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Abstract

XML isone of the premier formats for data representation and interchange. Many organizations
are starting to store datain XML and using XML as an intermediate format for publication and
use of these documents. M ost database systems have support for storing datain XML or internally
representing XML data for storage. However, XML does not have a suitable mechanism for in-
tuitively creating a conceptual model for the dataand cannot automatically or semi-automatically
generate the schemafor the actual data storage. The area of designing conceptual modeling
techniques for XML is still not adequately explored in literature. In this paper we describe the
XER (Extensible Entity-Relationship) model, aconceptual modeling approach that can describe
XML document structures in asimple visual form reminiscent of the ER model, and has the
capability to automatically generate XML document type definitions and schema from such
structures.
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1. Motivation

Design is one of the most important steps in the software development process [SDLC]. In most software engin-
eering literature, the process of design always comes before implementation, and carriesamajor weight in determ-
ining the success of a project. The process of conceptual design is the phase of design that is independent of the
final platform and the medium of implementation, and is usually in a form that is understandable and usable by
managers and other personnel who may not be familiar with the low level implementation details, yet have major
influence in the devel opment process. Most of the devel opment methods utilized in today’ s software devel opment
include such a conceptual design phase. For instance, in relational database development, the conceptual design
is presented using Entity Relationship (ER) diagrams [ER] , and in software model development, the conceptual
model is presented using data flow diagrams (DFD’s), and in Object-Oriented design, the conceptual model is
presented using the Unified Modeling Language (UML), and so forth. Unfortunately, the area of conceptual design
with XML has not been explored significantly in literature or in practice. Most XML design processes start by
directly marking up datain XML, and the metadata is typically designed at the time of encoding the documents.
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In order to apply the lessons |earned from standard Software Development Life Cycle (SDLC) process, a method
for incorporating conceptual modeling in the design and development of XML applicationsis highly desirable. In
this respect we present XER (pronounced “ Sher”), an extension of the well-known ER model [ER] , which is
capable of handling all the nuances of XML in ahighly presentable graphical form.

2. State of the Art

Conceptual modeling of XML datais an emerging area of research. Literature shows several potential modeling
applications for XML. Mello and Heuser [Rul€]use a rule-based conversion technique to convert aDTD into a
canonical conceptua model using a semi-automated rule-based process. Conrad, Scheffner and Freytag
[XML/UML]utilize a subset of UML for DTD based XML conceptual modeling. Psaila [ERX]introduces ERX
(Entity Relationship for XML) as a conceptual model based on the entity relationship model that copes with the
features of XML. ERX however does not support multiple features of XML such as Mixed Content etc., and does
not describe how complex types with their various nuances can be modeled into the system. Several commercial
tools provide support for graphical manipulation of XML structures. However, such tools have their own proprietary
methods for graphically designing XML structures. For instance, XML Authority [XML Authority] from Tibco
Solutionsaswell as XML Spy from Altova[ XML Spy] providesavisual representation of aDTD or aXML schema
using two different views, atree representation and atabular representation listing the various elements and attributes
of the schema or aDTD. The Near and Far Designer [NFD]] isa DTD modeling tool to create a DTD without
prior knowledge of the DTD syntax, and it provides the user with asimple easy to use tree representation to create
aDTD. Microsoft’sVisua Studio .NET product [.NET]includesagraphica XML schemaeditor that uses connected
rectangular blocks to present an overview of a schema, although most of the details are hidden in dialog boxes.

Although some research has been performed on conceptual modeling for XML, and XML tools provide support
for graphical editing of XML structures, none of the tools or models have the versatility of the ER model. In this
paper, we demonstrate that the ER model can be adequately expanded to handle the nuances of XML, and the
resulting models are as presentable as the original ER model for relational databases.

3. XER — Extensible Entity Relationship M odel

We present XER, an extension to the popular ER model [ER]as aconceptual model for XML. To avoid the minute
details on all the various features of XML, we are going to assume a canonical view of XML called ENF (Element
Normal Form) [ENF], which isarepresentation of XML documents without using any attributes. Technically, an
XML document isin ENF if it does not have any attributes. It istrivia to show that any XML document with at-
tributes can be transformed into ENF by converting the attributes to elements with a special naming convention
(e.g., prefixed with asymbol like* @'). Thistransformation can be performed using XSLT [XSLT], and the origina
document can be obtained back from an ENF representation using XSLT aswell. In therest of the paper, we assume
that al the documents in our data set are in ENF. We can how simplify our problem of describing a conceptual
model for XML documents to a conceptual model for XML documentsin ENF, i.e., with documents with no at-
tributes.

