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Abstract may be significant, a conceptual model of data is neces-
sary before starting the implementation of those software
XML is able to represent any kind of structured or semi- components, calleML Processorg3], that process the
structured document, such as papers, web pages, databas¥ML documents. However, the tree-structure of XML doc-
schemas and instances, style-sheets, etc.. However, the treeiments, induced by mark-up nesting and usually adopted
structure of XML documents, induced by mark-up nesting, by XML parsers, does not provide a sufficiently expressive
does not provide a sufficiently expressive and general con-and general conceptual model of data in the documents, be-
ceptual model of data in the documents, particularly when cause concepts of a given type are dispersed in the tree and
multiple source documents are processed at the same timeit is not possible to view them as collections of homoge-
This paper proposes the ERXrtity Relationship for  neous concepts. This is particularly evident in the case of
XML ) data model, an evolution of the Entity Relationship XML processors that process multiple source documents at
model that copes with the peculiar features of XML. ERX is the same time: in fact, relationships between different doc-
devised to provide an effective support to the developmenument classes may be intricate to model and manage using
of complex XML processors for advanced applications. the tree representation.
This paper proposes the ERXrftity Relationship for
XML) model, an evolution of the Entity Relationship model
1 Introduction (see [2]) that copes with the peculiar features of XML. ERX
is devised to provide an effective support to the develop-

XML, the eXtensible Mark-up LanguadgS]) proposed ment of cpr_nplex XML processors for advancgd applica-
by the World Wide Web Consortium (W3C), is object of an tions, by giving a cpnceptual model to the collection of doc- _
increasing interest by researchers and industries. XML hasiMents that puts in evidence classes of concepts and their
been designed to become the format to exchange document&lationships, even across different classes of documents.

over the Internet, but is becoming a standard to represent . 1€ Paper is organized as follows. Section 2 discusses a
any kind of documents in any application domain. This is simplified, but inspired to reality, case concerning the treat-

due to the fact that it is able to represent any kind of struc- MeNt of papers and style-sheets. Section 3 introduces the

tured or semi-structured document, such as papers, manERX data model. Section 4 draws the conclusions.

uals, technical reports, web pages, database schemas and

instances (see XML-Data [9]), style-sheets (see XSL [1]), 2 An Example: Papers and Style-sheets

meta-data (see RDF [8]), etc.. As a consequence, new com-

plex and advanced applications designed to operate in Inter- In order to illustrate the ERX data model in Section 3,

net/Intranet environments are being developed, which usewe introduce a practical example.

XML both to exchange data with other applications and  Consider the problem of defining and processing style-

as an internal representation [5]. In many cases, such apsheets applied to documents. The goal of a style-sheet is to

plications deal with large repositories of documents, that provide style rules that are applied to a given class of doc-

must be maintained, consulted (see query languages [4, 7])uments; the style-sheet defines the way each element (tag)

and published (for instance via Internet) with different user- of the document will appear on the output device (e.g. a

dependent styles. HTML page displayed by a browser, but not necessarily).
Since the amount of data in such collections of docu- The aim of style-sheets is to separate the presentation of a

ments may be large and the structural complexity of datadocument and the content of the document.



<l-- The DTD -->

<IELEMENT BIBITEM (#PCDATA)> <PAPER name="sample doc">
<IATTLIST BIBITEM label ID #IMPLIED> <TITLE> o
<IELEMENT BIBLIOGRAPHY (BIBITEM)+ > Using bibliography  citations.

</TITLE>
<SECTION title="Introduction">
This paper shows how to use a

<IELEMENT CITE EMPTY >
<IATTLIST CITE label IDREF #REQUIRED >
<IELEMENT EMPH (#PCDATA) >

hypothetical
<IELEMENT SECTION (#PCDATA | CITE | EMPH)*> <EMPH> XML language </EMPH>
<IATTLIST SECTION title CDATA #REQUIRED > to describe
<IELEMENT TITLE (#PCDATA) > structured documents.
<IELEMENT PAPER (TITLE,(SECTION)*, </SECTION>
(BIBLIOGRAPHY)?) > <SECTION title="A Citation">
<IATTLIST PAPER name ID #REQUIRED> Here we have an example of

citation. We refer to Knuth's
paper which introduced the

Figure 1. The DTD for structured papers concept of attribute grammar.
This paper has the number

