XPaths and sometimes the form controls of an XForms

As we have alluded to in Section 2.2 the basic types otlocument are used to structure the TBox in a Knowledge
reasoning we can perform on forms are form validity andBase.

form embedding. Here we examine how these operations The schema of the document determines how the el-
can be carried out in Description Logic ements in it are represented as either atomic or complex

1.

) ~__ concepts, and in case of complex concept it establishes the
Consistency of forms We can use logical impli- roles to be used and the type of quantification needed to
cation to verify whether a particular field has beendefine the complex concepts. Form controls are used only
correctly interpreted according to its correspondingwhen pieces of information like cardinality constraints,
field’s data. are missing from the schema. Tkeind> elements and

XPath are used to verify or include additional information

. Embedding of forms: Given a representation of two ;1o TBox.

forrgsFFl andF> we have thak, is embedded i if Only element tags and their associated attributes are
RER. used to map the elements of the schema to concepts of

satisfiability and concept consistency can be used t&®€longs to a domain of concepts, denoted as either atomic

decide whether a form contain all the essential and" complex concept.

relevant fields, according to given ontologies. Definition 1 A function called ConceptName is intro-

Form fillability : Concept consistency can be used toduced to map each (complex) element in the schema to

verify the relevancy of the field's data; then this data@n assertion. This function receives an XForms document

is used to check the consistency of the form. as input and aims to differentiate elements between atomic
and complex concepts as output of that XForms document.
type(e) denotes the basic (built-in) type of the element

4 Representing XForms in Description Logic For each elemerg in an XForms documert is the

concept corresponding to it I@LCOQ I. Then

To correctly represent XForms documents in Description, | ) - )

Logic we have to examine four components of an XFormd/f €S data type is built-in or simple then
document: the XML Schema ancind> elements de- eCtypge) i

clared in the head element of the document, XPaths dédf €s data type is user-defined then
clared in the whole document, and form controls declared If €S data type is complex then

in the <body> element of the document. The Knowledge If eis of type<xsd:sequence> then

Base of an XForms document is derived from these com- e C M(RoleConceffE) : € € <xsd:sequence>)
ponents. The resulting Knowledge Base is then used to  If eis of type<xsd:all>then

verify the validity and logical design of the form. The e CN(RoleConcef¥) : € € <xsd:all>)
schema, binding elements, XPath sand, sometimes, the If eis of type<xsd:choice> then

form controls are used to structure the TBox in the Knowl- e C L(RoleConcefi¥) : € € <xsd:choice>)

edge Base of an XForms document while the ABox islf e has attributeref=xpath then



If xpath points to elements Definition 2 The function RoleConceptestablishs the

e C (e’ € XPathExpath) types of quantifier and roles for complex concept. Each el-
If xpath points to values ement in the schema is checked for cardinality constraints,
e(v) for all v € XPath\Mxpath wheren and m are integers and then the element corre-
sponding binding element’s attribute for its role.
where XPathExpath and XPathMxpath are, respec- Letebe an element (attribute) in an XForms document.
tively, the set of elements and the set of values an XPath , .
expressionxpathrefers to (see Definition 4). If e has attributerelevant="xpath="‘value’ ", then

RoleConcepe) = Relevante)

The first element of the schema is defined as the type aftherwise
the root element (document element), that is the element RoleConceye) = Concepte).
that specifies a document type. Each element has a name ) i
and may have a number of optional attributes of whichThe functionRelevants thus defined
only two attributes are relevant for the mapping, namely
data typeand cardinality constraints The name of each =~ Relevante) = (Rolg(xpath):{value} 1 Concepte))
element corresponds to the name of the concept. The data 4 .
type of the element is used to verify whether the element M-Rolexpath:{value}
itself is an atomic or a complex concept and cardinalityon the other hand the functid®onceptis thus defined
constraints are used to establish the appropriate quantifiers
and roles for complex concepts. If e has attributerequired=True () then

There are two methods for defining the data type of an Concepte) = JRolge).e
element: built-in and user-defined. Element with built-in If e has attributerequired=False () then
data type are mapped to atomic concepts. Elements with Concepte) = VRolge).e
user-defined data type can be further broken down intaf e hasminOccurs= 0 then
simple and complex data types. The former data type is Concepte) = VRolge).e
mapped to an atomic concept while the latter is mappedf e hasminOccurs= 1 then
onto a complex concept. Notice that in some instances, an Concepte) = JRolge).e
element of complex data type may usesd: attribute> If e hasminOccurs= n then
tag instead okxsd:element> tag to denote a child el- Concepte) = I2"Rolge).e
ement. The former tag behaves exactly the same 88 ¢ hasmaxOccurs= n then
the latter tag. As SLrJ]ch, wkg)en encountecried elemiant with Concepte) = 3="Rolge).c
<xsd:attribute>, the attribute is treated as an element A .