3.1. Modeling Nuancesin XML

At first glance, the Entity-Relationship (ER) model seemsto be an appropriate modeling tool for XML. ER isvery
successful intherelational domain, with aset of simple graphical modeling constructslike rectangles and diamonds
to describe the data objects and the rel ationshi ps between them. However, XML structures aretypically not designed
with a data-relationship view, but they are designed more from a document perspective. The main complicating
factors that make the standard ER model unsuitable for XML are asfollows:

1. XML objects are inherently ordered i.e.,, there is a specific ordering between different elements as well as
different instances of the same element.

2. XML does not have a direct way to support many-to-many relationships, since the structure is essentialy
hierarchical.
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3. XML structures often involve heterogeneous types, aconcept in which different instances of an element may
have different structures.

4. Individua element structures can be complex, involving structured groups of elements, as well as optional,
required and multi-valued elements.

5. Anelement in XML may have mixed content —with atomic values as well as hon-atomic values at the same
time.

6. Last but not the least, XML supports many related concepts such as namespaces that would make the task of
creating conceptual model non-trivial.

3.2. XER Constructs

With the above viewpoints in mind, we now present XER (pronounced “ Sher”), an extension to the Entity-Rela-
tionship model and describe various components of the model. Note that because of the overlap between the concepts
in XML and ER, the appropriate termsin therest of this paper will refer to XER concepts. For example, an ‘ entity’
will refer to the concept of Entities in the ER model and not the concept of general or parameter entitiesin XML.
Also, XER attributeswill refer to attributes of entities and not XML attributes of elements (we are assuming ENF,
thereby eliminating the need for attributes).

The XER model includes all the basic constructs of the ER model, and some new constructs of itsown. The primary
constructsin XER are described below.

XER Entity: The XER entity isthe basic conceptual object in XER. A XER entity isrepresented using arectangle
with atitle area showing the name of the entity and the body showing the attributes. XER attributes are properties
of entitiesthat are usually atomic, potentially optional or multi-valued. Attributes are shown in the model by placing
the names of the attributesin the body of the entity. Attributes are ordered by default, and the ordering in the diagram
is top-to-bottom. Multi-valued attributes are allowed, showing the multiplicity in parentheses.

Depending on the type of the schematic element being modeled there are subtle changes in the representation of
the XER entity. A XER entity can be of the following types

A. Ordered Entity: XER entitiesare ordered by default. An ordered entity indicatesthat the attributesin the entity
must appear inthe same order they are presented in the diagram. XML Attributes (translated using ENF) are shown
inthe entity prefixed with the symbol @, and the key attributeisunderlined. An ordered entity isrepresented using
atiled rectangle as shown below, the order is from top to bottom:

XML schema XER
Person
<xs: el enent nane="Per son"> | @SSN
<xs: conpl exType> - _ '
<xs: sequence> . FirstName
<xs: el ement name="Fi rst Name"/ 3| LastName
<xs: el enent name="Last Nane"/> | PhoneNumber(*)
<xs: el enent nane="PhoneNunber" . @status

m nCccur s="0"
maxQccur s="unbounded"/ >
</ xs: sequence>
<xs:attribute nane="SSN'
type="xs:1D"/>
<xs:attribute nane="status"/>
</ xs: conpl exType>
</ xs: el enent >

Table 1. An ordered XER Entity and the corresponding XML schema
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B. Unordered Entity: XER also has support for unordered entities, in which all attributes are required but may
appear in a document in any order. The unordered entities (as in the <all> tag in XML schema) have the same
representation as ordered entities, although the name of the entity is preceded with a question mark (?).

XML schema XER
_ ?Evaluations
<xs: el ement nane="Eval uations"> -

<xs: conpl exType> Technical

<xs:all> Structure
<xs: el ement name="Technical "/ > Presentation
<xs: el enent nanme="Structure"/> Applicability
<xs: el ement nanme="Presentation"/> Methodology

<xs: el ement nane="Applicability"/|p
<xs: el ement nane="Met hodol ogy"/ >
</xs:all>
</ xs: conpl exType>
</ xs: el ement >

Table2. An Unordered XER Entity and the corresponding XML schema

C. Mixed Entity: XER supports the mixed entity, in which both text as well as elements are allowed. The mixed
entity (asinthe“mixed” attributeinthe XML schema) isrepresented in XER using asolid rounded outer rectangle
as shown below. In the case of mixed entity with a choice content model, the outer rectangle of the choice entity
itself is rounded.

