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1 INTRODUCTION

There are several advantages in being able to separate the structural information of
a hypermedia document from the specification of the actual presentation of the doc-
ument [17]. For example, one style can be applied to multiple documents, so that
changing the style for all documents requires only a single change to the style infor-
mation. Alternatively, a single document may have multiple styles tailored to different
presentation platforms such as large screens, small screens or paper.

Separation of structural and style information has long been commonplace for text,
and can also be found in many hypertext models. For example, the Dexter hypertext
reference model [7] separates the structural information of the storage layer from the
style and layout information encoded in the presentation specifications. In most hyper-
media design models, including RMM [12] and HDM [5], the two types of information
are designed during different phases of the design process.

Style sheets are frequently used to specify style information separate from the struc-
tural information. For example, on the Web Cascading Style Sheets (CSS [13, 2]) are
used to describe the appearance of HTML documents. While CSS is designed primar-
ily for describing how HTML documents should be formatted by Web browsers, other
applications require style sheets to be applicable to more than one class of documents.
The electronic publishing community, for example, uses many SGML document types
other than HTML. Instead of developing a style language for every single document
type, DSSSL defines a language which can be applied to any SGML-defined document
type, including HTML.

Given the number of different hypermedia models and applications that exist today,
being able to define style sheets for different document types is an important feature
of a hypermedia style sheet language. However, it is not sufficient to fully qualify as a
hypermedia style sheet language. For example, a DSSSL style sheet defines a mapping
from the source document to a common abstract output model. This output model
is page-based, that is, it describes the output of the formatting process as a sequence
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of pages, columns, footers, etc. Thus it is not suited as a style sheet language for
documents that require the synchronized presentation of hyperlinked media items —
for which we use the term hypermedia.

In this article we describe current style sheet languages, identify the areas in which
these languages are too limited to be applied to hypermedia, and introduce a solution
to overcome these limitations. To illustrate the discussion and our proposed solution,
we use a running example of a hyperlinked multimedia presentation on the World Wide
Web.

2 CURRENT STYLE SHEET LANGUAGES

Currently, three style sheet languages are important in respect to their use in hyperme-
dia. These languages are CSS, DSSSL and XSL.

2.1 CSS

The World Wide Web Consortium defined a number of formats based on the idea of
Cascading Style Sheets (CSS). CSS level 1 (CSS1 [13]) is an official W3C Recommen-
dation and defines how multiple style sheets can be applied to determine how an HTML
document is to be displayed on the screen. A number of extensions to CSS1 are cur-
rently being developed. These include constructs which allow high-quality printing of
HTML documents, positioning of HTML elements on the screen and speech-synthesis
of web documents (e.g. for visually impaired users). All of these extensions are part of
CSS level 2 (CSS2 [2]).

As its name suggests, one of the advantages of CSS is the concept of cascading,
which allows multiple style sheets to be applied to the same document. Other advan-
tages of CSS are:

• CSS uses a straightforward syntax which can be used by most HTML authors.

• A large part of CSS has already been implemented by the major browser vendors.
While some compatibility problems still exist, CSS is used by a large number of
Web-sites. Literature, documentation and example material is readily available
on the World Wide Web.

The main limitation of CSS, that it handles only HTML documents, is due to its sim-
plicity. While CSS is in principle applicable to document formats other than HTML,
in practice it is only used in combination with HTML documents. A CSS style sheet is
unable to change the structure of, or the elements within, the document tree — it only
modifies their associated style properties. For example, a horizontal rule in the input
document remains a horizontal rule in the output document. A CSS style sheet cannot,
for instance, map it to a page break in a printed version of the document. To be appli-
cable to a wide variety of document formats, a style sheet needs to be able to transform
the elements of a foreign document type, i.e. those not recognized by the browser, to
those elements which are supported by the browser. Given the wide variety of hyper-
media document models, a generally applicable hypermedia style sheet language will
have to support this type of transformations. An example of such a language is DSSSL.
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2.2 DSSSL

The Document Style Semantics and Specification Language (DSSSL [11]), is an inter-
national standard developed to provide a style sheet language for SGML documents.
DSSSL consists of two parts, a tree transformation process that can be used to manipu-
late the tree structure of documents prior to presentation, and a formatting process that
associates the elements in the source document with specific nodes in the target repre-
sentation — theflow object tree. DSSSL specifications are device-independent pieces
of information that can be interchanged between different platforms. The back-end
formatters needed to generate the final form of the document (e.g. PostScript or Rich
Text Format, or a presentation on a computer display) are not standardized by DSSSL.
Advantages of DSSSL include:

• A DSSSL style sheet may map elements from its input document to arbitrary
elements in the output model. In this way, DSSSL makes no assumptions about
the structure of the input document and, in contrast to CSS, is applicable to
(SGML) document types other than HTML.

