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ABSTRACT

Maintenance of large Web sites is a complex task, similar
in some sense to software maintenance. Content should be
separated from the formatting rules, allowing independent
development and maintenance of both parts. As in software
maintenance, version management is important in order to
separate stable versions from versions under development.
Further a version model that allows alternative versions may
be used to support adaptation and personalization of Web
content and formatting. To fulfill this request, this paper
presents a Web server infrastructure to accomplish version
control and to support adaptation of Web pages in a way
that is transparent to the user. A version model that sepa-
rates page content and formatting in distinct components is
provided. A configuration is also proposed and it is respon-
sible for generating dynamic pages.

Categories and Subject Descriptors
H.5.4 [Document and Text Editing]: Version Control;
1.7.1 [Hypertext/Hypermedia]: Architectures

General Terms
Management, Design

Keywords
Versions, Configurations, Hyperdocument Model, Web Adap-
tation

1. INTRODUCTION

In order to attract visitors, the content of Web sites must be
maintained up-to-date and must be friendly presented. This
results are an increase on the number of pages and in the
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complexity of a Web site. Maintenance of large Web sites
becomes harder, and software tools that support site devel-
opment and maintenance are needed. A tool that supports
Web site maintenance is called a Web Content Management
System.

Separation between page components (for instance, content,
formatting, images) is an important feature of a Web Con-
tent Management System because it simplifies page main-
tenance to both humans and software tools. This separa-
tion may be (and usually is [18]) provided by storing page
content in XML documents and page formatting in some
stylesheet language like XSLT. Translation from XML to
HTML format using XSLT is a common way of presenting
XML document in a standard Web browser.

In many aspects, a Web site is similar to software [2]: both
have components that can be of many types and they are
maintained by teams of many developers. As in software
management, in Web site management the versioning of
components is a key aspect. Software configuration sys-
tems [10] usually store all states of program components
(e.g. modules, header files, etc.). The reasons for man-
aging multiple versions are manifold [27, 3, 17]: reuse of
versions, maintenance of versions already delivered to cus-
tomers, storage of back-up versions, or support of change
management. Storage of component history is also a key
feature in Web Content Management, because it allows the
Web site manager to roll-back to a preliminary state (ver-
sion) if some problem is found in the current state of the
document (or document component, including images and
other multimedia resources).

Another site requirement that is becoming common is page
adaptation or personalization [4] depending on user profiles.
Site adaptation or personalization allows the Web server to
provide content and formatting customized for a specific
class of users. A Web site with adaptation may have an
important advantage over its competitors in attracting vis-
itors. For example, pages with content that is specific to
some period of time (like promotions or holidays) can be
automatically published. Besides the period of time, adap-
tation may consider the user or the device that is requesting
a page and use this information to select the best version of
each page component. Adaptation may also consider cur-
rent server work load and provide a less resource intensive
page [1] if a server overload condition is detected.



In a standard Web server the construction of adaptive pages
is usually achieved by running some type of program or
script created specifically to this end. Although this is a
very flexible approach, it is error prone and requires skilled
developers.

When a page component has alternative versions, it is possi-
ble to combine versions of components to construct alterna-
tive versions of a page, thus providing support to the adap-
tation of pages. Most software configuration systems have
a configuration process, that chooses a version for each soft-
ware component and generates a complete program (config-
uration). A similar configuration process can also be im-
plemented for Web pages, if the Web server provides a ver-
sioning system that implements the concept of alternative
versions of pages together with a configuration process.

This paper presents a Web server infrastructure to accom-
plish version control and to support adaptation of Web pages
in a way that is transparent to the user. A version model
that separates page content from formatting rules is pro-
posed. This model is based on WebDAV [9], the standard
protocol used for Web versioning. A configuration process
is also proposed and it is responsible for generating dynamic
pages. Besides, the model provides resource properties and
version selection criteria leading to an automatic configura-
tion process.

The rest of this paper is structured as follows. Section 2
shows an overview of the proposed Web server infrastruc-
ture for supporting adaptation of Web pages. The proposed
version model as well as the automatic configuration process
are described in Section 3. An example of an application is
given in Section 4, in order to illustrate the different con-
cepts previously presented in Section 3. Section 5 provides a
comparison with work done by other authors while Section
6 discusses future work and summarizes the main ideas of
the paper.