<CITE label="Knuth68"/> in
In our example, the class of source documents is consti- our bibliography.
tuted by papers. We show a sample paper in Figure 3. The ~ </SECTION>
XML structure of such a document is defined by the DTD <BIBLIOGRAPHY> . .
(Document Type Definitigrreported in Figure 1. A paper <B|Ii{T\/EMArI]abeII?= ASSLtJhQS >
is identified by its name (attributeame of tag PAPER. It Ve AN, R Se

. J. D. Ullman, "Compilers:
has a mandatory title as content of fHJ LE . The body of Principles, Techniques

the paper is constituted by a possibly empty lissettions Tools", Addison-Wesley, 1985.
each tagSECTIONhas a mandatory attributdéle , de- </BIBITEM>

scribing the section title. The content of a section can be a <BIBITEM label="Knuth68">
possibly empty sequence of generic tedPCDATA, em- D. E. Knuth, "Semantics of
phasized text (tagMPH and citations (tagcITE). While Context Free Languages”,
EMPHas only the content (the text to emphasigd)E is Mathematical System Theory,
an empty tag where attributabel specifies the label of Vol 2, pp. 127-145, 1968.
the cited bibliographic item. Finally, tHgbliographyis de- </BIBITEM>

scribed by a possibly missing and a non-emptyBHs8LI- </P;F/,?EIEI;IOGRAPHY>

OGRAPHXYvhich contains a non empty list bibliographic

items(tag BIBITEM ). The BIBITEM tag has associated a

possibly missing#IMPLIED ) attribute namedabel : if Figure 2. The XML version of the toy paper.

specified, this attribute identifies the bibliographic item and

can be referenced BQITE tags inside sections. The con-

tent of tagBIBITEM is the description of the bibliographic ~ Sentation style for a specific tag (or element) in the source

reference. document, called thiarget elementThe name of the target
The XML source of the paper displayed in Figure 3 is €lementis specified by the attributame.
reported in Figure 2. Consider the style for the elemeRITLE in the paper.

The firstALIGN tag changes the current style settings, in-
In the paper of Figure 2, nothing is said dicating that the title is centered in the page, while the tag

The style-sheet. ifios th bold f f it si :
about the presentation style of the document, which is spec-FACESpeC' les that a bold face font, with size 18 points,

ified by a style-sheet: it defines the presentation style of IS used. Tag:HIL(IjDREITIir(;di((j:a:]es that ﬂl]e childrenf_of the
papers, independently of the particular paper instance. tag aré processed, include the textua conteﬁtl_ﬁi E,

We adopt a sample style-sheet model, introduced by dis-that will bg displayed using the current style settm‘gls.(
cussing the style-sheet of Figure 4. This style-sheet is a toy-LLE .clont:;lns anly generic texu). .']I;o end thﬁ pfroce.ssmg of
case, defined for the sake of clarity; however, we inspired tothe tile, the alignment is set fostifiedand the font is set

fundamental concepts of XSL [1]. to normalwith size of 10 points.
The style for the target eleme8ECTIONspecifies that

The body of the style-sheet is constituted by a sequencethe section title is displayed using a bold character with size
of TARGET-ELEMENTags. Each of them defines the pre- of 14 points; observe the tayRITE-ATTR, denoting that



Using Bibliography Citations.

Introduction

This paper shows how to use a hypotheti®L languageto describe structured documents.
A Citation

Here we have an example of citation. We refer to Knuth’s paper which introduced the concept of attribute grammar. This|paper is
labeled [Knuth68] in our bibliography.

BIBLIOGRAPHY

[ASU85] A.V. Aho, R. Sethi, J. D. Ullman, "Compilers: Principles, Techniques, Tools”, Addison-Wesley, 1985.
[Knuth68] D. E. Knuth, "Semantics of Context Free Languages”, Math. System Theory, Vol. 2, pp. 127-145, 1968.