’ : If e hasminOccurs=n andmaxOccurs= mthen

er:aorlr]:glrlft).ws exactly the same mapping process of a normar Concepte) — 3-"Rolg(€).e M I="Role(e).c

Elements with simple data types are defined nor-
mally by using tags such asxsd:restriction>,
<xsd:enumeration> and others. These tags are, how-
ever, not relevant in mapping elements to concepts an
therefore tags in simple data types are ignored. Comple
data types are defined from existing data types by definin

some attributes (if any) and by usiRgsd:sequence>, i consiraints of the element is not defined neither in

<xsd:all> and<xsd:choice>. An elements contain-
ing a sequence of elements uses conjunction to cor}t-he schema nor the body of the form, we have to use value

struct the corresponding complex concept. Likewise fo estiction to describe the relationship between the complex
<xsd:all>, conjunction is also used in building complex €lément and the corresponding chilld.

concep? Elements with<xsd: choice> are represented
by thelltljibsjunrc]:tion of the collection of elements, of which XForms document to roles iA£COQ I. Lete be an ele-
one will be chosen.

A complex concept is built by combining atomic and ment of an XForms document, then
complex concepts with the functioRoleConcept{Defi- Rolg(e) = child-e
nition 2). This function establishes the types of quanti- -
fier and role for complex concept through cardinality con-
straints MinOccurs maxOccur} of the element and the
element corresponding binding element information re
spectively.

The relationship between the elements in a comple
concept is represented by a role, which is derived fro
the attributes of the binding element. The attributes o

the binding element that are used to interpret rolerare A : Lo

; . . . T ccording to Definitions 1, 2 and 3 the structure of the
quired andrelevant The meaning of required is to indi- +55."Gf an )%Forms document is created but in a “weak”
cate whether the domain of the corresponding element ¢ ate. XPath andbind> element are then used to in-
be empty. The intuition behind the attribute relevant is th%}lude' additional information to strengthen the TBox. An

the existence of values for the element the attribute referg : ; : ; :

: Path expression contains meaningful information on the

ioegsff:gﬁ :Qtwg \\/’gllﬂgg %ﬁthheggllegﬁ{gfb;?l‘: (a)t,t”bmslements or the values it is pointing to. This information
¢ ; e : , is used to interpret its related concepts or domains. In ad-
g rgﬁsge(%té\évggailtgi \i/r?llégrgjsusn?:ttitgn\;ﬁt(h) é)t(?;ergﬁl dition, XPath and binding elements are also used to verify
e § ‘ , : or enhance the roles and quantifiers established by Defi-

qut%ntlfl_catlonl, and \{\_/Per}_set Bdlse ()’ theroleis used pision 2. Most frequently declarations of XPath are found
with universal quantincation. in the tags of binding elements, form controls and at times

“The order of the elements is relevant when an element is specified to be se- 3Here we would like to point out a conflict between the specifications for XML
quence of sub-elements. On the other hand, semantically, this does not change %;e p p

In some cases, it may be possible to omit the cardi-
nality constraints in the schema, but rather specify it in
e body of the form. As such, when the cardinality con-
traints of the element is not specified in the schema, it
necessary to look into the corresponding form control
the body of the document. In cases, where the cardi-

Definition 3 The function Role maps elements of an

Thenodeset attribute of a<bind> element is used to
bind an instance to the binding expression via an XPath.
“There are two ways to specify XPaths: an XPath expres-
>gion can be either an absolute or arelative path expres-

ion. When encountered binding element via relative path
xpression, each child element corresponding to the path
must be defined.