2. THE WEB CONTENT SERVER ARCHI-
TECTURE

This section presents an outline of a content server archi-
tecture that provides version control and adaptation pages.
The users of the server are of two types: the Web site man-
ager (or simply designer) and the Web site visitor (or simply
user).
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Figure 1: Content server architecture

The general architecture of the server is depicted in Figure
1, in which the modules are presented in a bottom-up order.
The proposed infrastructure is an extension to the WebDAV
data model [9], the versioning standard for the Web. Web-
DAV (Web-based Distributed Authoring and Versioning) is

a network protocol that allows a user to update a site re-
motely and to control versions of the files (resources) stored
at the site. By adopting an accepted standard, we aim at
simplifying the implementation of our model.

Actually, the proposed infrastructure can be split into two
parts: wversion and configuration modules. The Version
Module implements the WebDAYV data model, coordinating
storage modules used to store versions content and storing
resource properties. The Configuration Module implements
all concepts of our extension to the WebDAV model, main-
taining consistency of associations between model concepts
and targets of references.

The Adaptation Module handles information that are used
to adapt pages and intervenes in the configuration process
by providing additional version selection criteria to the con-
figuration process. In this paper, the process of adaptation
is not discussed. We just present the infra-structure that is
needed to the adaptation module.

Finally, while the the Web Browser represents the applica-
tions used by user to see (adapted) pages, the designer can
access the server and manage the resource repository.

In the following sections we detail our model and we show
how the requirements explained here can be satisfied.

3. VERSION MODEL

This section presents the version model for supporting adap-
tation of Web pages. The main feature of the version model
is to provide alternative versions of content and formatting
components. Figure 2 shows (through an UML class dia-
gram) the main concepts of the proposed version model.
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Figure 2: UML class diagram of the simplified model

The proposed model is an extension to the WebDAV
data model. The WebDAV concepts, Resource, Property,
VersionControlledResource and Version are depcited
with a filled background in Figure 2. A Resource is a net-
work data object or service that can be identified by an URI
(Uniform Resource Identifier). Resources can have associ-
ated descriptive information (metadata), given in form of a
name/value pair, represented by the Property class in Fig-
ure 2. A VersionControlledResource is a resource that has
all its states controlled by the server, i.e. when the state of
a version-controlled resource is modified, the previous state
is not overwritten and the new state is also stored. Each
state of a version-controlled resource is called Version re-
source. Versions are logically arranged as a graph, where



each version is a node and arcs are derivation relations be-
tween versions (this association as others concepts of Web-
DAV are not shown in Figure 2 due to space restrictions).
Each version-controlled resource has a version considered as
its current version. Each current version is automatically
maintained as the most recently created and it is indicated
by a checked-in association in Figure 2. By specializing
versions we can also specialize version-controlled resources.
Hereafter, all concepts of the proposed model that are re-
sources were specialized from the Version class.

The proposed model is based on references that relate the
page components. The Page class is a resource that rep-
resents a Web page to the designers. The Reference class
relates its containing resource (source) to its target resource
(association in Figure 2). The page has two references, one
to its content, which is an XML document that stores the
page content, and other to its formatting, which is an XSLT
stylesheet (or some other presentation format) that contains
the formatting rules for the page. They appear as associa-
tions in the UML model. This way, the page content and
formatting can be independently handled, simplifying both
development and maintenance.

In addition, since content and formatting can be included
in other XML documents and XSLT stylesheets, we define
the fragment concept, represented by the Fragment class in
Figure 2. Similar to the page modelling, content and for-
matting are also separately kept in the fragments, as shown
in Figure 2. Besides, a fragment may have references (in
its content) to other fragments of the same type (content or
formatting) in order to include them. The sourceFragment
association in Figure 2 represents a list containing all the
references of a source fragment.

When a hyperdocument having versions is used as a compo-
nent of another one, references to it can be made in one of
two ways: reference to a specific version, named static refer-
ence, or reference to the version-controlled, named dynamic
reference. In a composed hyperdocument, in which compo-
nents can contain versions, a configuration process selects
exactly one version of each of its components. Dynamic ref-
erences must be solved and the system must choose a version
according to some pre-defined criteria.