Figure 3. The formatted paper.

the value of the specified attribute is displayed with the cur- nected toX andY by solid lines; these lines are labeled
rent style settings. Then the t&g\CEsets again the char- with a cardinality constraint( /: u) , which specifies for
acter style tmmormalwith size of 10 points. A new line (tag each instance of entity (resp.Y’) the minimum number
NEWLINE is inserted and the children of the section are [ and the maximum number of associated instances Bf
processed (the textual contentECTIONis displayed us-  (resp. X). For example, the relationship nam€&dTED,

ing the current style settings). If a section contains empha-between the entitie€ITE andBIBITEM, says that an in-
sized text (tadeMPH, this text is displayed iitalic style. If stance ofCITE is associated to one and only one instance
a section contains a citation (t&TE), its label is shown  of BIBITEM (cardinality(1:1) ), while an occurrence of
between braces. Observe the use of VMRITE which BIBITEM can be associated to an unlimited number of oc-
writes a constant string, specified as attritatteng . The currences oCITE, even none (cardinalit§0:n) ).

style for the target eleme®IBLIOGRAPHY. is similar to A complex form of relationship is represented byea
the style for the target eleme®ECTION with the dif- lationship with alternativesan instance of an entity is
ference that the title is the constant stritR)BLIOGRA- associated with instances of alternative entiligsYs, ...,
PHY". Y,; the cardinality constraint foX considers all associa-
Finally, the style for the target elemeBIBITEM speci- tions of an instance ok with instances of any?, Y5, ...,

fies that the label is displayed in italic font between a pair of Y;,. An example is the case of an instance of er8§C-
braces, followed by the reference displayed in normal font TION, that can be associated to zero or more instances (car-
dinality (0:n) ) of entitiesCITE , EMPHbr PAR(this latter
3 The ERX Data Model describing text in sections) by the relationsBi@NTAINS
Orthogonally, a relationship can becantainment rela-
tionship Given two entitiesX andY’, a containment rela-

Th.'s section introduces the ERX data model. C:or.]celc.)tstionship fromX to Y denotes that in the source XML doc-
are discussed by means of the ERX model reported in Fig- ; N
ument each instance df contains instances df. Con-

ure 5, the data model for papers and related style-sheet in-_. . . .
. . ) tainment relationships are represented as normal relation-
troduced in Section 2. We consider the case of a processor, . : ; .
. . ships, except for the line on th¥ side, which becomes a
that manages a collection of papers, all referring to the same : .
style-sheet dashed arrow entering the rhomb. In figureCE)NTAINS
- ’ ) ) is a containment relationship; it denotes that entiG&BE
Entities. An entity describes a comple_x_ (structured) con- EppPHandPARare contained in SECTION Observe that
cept of the source XML documents. Entities are representethe nesting of tags in XML documents would suggest to ex-
as solid line rectangles; thelentlty name is inside the rectantensively use containment relationships in the ERX model;
gle. For example, a paper is an entity (the processor manyowever, during the definition of the model, one should try
ages a collection of papers), as well as a bibliographic ittmtqg apstract as much as possible the actual document struc-
and a section are entities. _ ture. This is why in Figure 5 only one containment relation-
An instanceof an entity.X is a particular occurrence of & shjp is used: in fact, from a conceptual point of view it is
concept in the source documents. For example, an instancge|evant to evidence that sections are structurally composed
item of Figure 2. for bibliographic items and style specifications this is not
Relationships. A relationship describes correlations exist- relevant, so that we obtain a more general model.
ing between entitieX andY'. A relationship is represented  agtributes. Entities can havattributes they represent ele-
as a rhomb labeled with the name of the relationship, con-



<STYLE-SHEET>

<TARGET-ELEMENT name="TITLE">
<ALIGN type="centered"/>
<FACE type="bold" size="18"/>
<CHILDREN/>
<ALIGN type="justified"/>
<FACE type="normal" size="10"/>
</TARGET-ELEMENT>
<TARGET-ELEMENT name="SECTION">
<FACE type="bold" size="14"/>
<WRITE-ATTR name="title"/>
<FACE type="normal" size="10"/>
<NEWLINE/> <CHILDREN/>
</TARGET-ELEMENT>
<TARGET-ELEMENT name="EMPH">
<FACE type="italic"/> <CHILDREN/>
<FACE type="normal"/>
</TARGET-ELEMENT>
<TARGET-ELEMENT name="CITE">
<WRITE string="["/>
<WRITE-ATTR name="label"/>
<WRITE string="]"/>
</TARGET-ELEMENT>