- - . AR chema and XForms. If an element is defined in the schema without any cardinal-
meaning of the element itself. Technically there are no difficulties to represent SUCH - nstraints then the specification for the XML Schema assume the default value

minOccurs= 1, on the other hand the specifications for XForms state that the de-
feault value for the attribute required is false(). HowavemOccurscan be defined
only in the schema while required only in the other part of an XForms document.

structure, However In this paper we are interested in the semantic meaning of th
elements, thus we will ignore this difference.



Online Application Form for AmexCard Credit Card

Please Kindly fill in the form to process your application for eredit card
(*is arequired field)

Please show us how you wwould like your name to appear on your Gard

Enter your name = Charlie Brown

Password for the sard

Password > e ——

Please tell us about yourself

Title > @Mr OHrs OMs ODr
First Name * Charlie
Middle Name * | Junior
Brown

25/10/1978

LastMame =

Date ofBirth = [dd:mm/¥yyy)
Home Address * |6 Durhsm Street =
Suburb * St Lucia
Gity *
State >
7ip Code =

Time At Home Address

Brishane
Clueensland

4067

I years
o 5
and months

Do you own a mobile phone ? = & Yes < Ho

Mobile Humber |04 123 456 78

Figure 3: Form displaying additional field mobileNumber
when user selected 'Y’ as ownMobile's value.

The binding statements in Figure 1 specify that the ele-
ments<fullName> and<password> are required fields

via the attributerequired and nodeset. The nodeset
points to elements in the schema/document; the attributes
are used to indicate the type of relationships between the
node corresponding to the Xpath expression and its parent
element. The representation of tkieind> elements for
<fullName> and<password> gives us the following two
assertions

amexcard C Jchild-fullName.fullName
amexcard C Jchild-password.password

Consequently the complete definitionafhexcard is

amexcard C Vchild-fullName.fullName
M 3child-fullName.fullName
MVchild-password.password
M dchild-password.password

3~ Lchild-personallnfo.personallnfo

ElemenhomeAddress> in Figure 1 has five children
of which suburb is declared as an attribute. As explained
before, an attribute is treated as an element. The attribute
suburb is of built-in data type and thusiburb is atomic
concept. Thectitle> element does not have a data type

in XML schema. In the<bind> element, an XPath ex- gpecified in the schema. The user therefore has to look
pression is used for various binding expression such agto the corresponding field of the element in the body to
model binding expression, Ul or action binding expres-getermine the data type. TReitle> element defines an
sion and computed expression. In this paper, we focugtomic concept as its date type is of user-defined but sim-

on the model, action and relevant of computed expressio
Although it is possible to capture the semantics of the re
of the computed expression, it is not within the scope o
this paper.

Definition 4 The functionsXPathE and XPathV take as
input an XPath expressionand return, respectively, a set

le type as no elements are specified within it. There are 4
alues namely Mr, Mrs, Ms and Dr inside tkehoice>
ftag associated witktitle>. Among these values, only
one is selected as the value foritle> element gelec-
toneform control), therefore resulting in a cardinality con-
straint ofminOccur is 1 The mapping of the atomic con-

of elements and a set of values according to the followincgepttitle is described as:

algorithm
XPathEXx) :=0
XPath\(x) := 0

For each nodé in the document comparewith the path

ft

ﬁ X matches an elemestthen

XPathEx) := XPathEXx) U {e}
If xmatches an valuethen

XPath\(x) := XPath\(x) U {v}
The elemenkamexcard> in Figure 1 is a complex con-
cept.
guence tag. The first two elementsfullName> and

It has three child elements located inside the se-

title © {Mr,Mrs,Ms, Dr}

We use the last binding statement in Figure 1 to illustrate

the mapping of the attributeelevant. First of all the el-

ement<personalInfo> generates the following expres-

sion:

personallnfo C Vchild-name.name
MVchild-homeAddress.homeAddress
MVchild-ownMobile.ownMobile

MYchild-mobileNumber.mobileNumber

<password>, are atomic concepts and the last elementThe elemenkmobileNumber> depends on the value of

<personallInfo>, is a complex concept.
According to Definition 1, the partial mapping of the
complex concepimexcard is described as:

amexcard C RoleConcefullName
MRoleConcegpassword
MRoleConceppersonalinfg

The children of<amexcard> do not contain the attribute
relevant, thus allRoleConcepin the above definition
turn out to beConceptfunctions.