XML schema XER
<xs: el enent nane="Para"> Para
<xs: conpl exType mi xed="true"> Bold
Italics

<XS: sequence>
<xs: el enent name="Bol d"/ > Footnote
<xs: el ement nane="Italics"/>
<xs: el ement nane="Foot note"/>

</ xs: sequence>

</ xs: conpl exType>

</ xs: el enent >

Table 3. A Mixed XER Entity and the corresponding XML schema

XER Relationships: Relationships, which denote a connection between two or more entities, are introduced in
XER when a complex entity contains acomplex element as one of its sub-elements. Relationships can be one-to-
one, one-to-many or many-to-many. The cardinality of relationshipsis equival ent to the minOccurs and maxOccurs
tags present in the XML schema. In a XER diagram, arelationship is shown with adiamond as in the ER model.
Relationships may or may not be named, and labels along the connectors indicate participation constraints for a
relationship and the connecting entity. An example of a XER relationship is shown below:
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XML schema XER
BOOK Chapter
<xs: el ement name="BOXK"> title | @chapno
<xs: conpl exType> author(*) has> = | title
<Xs:sequence> @isbn o7 abstract
<xs: el ement nanme="title" /> chapter - section (*)

<xs: el enrent nanme="aut hor"
m nCccur s="0"
maxQccur s="unbounded"/ >
<xs: el ement nane="Chapter"
m nCccur s="1"
maxQccur s="unbounded" >
<xs: conpl exType>
<XS:sequence>
<xs: el enent
nane="title"/>
<xs: el enent
nane="abstract"/ >
<xs: el enent
nane="section"
m nCccur s="0"

</ xs: sequence>
<xs:attribute name="chapno"
type="xs:1D"/>
</ xs: conpl exType>
</ xs: el enent >
</ xs: sequence>
<xs:attribute
name="i sbn"
type="xs:1D"/>
</ xs: conpl exType>
</ xs: el enent >

maxCccur s=" unbounded"/ >

Table4. A XER Relationship and the corresponding XML schema

XER Generalizations: Theterm “generalization” refersto the concept of having an entity that can have different
sub-entities (with an IS A relationship). In XER, ageneralization is represented using acovering rectangle containing

the specialized XER entities as shown below:
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XML schema XER
ITEM
<xs: el enent nane="| TEM > @itemno
<xs: conpl exType>
<xs: choi ce> BOOK
<xs: el ement nanme="BOXK"> pages*
<xs: conpl exType> mﬂqggé)
<XS: sequence> @ISBN
<xs: el ement nane="pages" /> VIDEO
<xs: el enent nane="aut hor" title
m nCccur s="0" actor (*)
maxOccur s=" unbounded"/ > | 7

</ xs: sequence>
<xs:attribute name="isbn"
type="xs:1D"/>
</ xs: conpl exType>
</ xs: el enent >
<xs: el emrent nanme="VI DEO' >
<xs: conpl exType>
<XS:sequence>
<xs: el enment nanme="title" />
<xs: el enrent nane="actor"
m nCccur s="0"
maxQccur s="unbounded"/ >
</ xs: sequence>
</ xs: conpl exType>
</ xs: el enent >
</ xs: choi ce>
<xs:attribute name="itemo"
type="xs:1D"/>
</ xs: conpl exType>
</ xs: el enent >

Table5. XER Generalization and the corresponding XML schema

Other XER Concepts: Likethe ER model, XER can a so have weak entities, ternary rel ationships, and aggregations
having similar semantics. Due to space constraints, these have been omitted.

The following figure shows a complete XER diagram combining all of the constructs described here.
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Figure 1. A Complete XER Diagram

4. Trangation Between the M odel and I mplementa-
tion

Given any XML schemaor DTD, an equivalent XER can be constructed, and vice versa. In this section, we are
going to describe the basic strategies for translation in both directions. For simplicity's sake, the trandation from
aDTD or schemato XER would be considered a “reverse translation” or “up-translation”, and from XER to a
DTD or schemawould be considered a“forward translation” or “down-translation”.

4.1. UP-Trandation from DTD

Both DTDs and schema can be translated to XER diagrams. The translation process from aDTD to an equiva ent
XER diagram involves the following rules:

1. All parameter entities are expanded.

2. Every element that is not a#PCDATA (i.e., every composite element) istranslated into a XER entity.

3. #PCDATA elementsaretrandated to attributes of the XER entities corresponding to elementsthat they belong
to.

4. A uniontypeistranslated into ageneralization; an integrated union type may result in an unnamed generaliz-
ation.

5. Any repeated sub-element becomes a multi-valued attribute if the sub-element is a #PCDATA element. If
the sub-element iscomposite, it istrandated into a 1-M relationship. Participation constraints are appropriately
assigned depending on whether the element is required or not.

6. Mixed content is handled by making use of aspecial kind of entity (represented using asolid outer rectangle).
An EMPTY content group is trandated into an empty (i.e., no attributes) XER entity.
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The above rules can trandate a DTD into an equivalent XER. Further inspection of 1D references can be used to
create many-to-many relationships in this trandation mechanism as well. We purposely do not handle the ANY
content group, since ANY is arguably not agood design principle.