<TARGET-ELEMENT name="BIBLIOGRAPHY">

<FACE type="bold" size="14"/>

<WRITE string="BIBLIOGRAPHY"/>

<FACE type="normal" size="10"/>

<NEWLINE/> <CHILDREN/>
</TARGET-ELEMENT>
<TARGET-ELEMENT name="BIBITEM">

<NEWLINE/> <FACE type="italic"/>

<WRITE string="["/>

<WRITE-ATTR name="label"/>

<WRITE string="]"/>

<FACE type="normal"/> <CHILDREN/>
</TARGET-ELEMENT>

</STYLE-SHEET>

are the entity features that uniquely identify each instance
of the entity. For example, a paper is identified by attribute
name, as well as a style specification for a target (entity

TARGEY is identified by the attribute_name.

Attribute names are associated to a qualifier, which in-
dicates specific properties of the attribute. Qualifigty
and (l) denotes that the attribute required or implied
(i.e. optional), respectively; as an example, attribtiste
tle of entity PAPERIs required, while attribut@um of
entity NEWLINEis implied (=1 denotes that, if no spec-
ified, the default number of new lines is 1). The qualifier
(O) denotes that the attribute is arder attribute i.e. its
value is the order with which the instance of the entity ap-
pears in the document. The additional qualifiefunique)
can be specified for a non-key attribute (for key attributes it
is implicit), meaning that only one instance can have a given
value for the attribute (e.g. attribui@oel of BIBITEM is
implied, but if specified its value must occur for one biblio-
graphic item only). Finally, key attributes are qualified only
by (R) or(O) .

Strong and Weak Entities. There are two types of entities.
Strong Entities(denoted by thin lines) represent primary
concepts in the source documents. This is the case, e.g.,
of entity PAPER(recall that we are considering the case of
multiple papers processed at the same time) or style-sheet
targets (entityTARGEY.

Weak Entitiegdenoted by thick lines) are concepts de-
fined in the context of another concept. For example, a sec-
tion and a bibliographic item exist in a specific paper, hence
they are modeled by the weak entit@ECTIONandBIB-
ITEM, that are correlated with the strong entRAPER A
weak entity can be defined in the context of another weak
entity: weak entitieAR CITE, andEMPHare correlated
with the weak entitySECTION since they are defined in
the context of sectiors The implicit uniqueness constraint
of key attributes of a weak entit)f applies in the scope

Figure 4. The style-sheet of the example. of the stronger entityt”: this is denoted by an edge con-

necting the key attribute(s) of to the edge of the relation-
. : . ship connectingX to Y. For instance, therder attribute
mentary concepts associated to an entity. Attributes are rep entity SECTION ndicates the position of a given sec-

resented as small circles, labeled with the name, and con;. . = . )
nected to the entity they belong to by a solid line. tion inside a giverPAPER thus the same number of sec

. . tion can be associated to multiple sections, provided that
of :nstil:?el lsy,;;tfgtr)gttfﬁb%ft;(a“:lnLeg‘gs :gggie(::t? iézgtgjbutes they belong to different papers. This is valid also in case
bel of CI’TE But entity attributes can correspond to the of alternatives: inside a section, only one child can have a
textual conteﬁt of tags :)a/s well. For example tr?e content ofspecific position, either a citation or an emphasized text or

' L . a generic textRPAR. Finally, consider attributéabel of
tagEMPHSs represented by theontent  attribute of entity 9 RAR y

. . entity BIBITEM, qualified ag1U) : since it is connected
EMPHDifferently, the content of tagITLE is represented : :
. . ' . . . . he relationshiBIBLI weenBIBITEM and PA-
by attributetitte  of entity PAPERthis is correct, since in {o the relationshifBIBLIO betwee and

the DTD of Figure 1 one and only one instance of Tag PER the uniqueness constraint is applied only in the scope

: . : . of a paper (a specific label cannot appear in multiple bibli-
TLE is mandatory, and this tag contains only generic text. paper (a sp PP P
A special category of attributes is constitutedimy at- I Containment relationships are orthogonal w.r.t. weakness of entities.

tributes represented as black filled circles. Key attributes In fact, we might have strong entities (describing primary concepts) whose
instances appear inside other entity instances.