The elementsfullName> and<password> have no
cardinality constraint specified in the schema or the bod
of the form, therefore the quantification for the role
must be universal. The elemefpersonalInfo> has
maxOccurs= 1, hence number restriction must be used.

According to on Algorithm 2, the mapping of complex
conceptamexcard is described as follows:

amexcard C Vchild-fullName.fullName
MVchild-password.password

M 3=child-personallnfo.personallnfo

element<ownMobile>. The expression we obtain from
this is:
personallnfo = (ownMobile:{Y }1
Jchild-mobileNumber.mobileNumber)
Li=ownMobile:{Y}

Figure 3 shows the form of Figure 2 with the additional
field <ownMobile> when the user keyed in 'Y’ into the
value of elemenkownMobile>. Subsequently the inter-
pretation of the filletownMobile:{Y} will be satisfied by
the instance of the concepérsonallnfo, and at the same
Yime negation of the filler is false. Accordingly the result-
ing expression can be embedded in the full definition of
personallnfo.

personallnfo E3child-name.name
M 3dchild-homeAddress.homeAddress
M 3child-ownMobile.ownMobile
MownMobile:{Y}

M dchild-mobileNumber.mobileNumber



lexical starting bound for the range and denotes the first

Please Kindly fill in the form to process your application for ¢redit card Value Whlle th&nd attrlbute gIVGS the endlng bound for
(*isarequired field) ! .

the range and denotes as the last value of the domain. The
Entor your rame <[ Gharlio Brown step attribute is applied to increment or decrement the
value, and is used to determine the values inside the range.

e — As discussed, the role represents the relationship be-
T tween the elements in a complex concept. By using role
— SMr ONPs Olis O assertions, one can state that a filler of the roleRfor b,
firsthame > |Gharlie whereb s the ID of the root element of a complex concept
and thatc is the value (interpretation) of a concept. This
is illustrated as:

Password *

Middle Hame = | Junior

Last Hame * Brown R(b, C) )

DateofBirth* |25/10/1578 (dd/mm/y¥yy)

Home Address = |6 Durham Street : For instance,

Suburh * St Lucia

Bty * E— child-name(amexcard123Charlie),

dtate ™ — whereCharlie is the value of elementfirstName>, im-

ZnGade>  [4057 plies thatamexcard12ahas a first name’s field, whose

Tneitkachuress IEESSSOESEEEE ee value isCharlie. XML Schema uses attribute names to
and months represent elements but in some instances, there may be

Duyouownamobilephone? = Yes @ Ho more than one element with the same name. For instance,

an element named person with cardinality constraint of
maxOccurs=2 As such, a unique ID is assigned to each
Figure 4: Form displaying without field mobileNumber €lement. This ID aims to identify each unique element and
when user selected ‘N”as ownMobile's value. is derived from the attribute name of the element. In the
case of elements with duplicate name, the ID will still in-
herit the name of the element but will append a numbering
order at the end of the ID. In this case, the first element’s
Figure 4 shows the form of Figure 2 when the userID is personl while the latter element’s ID is person2.
keyed in ‘N’ instead of ‘Y’ into the value of the ele-
ment <ownMobile>. Subsequently the interpretation of ‘ . K
ownMobile:{Y} is not satisfied. This would make the ° Perform Reasoning Tasks

whole conjunction false and the expression which would . . . .
be returnejd is: P In the previous section, we have defined and illustrated

the methodology of structuring the knowledge base of an
XForms document. In this section, we will explain the
reasoning tasks one can perform on XForms documents.
and embedded into the original concegtsonalinfo as ~ Foremost, the reasoning on validity and logical design of
shown below: form as specified in Section 2.2 can immediately be re-
duced to the fundamental problem of checking the satisfi-
ability of the knowledge base’s domain. This verification

. of satisfiability is performed via using the reasoning tasks
M 3dchild-homeAddress.homeAddress available in2LC0Q]I.