4.2. UP-Trandation from schema

For the ease of convenience, we only consider schema constructs that are translated into XER constructs. Some
of the specialized schema elements are not represented in a XER construct, but kept as properties of the diagram
for down-trandation. For example, the <s chena>element includesinformation about the namespace from which
the elements and the data types used in the schema are derived from. Thisinformation is kept in the property sheet
of the diagram, and can be shown as a footnote in the diagram. The following steps constitute the procedure for
an up-trandation from an XML schemainto a corresponding XER diagram:

1. A simpleeement becomesan attribute of the XER entity if it’ sapart of asequencewithin acomplex element.
If the simple element is a standal one element then it’ s model ed as the attribute of the root element. Datatypes
and other special properties associated with the simple element (such as fixed and default) are built into the
model.

2. Sincethe schemais converted into ENF, all XML attributes are converted to simple elements and the rules
for the simple elements will apply while converting the schema into a XER diagram.

3. XML schema supports a lot of restrictions that can be used to constrict the values that the elements of the
schema can accept. XER supports al restrictions that are legal in XML schema. Restrictions are handled by
specifying them in a separate dialog box called the attributes and restrictions template. Data types are not
displayed in XER and are handled similar to restrictions. Cardinalities (min and max Occurrencefieldsin the
schema) are also included as properties of the XER construct.

4. All Complex elements are modeled as entities. A complex element can be of one of the following three types:
a) Empty, b) Elementsonly, and c) Mixed content. The rulesfor converting mixed content and elements only
types are similar to the XER Entity described in the previous section. The empty element is modeled as an
empty XER entity.

5. Element groups are handled by modeling the group as an entity according to the rules defined above and then
creating relationships between this group and the elements which refer to it. Complex type indicators such
as <choi ce>and <al | >are handled by using generalizations and unordered entities as described in the
previous section.

5. Down-Trandation from XER

Thetrangdlation from XER to an equivalent DTD essentially reverses the process of the up-tranglation. In a down-
trangdation, one of the XER entities is designated as the “root” element of the schema, and the down-trandlation
proceeds by performing a depth-first search following the relationships and generating the appropriate schema
constructs represented within the XER components. Since all the XER components are unambiguously generated,
the reverse trandlation is also unambiguous. The forward tranglation incorporates any properties specified in the
entity or attribute property sheets, and generates appropriate constraints in the XML schema.

6. lmplementation of XER

Weimplemented a prototype of the XER creator using an embedded VBA (Visual Basic for Applications) applic-
ation with Microsoft™ Visio 2002. The VBA implementation of thistool iscapable of performing up-translations,
conversion of XML schemato XER diagrams and down-trandations, converting it back to XML schema. It can
also create new XER diagrams and down-translate them into equivalent XML schema.

Thistool provides amenu with options for up and down-translations. For up-translation a dialog box pops up and
the user can select the schema for converting to a XER diagram. The up-translation process starts from the root
element in the XML schema and proceeds in a depth-first fashion. The root element in the XML schemais also
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marked as the root entity in the XER diagram. The process of down-trand ation starts from the root entity and also
proceeds in the depth-first fashion while creating equivalent XML schema constructs as described earlier.

Thistool aso provides an option for adding and displaying properties like minOccurs and maxOccursto XER at-
tributes. The user is presented with amenu having the option of adding/displaying propertiesif he/she right-clicks
on the corresponding X ER attribute. The changes made in the propertieswindow arereflected in the XER diagram
by updating the cardinalities in the XER diagram. Initial experiments with this tool have shown the XER tool to
be quite robust in handling most types of schema nuances.

7. Conclusion and Future Work

XER provides a novel method for providing a conceptual presentation for XML. Typically XML document
structures are represented using DTDs or XML schema, both heavily textual formats and often fairly complex to
understand from the textual representation. We presented XER, an extension to the ER model to represent al the
nuances of XML, and provided mechanismsfor forward and reverse transl ations for going back and forth between
thevisual and textual views. XER also providesameansfor quality assessment of XML datadesigns. Our prototype
implementation is capable of performing dl the transformations presented in this paper, and has shown itsrobustness
by preserving the schema structure through multiple up and down-tranglations. An XML schema, reversetrand ated
into XER, and then forward trandated to a new schema generates an exact equivalent of the original.

Designing of amodel is only afirst step towards the creation of the model. For future research, we are planning
experimentsthat would compare X ER with other modeling tool s discussed in this paper. We al so need to incorporate
moreintricate XML concepts such as namespacesinto consideration in order to be fully XML compliant. However,
we are confident that XER can be a highly useful tool in the presentation of XML data models to devel opers and
users aike. In addition, we are working on incorporating support for relationships of arbitrary arity.
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