T name (R) order (O)
fitle () o—{ BIBLIO h lebel (1U)
PAPER BIBITEM

on) 1) o content (R)

(0:n)

order(O)

t_name (R) T (0:1) (0:1)
LIST REFERS TO order ©)  name(R)
(1:1) (1)
SPECS TARGET ‘T
Lf SECTION
| | | | I o ;

type(l) o—| | TARGETTO | (on), CONTAINS
size (l) FACE NEWLINE CHILDREN ALIGN WRITE | ELEMENT conent ®

Jfont(l) O‘num(l:l) gtype(R) string(l)cL Jaﬂr(l)

Figure 5. ERX conceptual model for papers and style-sheets.

ographic items of the same paper, but can appear in severainents in the paper through the interface, that hides to styles
papers). the actual model of targets; on the other side, an element in
Hierarchies. Specialization hierarchies are possible in the paperis correlated with the corresponding style through
ERX. If an entity X is specialized into several sub-entities the interface, that hides the actual model of styles. Note that

Y1, Ya, ..., Y,, this means that an instance of the super-entity there is no cardinality constraint on relationship edges con-

X is actually an instance of one of the sub-entifigs Y, nected to the interface: in fact, an interface is not an entity,

herited from) all the sub-entities, which can have specific at- terfaces clearly maintain a semantic distinction between the
tributes. For example, the style for a target is constituted by different parts of the model, but nevertheless they clearly
a sequence dtyle specificationgentity SPECS, which in put in evidence the correlations between these parts. Sec-
turn are either face specificatio®4CB), or new line spec-  Ond, interfaces give rise to the conceptvigw. the XML
ifications (NEWLINE, or references to childrerCHIL- processor may need operate only on a restricted view of the
DREN, or alignment specificationsALIGN), or write in- model, ignoring the rest of the model. For example, a sub-
structions (entiWRITE in which both tagdVRITEand  task of the processor may need to work only on the view
WRITE-ATTR are fused); notice the definition of specific conceming the styles, e.g. to build HTML templates that
attributes for sub-entities, which correspond to attributes of Will be successively instantiated.
the corresponding tags. Notes. Note that not necessarily all the tags present in
Interfaces. The last feature considered by ERX is the con- the source XML documents have a corresponding entity in
cept ofinterface An interface divides two parts of the con- ERX. This is the case of tagITLE : only one occurrence
ceptual model that correspond to different classes of sourceof it is certainly present in the paper, and its informative
documents, or parts that are homogeneous and semanticallgontent is described by a single attribute. Similarly, there is
different w.r.t. the rest of the model In the example of ~ notaBIBLIOGRAPHYentity in the model: ta@IBLIOG-
Figure 5, the right half of the figure contains the model for RAPHYis in effect a container of bibliographic items; thus,
papers, the left part of the figure contains the model for the entity BIBITEM suffices to represent this concept.
style-sheet. The interfad®ARGET TO ELEMENfepre- ERX does not provide specific constructs for concepts
sented by a dashed line rectangle) plays the following roles:like links, navigation, etc., which are concepts typical of
styles for targets (entitf ARGEY are correlated with ele-  web sites and thus too specific. This is coherent with XML,
2This is the case of SOX [6]. SOX documents define the structure of which is meant to provide a common -SyntaCtiC format t-o
XML documents, by means of é higher level description formalism than documems and O,'at"",? web pages and site contents constitute
DTD. SOX specifications can be completed by remarks, written in HTML. @ Particular application, but they are not the only one. In
Hence, there are two homogeneous sets of tags: those defining the structurtact observe that the three components of a web site (data
of documents, and those used for remarks. schema, presentation and navigation) can be designed us-




ing a high level, site-oriented, conceptual model [5]; this formalism is the first step toward the development of CASE
model can be described by three distinct, although corre-tools that automatically generate XML-ERX mappers.

lated, classes of XML documents. The XML processors

on the server-side may manage such documents by meanReferences

of the ERX data model; this way ERX can be exploited as
document oriented, server-side, data model, supporting the,
specific site-oriented conceptual model.

4 Conclusions and Future Work
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