The default behavior of the configuration process is to
select the most recent version for each referred version-
controlled resource. However, this behavior is not always
appropriate as the configuration process does not try to
select the best version. Thus, there should be means to
intervene in this behavior. In order to solve this prob-
lem, designers can associate version selection criteria (the
VersionSelectionCriterion class, in Figure 2) that guides
the process choice of suitable versions for page configuration,
similar to a query in a database system. Using version selec-
tion criteria it is possible to choose the most suitable versions
even if new versions are created later. Versions are chosen
based on their properties as specified by the version selec-
tion criteria. Besides, depending on its scope, a criterion
can be local or global (localCriteria and globalCriteria
associations in Figure 2). The local criteria are used just in
one reference solution. Otherwise, global criteria are used
to solve all references of a page request.

A criterion may also specify a constraint or a preference.
For instance, as a component can include many others, it
would be boring to a designer to specify the same criterion
to each reference. In this case, the designer can specify a
global criteria that will be considered in the resolution of all
references. A constraint specifies a feature that the selected
version must fulfill. This means the criterion is mandatory
because it represents a consistency rule that must be satis-
fied (the Constraint class in Figure 2). A preference speci-
fies features that are desirable in the selected version. This
means the criterion is optional if it specifies just a preference
that should be satisfied but is not required. The Preference
class has an attribute priority that indicates its impor-
tance; it is used by the configuration process to establish
the order of the preferences evaluation.

We also model a resource that stores the criteria separated
from the fragments. This resource is called reference list
(ReferenceLlist in figure 2). It has a list in which the el-
ements (ReferenceOrder) are all the references of a source
fragment (association sourceFragment). The order of the
references (order attribute of ReferenceList) in the refer-
ence list is the same the in the source fragment. For each
reference, the reference list also stores its version selection
criteria. Thus, an author may edit the reference list to spec-
ify the version selection criteria for the references of the
fragment.

A fragment has an association (called referenceList) with a
version-controlled resource that is its reference list. When
a fragment is created or updated, the Web server must au-
tomatically extract the references from it; the server must
use these references to create the reference list (version-
controlled resource). The reference list and the fragment
must be associated by both associations referenceList and
sourceFragment.

The association referencelList is used by the configuration
process to locate the current version (association checked-
in) of the reference list. The process needs the reference list
in order to get the criteria to resolve the references. The
association sourceFragment allows an author to locate the
fragment whose references were extracted from. It cannot
be done through the association checked-in because this as-
sociation is unidirectional, and can not be accessed by the
current version of the reference list.

The Web server (or a module that is in charge of adaptation)
can specify global criteria in order to lead the configuration
process in generating adapted pages. In this case, the crite-
ria are provided to the process as arguments.

In addition, the Web server (or adaptation module) may
provide to the process a set of environment properties. The
environment properties represent information about the user
needs, for instance, the preferred language. Thus, the crite-
ria may use the environment properties to express the fea-
tures that suitable versions should have. This way, the de-
signer may also specify criteria that generate adapted pages.

4. DYNAMIC CONFIGURATION PRO-
CESS



This section explains the proposed version model for sup-
porting adaptation of web pages through a series of exam-
ples and illustrates how it can be used independently for
supporting adaptation of Web page content and formatting.
We consider as example the creation of a Web site that con-
tains news, in which the following aspects of the page are
adapted: (i) content language, there are two alternatives
(English and Portuguese); and (ii) page format - there are
two formats, one for presentation on a Web browser and
other for presentation on a mobile phone.

The examples show several versions of the page. Example 1
shows the page separated in its content and formatting com-
ponents. Examples 2 and 3 demonstrate the configuration
process while Examples 4, 5 and 6 demonstrate the specifica-
tion of a version selection criteria by a page designer. Each
example represents the result of a step in the construction of
the Web page, for which it is presented a figure that depicts
the resources and versions of the page and its components.

The following conventions for graphical representation are
adopted. Version-controlled resources are shown as large el-
lipses with its name on top (depending on the type of the
component, the ellipses are filled with a different style). In-
side ellipses, there are circles representing versions. Ref-
erences between resources are represented by solid arrows
pointing from the referrer (source) to the referred (target)
resource.

Example 1 In the first example we show the separation
of a Web page in components. Figure 3 illustrates the
separation of the Web page in three version-controlled re-
sources: (i) the page resource (news.page), (i) the con-
tent resource (news.xml), and (%) the formatting resources
(news.xslt). The first version of the page resource has a
reference to first version of the content resource, as well as
a reference to the first version of the formatting resource.
Versions properties are presented textually. For instance,
the news.xml(1){getcontenttype: text/xml} string in-
dicates that the first version of the news.xml resource has
a getcontenttype property with ”text/xml” value. The
WebDAV-defined getcontenttype property indicates the for-
mat of the resource content.