M 3child-ownMobile.ownMobile

M—-ownMobile:{Y} Consistency of forms

personallnfo C —ownMobile:{Y}

personallnfo C Jchild-name.name

] Once the schema and the binding elements of the form
4.2 Structuring the ABox have been mapped into the knowledge base, each mapped

. inding element is checked whether the mapped bind-
The body of the form contains form controls that are use ng element is embeddable into its associated mapped
to structure the ABox in a knowledge base and for spec

ifying the user interface of the form. Only form controls schema’s element as shown below:
with attributeref and that receive input from users are
used in structuring the ABox. Form controls with attribute
ref are<input>, <secret>, <textarea>, <selectl>,
<select> and<range>. Attribute ref references an el-
ement in the instance document, which also belongs to
concept in the TBox. As such, the value of the form con-
trol denotes the value of that concept (concept assertionsgl.I
The first three form controls, namelyinput>,
<secret> and<textarea>, are simple and straightfor-
ward when used for structuring the ABox but the re-
maining controls, namelyselect1>, <select> and

Mappedbinding) C Mappedschema

The data of the field is correctly interpreted by its cor-
responding field’s data in a form if the interpretation
8f Mappedbinding) is a subset of the interpretation of
appedschema

Let us consider for example the following (partial)
Knowedlge Base.

personallnfo C3child-name.name

<range>, need additional steps. Both the selection form Mdchild-homeAddress.homeAddress
control Kselect1> and <select>) provides a list of M Jchild-ownMobile.ownMobile

items, which are defined by usirgabel> and<value> .

tags. The former tag gives the description of an item while M ((ownMobile:{Y}

the latter is the value associated with the item. It is noted M 3child-mobileNumber.mobileNumber)

that in most casesvalue> tag do not carry significant in-
formation about its correspondirgabel> tag and there-
fore, it is necessary to take into consideration both tag
when determined the domain of that concept.

L —ownMobile:{Y})

ﬁ'his Knowledge Base has an elememinMobile con-
In <range> form control, the referencing of the do- tained in the complex conceptersonalinfo, which the

main for a concept is determined by its attributes, namely'SEr nas chosen ‘Yes’ as the value &omMobile. As-
start, end and sgep‘ Thestart at¥ribute provides the %jumlng in the form, there is a particular field displaying



the value olbbwnMobile as ‘No’. The interpretation of this elements is identical to the interpretation of form B’s el-

particular field will be reflected as: ements because both identical element’s value is equiva-
lent. The identical fields in form B can be embedded into
ownMobile” = {No} the mapped schema of Form A. Form B is therefore em-

beddable into form A thus reducing the number of forms
Based onconsistency of formslefinition, this particu- for the user to fill.
lar field is verify whether it could be embedded into the
mapped schema 4s: Form fillability:

Once the schema and the binding elements of the form

have been mapped into the knowledge base, the interpre-

tation of domain of the embedded binding element and

%gchema's element is checked for emptiness as shown be-
Wi

personalinfo? C personallnfo’

The representation of the field could not embedded int
the mapped schema, as the interpretation of the mapp
field OwnMobile” is ‘No’ which is not equivalent to the
interpretation ‘Yes’ ofOwnMobile of the mapped schema Mappedbinding) MMappedschemaC L
personallnfo’. Therefore the data of this field is not con-

sistent with its corresponding element’s data, making thel he data of the field is relevant to the semantic of the form
form invalid or inconsistent for the user. if the embedded binding element and schema’s element
has a non-empty interpretation.

Embedding of forms In the Knowledge Base

Given two formsA and B, form B can be embedded in  personalinfo £ Jchild-name.name
form A if M 3child-dob.dob

Mapped formA) C Mapped formB) Mdchild-homeAddress.homeAddress

¢ b bedded her if th MYchild-timeHAddr.timeHAddr

One form can be embedded into another if the interpreta- o~ - .

tion of Mapped formB) is a subset of the interpretation M15child-ownMobile.ownMobile

of Mapped formA). M—-ownMobile:{Y}

Assuming there is an enrollment task, which requires

the user to fill in two forms, A (application form for there is a elementwnMobile contained in complex

joining a course) and B (application form for newslet- conceptpersonallnfo, where the user chosen ‘No’ as the

ter that is relevant to that course). Form A requireavalue ofownMobile. Although the user choosen ‘No’ for

applicant personal details such as name, residential aritie value ofownMobile, in the form there is another field

company address while Form B requirea applicant nameorresponding tenobileNumber, where the user has to in-

only. Both form A and B have some identical fields put his mobile phone number. Since the user does not own

namely<firstName>, <middleName> and<lastName> & mobile phone, the field would be empty, namelly:

as shown below: ;