Version properties:

news.xml(1) {getcontenttype: text/xml}
news.xslt(1) {getcontenttype: text/xsl}
news.page(1) {getcontenttype: text/page}

Figure 3: A page decomposed in content and for-
matting components

Example 2 The target of a reference may be a specific ver-
sion, as in the example 1, or a version-controlled resource as
we will show in this example. The goal of this example is
to show the way references to version-controlled resources
are resolved and how configured pages are generate due to
a user request. Figure 4 illustrates a new version (2) of
the page resource. Versions belonging to the same version-
controlled resource are related by derivation relationship,
being denoted by dotted arrows. The sucessor versions are

indicated by the dashed arrows. There are two references
from the second version of the news page to the version-
controlled resources with page content and formatting.

Version properties:
news.xml(2) {getcontentlanguage: en}
newx.xml(3) {getcontentlanguage: pt}
news.xslt(2) {outputformat: text/vnd.wap.wml}
news.xslt(3) {outputformat: text/html}

Figure 4: References to version-controlled resources

The content resource now contains two new alternative ver-
sions (2 and 3). Suppose that the second version is written
in English and the third version is written in Portuguese.
The language is indicated by the WebDAV-defined getcon-
tentlanguage property. The formatting resource now also
contains two new alternative versions (2 and 3). Suppose
that the third version is written to translate news.xml ver-
sions to HTML and the second version is written to translate
them to WML. The output format generated by the format-
ting versions is indicated by the author-defined outputformat
property.

It is important to notice that when a version-controlled re-
source is required by an user (for instance, a Web browser),
the behavior of a WebDAV server is to reply with the cur-
rent content (current versions are been shown through a
dashed border) of the version-controlled resource. However,
when a page is required by the user, the configuration pro-
cess is performed to solve the page references that point to
version-controlled resources, in which the default behavior
is to select the most recent version. In the Figure 4, for
instance, if news.page is required, the configuration process
will choose the second version of the page once that it is the
current one. Then, references of the second version will be
solved by selecting the third version (the most recent one)
from both news.xml and news.xslt resources.

After the configuration process is performed, the server will
apply the formatting rules specified by news.xslt (version
3) to the page content (news.xml, version 3), sending the
result to the user. Thus, by using the default behavior, an
HTML page written in Portuguese is generated.

Example 3 In this example we show how the configura-
tion process may be guided and used to adapt pages. Since
not always the default behavior of the configuration process
is adequate, for instance, a user (or an adaptation module
in the Web server) may request a page written in a lan-
guage that deviates from that generated by the default be-
havior.Thus, there must be a way to modify this behavior,
guiding the configuration process in selecting suitable ver-
sions.

Interventions in the behavior of the process are specified by
version selection criteria. These criteria are expressions that
relate version properties and guide the process in choosing
suitable versions for page configuration. Figure 5 shows the
version selection using the getcontentlanguage=’en’ crite-
rion. This criterion specifies that versions in English should
be used if available, i.e., it specifies a preference in version



Version properties:

news.xml(2) {getcontentlanguage: en}
newx.xml(3) {getcontentlanguage: pt}
news.xslt(2) {outputformat: text/'vnd.wap.wml}
news.xslt(3) {outputformat: text/html}

Figure 5: Version  selection
getcontentlanguage=’en’ criterion

using the

selection. This criterion must be provided to the configura-
tion process by some process that is in charge of adapting
Web pages. In this figure, dashed arrows are used to indicate
the version that is selected by the configuration process.

Using this criterion, the process selects version 2 of news .xml
because this version has the value ’en’ (English) for the
getcontentlanguage property. However, since none of the
versions of news.xslt has the value ’en’ for the getcon-
tentlanguage property, version 3 (the most recent one) is se-
lected. This means that there are no formatting rules that
are specific to the English language. Thus, by using the
provided criterion, a page written in English is sent to the
user, instead of a page written in Portuguese, as it is the
case when the default behavior is used.

In this example we also show that the content of a page may
be adapted, in this case using the alternative versions of the
content resource. In an analogous way, the formatting of a
page may also be adapted. For example, a page can be seen
on a Web browser or on a cellular telephone: depending on
the client display device, a suitable version of the formatting
rules must be selected.

Example 4 In this example we show that versions of con-
tent or formatting resources may contain references to others
resources. We also explain how a designer may specify the
criteria to select a consistent pair of versions, when a version
refers to a version-controlled resource. The formatting ver-
sions shown in Figure 6 refer to a logotype image (GIF and
WBMP) (some elements that do not change in the transi-
tion from one example to the next are omitted for the sake
of clarity). It is necessary to intervene in the configuration
process in order to assure that the consistent pair of the for-
matting rules and the logotype image are correctly chosen.
The configuration process must choose: (i) the third version
of formatting (that generates HTML) and the second ver-
sion of logotype (in GIF format), or (i) the second version
of formatting (that generates WML) and the third version
of logotype (in WBMP format).

[getcontenttype=
‘image/gif’]

[getcontenttype=
Version properties: 'image/vnd.wap.wbmp']
news.xslt(2) {outputformat: text/vnd.wap.wml}

news.xslt(3) {outputformat: text/html}

logotype(2) {getcontenttype: image/gif}

logotype(3) {getcontenttype: image/vnd.wap.wbmp}

Figure 6: Criteria for solving a single references

In order to specify this constraint, local criteria may be as-

sociated to the formatting references. Figure 6 shows an
example of local criteria (between square brackets) associ-
ated to references. Each criterion specifies that the version
chosen as the reference target must have a content corre-
sponding to the referred version of the formatting.

Formatting versions could, of course, refer to specific logo-
type versions to get consistent pairs. However, if a specific
version is referred (as in figure 6) it is used, i.e., configuration
process does not try to select the best one. It is not desir-
able because new improved versions of the logotype could
be created in the future and this improvement would not
be perceived by clients. Using version selection criteria it
is possible to choose the most suitable versions even if they
are created later.

Example 5 In this example we explain the use of a global
criterion. An designer should specify such criterion in a gen-
eral way, what requires that the source and target versions
of a reference could be denoted. Thus, the language used
to express the criteria must support the indication of such

resources.

{target.getcontenttype="text/xsl' > _———_
~Nnews xsl
target.outputformat= =

Version properties:
news.xslt(2) {outputformat: text/vnd.wap.wml}
news.xslt(3) {outputformat: text/html}
template.xslt(2) {outputformat: text/ntml}
template.xslt(3) {outputformat: text/vnd.wap.wml}

Figure 7: Specifying criteria to resolve all refer-
ences.

Besides references to images, XSLT stylesheets may have ref-
erences to other stylesheets, usually references for inclusion,
using zsl:include or zsl:import tags [8]. This is useful when
some transformation rules are used in several stylesheets,
so they are grouped together in one or more stylesheets to
be reused. In figure 7, there is a new formatting resource
(template.xslt) that serves as a template for generating
the page header and footer. It also has two alternative ver-
sions, one that generates HTML formatting and other that
generates WML formatting.

Similar to the consistency problem in the references from
news.xslt versions to logotype (example 4), the consis-
tency between news.xslt versions and template.xslt can
be guaranteed by specifying local criteria. As a stylesheet
can include several others, it would be boring to an author
to specify the same criterion to each reference. In this case,
an author can specify global criteria.

Figure 7 also shows a designer-defined global criterion (be-
tween curly brackets) associated to the page. Notice that
it is necessary to denote the source and target of the ref-
erence. The criterion specifies that: if a target version is a
XSLT file, it must generate the same type of formatting that
the source version does. This global criterion is a constraint;
an example of a preference is given in figure 5. This figure
also shows that there is no special notation to differentiate
constraints and preferences.

Example 6 In this example we show the use of enwviron-
ment properties in the specification of version selection cri-
teria. Figure 8 shows a new version-controlled resource



(bargraph) that is an image of a bar graph with statisti-
cal information. It is referred by the versions of news.xml
and has two alternative versions: one (2) in GIF format and
other (3) in WBMP format.