Partial Knowledge Base of Form A mobileNumber” =0

T According to the definition oform fillability, the inter-

name L HCh'Id't'tlle't'tle ] pretationgof domain of the fiel@hobiIeNum)l/)er and the

rdchild-firstName.firstName concepipersonalinfo is checked for emptiness as:

Mdchild-middleName.middleName

M 3child-lastName.lastName personalinfo? Mpersonallnfo’ C L

~ title C {Mr,Mrs,Ms,Dr} personallnfo® does not contain the element
firstName C string mobileNumber and therefore the domain of the
middleName C string personallnfo® would not contain any interpretation

of mobileNumber. This implies that the interpreta-

lastName C strin . . . .
- 9 tion of personalinfo® is empty. The conjunction of

Knowledge Base of Form B mobileNumber? with personallnfo® would resulted in a
empty (inconsistent) interpretation. This causes the field
name C Jchild-firstName.firstName corresponding tanobileNumber to be not relevant to the

. . . semantics of the form, in turn making the form not fillable
Mdchild-middleName.middleName or invalid to the user.

Mdchild-lastName.lastName

firstName C string Integration of forms with ontologies:

. = stri
middleName L string Once the schema and the binding elements of the form

lastName L string have been mapped into the knowledge base, the embed-
. _ ded binding elements and schema’s elements are verified
Based orembedding of formdefinition, we have to check  4gainst a predefined ontology, provided eventually by an
whether formB can be embedded in for& namely ontology server. Then the interpretation of domain of
the embedded binding element and schema’s element are

’ checked for emptiness and embedding; that is:

name”? C name

wherename? is form B andname? is form A. The com- Mappedontology MMapped form) C L
plex conceptame in form A contains elementéstName,
middleName andlastName. The interpretation of these and

Mappedontology C Mapped form
4% is used to refer the map of the fields in the form wHildenotes the map of PP C{ gw - PP C{ )
the schema of the form.



The form contains the essential and relevant fields if the [6]
embedded binding element and schema’s element is ad-
mitted by the knowledge base and has a nonempty inter-
pretation. The concept of integration of forms is the com-
bination of form fillability and consistency of forms. Due

to the page constraint, the reader is advised to imagine thd 7]
examples used by form fillability and consistency to un-
derstand the concept of integration of forms.

6 Conclusions

The main contribution of the paper is the development of [8]
a framework to reason about XForms document based on
ALC0Q I. We have demonstrated the process of captur-
ing the semantics of the XForms documents and mapping

it to knowledge bases in Description Logic. Thereafter
reasoning tasks are applied to the knowledge base of the[9
document to verify the validity and logical design of the ]
forms. In addition, we argued that ttLCOQ [ is ex-
pressively enough for this specific task.

There are several research directions that are worth
pursuing. In this paper, we relied oRLCOQ I to rep-
resent and reason about forms, other logics such as Firgto
Order Logic (FOL) and Propositional modal logics are not
taken into consideration. As such, the first research area
is using other logics to represent and reason about form$11]
Comparsion can be made in terms of expressiveness and
complexity to determine which is the most appropriate
logic to represent and reason about form.The second re-
search area is further aspects of the XPath and bindin
element could be captured in order to present other propEl
erties of the XForms document such as calculate and con-
straint property. This will challenge the expressive power
of 4LC0Q I as whether the logic is capable of represent-
ing other properties of XForms documents.

The third research area is exploring the generation o[ ]
web forms with respect to the integration of ontologies
[11]. As mentioned in the introduction, schemas can be
viewed as ontologies therefore it is possible to generategi 4]
forms based on the ontologies [7, 5, 8]. The main issue is
to study whether the generated forms are consistent with
respect to the ontologies, indeed the a form may inter-
operate with several ontologies thus we have to study how
to integrate ontologies to produce a global ontology for
the form.

Finally as discussed in the introduction, the proposed
reasoning framework could be implemented into the ex-
isting DL system such as FaCT system to reason about
XForms document with respect to the requirements of the
users and applications. Depending on the reuirement of
the system using the framework the validation of forms
can be carried out either online or offline.
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