{outputformat: text/vnd.wap.wml; getcontentlanguage: en}

{target.getcontenttype="text/xsl' =
target.outputformat=source.outputformat}

[target.outputformat=environment.outputformat]

[target.getcontentlanguage=environment.getcontentlanguage]

{environment.outputformat="text/vnd.wap.wml' * target.getcontenttype!="text/xml' =
. . target.getcontenttype='image/vnd.wap.wbmp'}
Version properties:
news.xml(2) {getcontentlanguage: en}
newx.xml(3) {getcontentlanguage: pt} E
news.xslt(2) {outputformat: text/vnd.wap.wml} M
news.xslt(3) {outputformat: text/html}

l ba !i %
bargraph(2) {getcontenttype: image/gif} Ili !Q

bargraph(3) {getcontenttype: image/vnd.wap.wbmp}

Figure 8: Using environment properties in the cri-
teria specification.

This is an interesting example because the image is referred
by versions of the content instead of by versions of the for-
matting. When the references are resolved, the selected ver-
sion of the image must have a different format depending
on the user device. However, device-dependent formats are
usually handled by the formatting part of a page.

In order to ensure the generation of a consistent page, the
author can specify criteria using the environment proper-
ties. In figure 8, the outputformat and getcontentlanguage
environment properties are shown (between curly brackets
on top of the figure). These properties are denoted in the
criteria as properties of an environment resource, however
it actually does not exist. The getcontentlanguage property
indicate that the user prefer a page with content in English.
The outputformat property indicate that the user is using
a cellular telephone to display the page, thus a page with
WML format is required.

A local criterion using the environment property outputfor-
mat was associated by the author to the reference between
news.page and news.xslt (between square brackets in fig-
ure 8). It requires that the chosen XSLT version must gener-
ate the same format required by the request context (repre-
sented by the environment resource). This criterion is able
to adapt the formatting of the page. An analogous crite-
rion was associated to the reference between news.page and
news.xml.

Turning back to the problem of choosing a version of the
images referred by the content versions, an author can use
the environment properties to specify a suitable criterion. In
this case, a global criterion similar to that shown in figure 7
is used. This criterion (in figure 8) is slightly harder than
that, however it does the job. It requires that, if the target
version of a reference doesn’t contain an XML document
(i.e., it is an image) and the environment requires a page
in WML format, then the target version must contain a
WBMP image. A similar criterion can be specified to select
GIF images when generating HTML formatting.

In summary, the proposed model supports a page configura-
tion process and is based on references and version selection
criteria. Inputs to the process are:

e a URI, indicating the page to be configured;

e a set of environment properties, providing information
about the context of the page request;

e two sets of global criteria (one for content and other
for formatting), to guide the process in resolving the
references.

References to version-controlled resources can have version
selection criteria associated with it. Considering its scope,
a criterion can be:

e global, associated just to the page; in the configura-
tion process run-time, the global criteria defined by
an author are added to the criteria input sets (gener-
ated by the server) and used to resolve all references
to version-controlled resources;

e local, associated to any reference; it is used to resolve
just the reference to what it is associated with.

A criterion can also be classified in:

e constraint, representing a consistency constraint that
must be obeyed;

e preference, representing a preference that should be
satisfied.

5. RELATED WORK

The importance of managing versions of hyperdocuments
was recognized since the eighties when Halasz [16] advo-
cated the use of versioning as an important requirement
of hyperdocument systems. From then on, several version
models for hyperdocuments have been proposed. In the ver-
sion model for hyperdocument context, one notable pub-
lished model was that of HyperPro [22], a hypertext system
concerned to reduce the cognitive problems and disorienta-
tion aggravated by version proliferation of hyperdocument
components. CoVer [14, 15]( Contextual Version Server) is
another much cited model that maintains context informa-
tion with the versions that guides version creation helping
in its identification. CoVer has an interesting task concept
(composed of versions) that represents coordinated modifi-
cations to some objects (nodes and links) in order to im-
plement a modification to the document. An interesting
feature of NCM [25] (Nested Context Model) is the sepa-
ration of content and formatting of hyperdocuments. For-
matting (presentation specification in NCM) is associated
to links and composite nodes and refers to the target node
of links or components of composite nodes. GDOC [13, 21,
23] (Document Management) is a system for authoring and
storage of structured documents to be used in an Intranet.
GDOC does not just separate content and formatting but
also schema (composition structure) of documents. Format-
ting can be shared by many documents, however, like NCM,
GDOC does not keep formatting under version-control.

As shown, some models do not separate content and for-
matting of hyperdocuments. Others do it, but do not main-
tain versions of formatting components, which is important



in page maintenance. We believe that our model is more
general than those mentioned above as it separately treats
content from formatting besides of providing a version man-
agement in order to distinguish stable versions from versions
under development.

Recently, some XML-specific version models emerged, for
instance RBVM [5] and SPaR [6, 7], in which the main fo-
cus is in storage and search of data represented as XML
documents. Our model also adopts the same style concern-
ing XML documents treatment, but, in contrast to the ap-
proaches above, the best achievement of our model is to
separate content and formatting in to distinct components.

In order to represent hyperdocument components, a version
model must support a configuration process with informa-
tion for selection of suitable versions of page components.
There are many software configuration management systems
that employ alternative approaches to handle versioning and
configuration. A survey of configuration management issues
can be found in [10, 28]. Configuration can be manual, as
in COOP/Orm [19] or through an automatic process as it
is done in software process. This process can select versions
using some default criteria, for instance selection of the most
recent version (e.g. RCS [26]). Otherwise, the user can spec-
ify features that selected versions are required to present, for
instance Adele [11] and ICE [29, 30]. Névrat’s method for
version selection [20] is not a complete configuration pro-
cess, but a way of selecting a version given a version set
and a list of criteria. The configuration process adopted by
our version model is based on Navrats method, that allows
generating the dynamic pages during Web page adaptation
process. However, some modifications to that method were
made to adequate it to the proposed model. For instance,
heuristic functions were replaced by expressions (criteria)
and several constraints are allowed instead of just one. This
simplifies the criteria specification because a complex crite-
rion can be broken in to many ones. A constraint is not
required, so the versions can be selected based just on pref-
erences. After the configuration process have processed the
page references, it has completely defined content and for-
matting of the page. Then the Web server (or an adaptation
module) may use a XSLT processor to apply the configured
formatting rules to the configured content and may send the
configured page to the user. Thus, the dynamic page gener-
ation is the main contribution related to the configuration
mechanisms presented in this paper.

6. CONCLUSION AND FUTURE WORK

This paper describes a version model that allows alternative
versions, thus supporting adaptation and personalization of
page content and formatting rules. The proposed model is
consistent with the accepted standard WebDAV, simplifying
its the implementation. A configuration process is also de-
scribed and it is responsible for generating dynamic pages.
Besides, the model provides resource properties and version
selection criteria leading to an automatic configuration pro-
cess. The main contribution of this paper is to provide a
Web server infrastructure to accomplish version control and
to support adaptation of Web pages in a way that is trans-
parent to the user.

The proposed model differs from the others by separating

Web content and formatting. In this aspect, the proposed
model is very attractive since it can be used in maintenance
of large Web sites, in which one of the major needs consid-
ering to automate site maintenance is to be able to inde-
pendently adapt and personalize the Web page content and
formatting.

We have partially implemented a prototype Web server to
show the feasibility of our model and in the process have
come up with our own version model and automatic con-
figuration process. The prototype used just standards as
WebDAV, XML, XSLT, XPath. However, we noticed a poor
performance in the configuration process due to specific fea-
tures of the implementation. Although it could be improved,
the process relies on the XSLT processor that has a poor
performance by nature. Then, it is important to investigate
and evaluate alternative ways to improve the Web server
performance. Initial ideas involve request predicting [24], a
priori configuration and caching.

Ongoing work is on an extension of the presented version
model in two directions. First, we are considering the gen-
eration of a schema or summary of the structure of a docu-
ment in order to allow constructing a XSLT stylesheet that
transforms correctly any XML document according to that
schema. However, the proposed model does not require that
XML content conforms to a DTD. We consider that this is
not a practical requirement once that the structure of the
documents undergo frequent changes, demanding that the
DTD should also be update frequently. Then, our goal is to
generate a schema from versions of an XML document, in a
similar approach to that of Data Guides[12]. Second, we in-
tend to allow the configuration process to include additional
formatting fragments to the configured formatting, even if
it is not directly referred by the formatting fragments. We
expect that this can be done based on the structure of the
configured content. Thus, it could be used to format spe-
cific parts of the content. For instance, if a specific fragment
appears in the configured fragment, an stylesheet could be
included in the configured formatting. In addition, it could
be an alternative way to construct (configure) the formatting
rules. Also, and not less important, we intend to introduce
a formal semantics in order to precisely define the version-
ing and configuration process. This is required in order to
investigate the version model issues rigorously.
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