• The DSSSL query language gives the style sheet full access to both the content
and the structure of the document my means of a powerful query language.

• DSSSL style sheets are typically device and platform independent. For example,
a PDF version on a Unix back-end and an RTF version on a Windows back-end
can be generated from the same SGML document and the same DSSSL style
sheet.

Important disadvantages of DSSSL are:

• DSSSL uses a side-effect free Scheme dialect to specify the layout of a docu-
ment, which is very different from the point-and-click approach most authors
are familiar with. Furthermore, a thorough understanding of DSSSL’s interface
to the SGML document structure requires expert knowledge of SGML. Because
DSSSL is a relatively young standard, there is still very little literature, documen-
tation or examples about the practical application of DSSSL. The transformation
process is not implemented by publicly available tools, and applications of the
formatting process on an industrial scale are scarce.

• DSSSL formatting can be device independent because style sheets convert to
the same output mode — DSSSL’sflow object tree(FOT). The FOT defines an
abstract, page-based output model which needs to be converted to a concrete
output format by the back-end of the DSSSL engine. As a consequence, the for-
mats which can be generated on a particular platform depend on the back-ends
available for that specific platform. Documents formats which cannot be mod-
eled by the flow object tree need to define (and implement) application specific
extensions to the flow object tree.

• The use of DSSSL to generate HTML documents is rather cumbersome. Since
DSSSL’s transformation language is not widely implemented, people use the
DSSSL formatting language to generate HTML from other SGML documents.
Because HTML’s structural elements are not included in the standard DSSSL
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flow object tree (which contains only layout objects and no structural elements as
titles and ordered lists), this process requires implementation-specific extensions
to the standard set of flow objects. As a result, it is unlikely that these style sheets
can be processed by other DSSSL engines.

2.3 XSL

The eXtensible Style sheet Language (XSL, [1]) is a proposed style sheet language for
XML documents. Because the tags used in an XML document may vary from appli-
cation to application, a style sheet should provide a mapping from the set of elements
used in the XML document to the set of elements known to the browser. CSS is not
sufficiently powerful to provide such a mapping. While DSSSL can provide these map-
pings, it is considered to be too complex, especially in environment where most XML
applications will originate from an HTML background.

XSL will therefore be based on DSSSL, but with some important differences:

• XSL will use only that part of DSSSL that is needed to specify the online display
of and a minimum set of printing utilities for XML documents on the World Wide
Web.

• XSL will provide an XML-based syntax as an alternative to the Scheme-based
syntax of DSSSL.

• To simplify the targeting of HTML as the output format, XSL will extend the
set of flow objects offered by DSSSL with a set of HTML flow objects. These
objects will have characteristics based on the attributes of the HTML objects,
extended with their properties as defined by CSS.

With these extensions, XSL will have several advantages over the current DSSSL stan-
dard:

• The translation of existing CSS style sheets to XSL can be done automatically.
This will reduce initial barriers to adoption, especially for Web sites with a large
installed base of CSS style sheets. Since the translation from XSL’s tagged syn-
tax to DSSSL’s Scheme syntax (and vice versa) can also be automated, XSL style
sheets can easily be reused by current DSSSL implementations.

• XSL’s tagged syntax looks more familiar to HTML users than DSSSL’s Scheme
syntax. Additionally, since XSL style sheets will be proper XML documents,
they can be readily parsed by current XML parsers.

The extensions XSL makes to DSSSL are expected to be incorporated into DSSSL
during the next corrigendum, which would make XSL a proper subset of DSSSL.

2.4 Evaluation

When we compare the three style sheet languages above, we see important differences
in their processing models. First of all, the CSS output model implicitly contains
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HTML elements, extended with the layout properties defined by CSS. Conceptually,
CSS has a single processing model, where both the input and the output consists of
(extended) HTML documents. When applying this processing model to the example
SMIL document, a CSS-like style sheet would add style information to an already ex-
isting SMIL document.

In contrast, in the processing model of XSL, the input can be any (XML) document,
which is mapped to a single abstract output model, called the flow object tree. The XSL
processing model can be applied to our SMIL example if the output model is capable of
expressing the desired hypermedia presentation. In terms of our example, the style of
a SMIL document could be specified by a style sheet which maps the SMIL document
to a presentation which is defined in terms of the given output model. However, the use
of such an output model would not be restricted to SMIL, and could be used to define
the style of hypermedia document formats other than SMIL.

Finally, DSSSL has two different processing models. The first, called the format-
ting process, is comparable to the processing model of XSL. The second, called the
transformation process, does not produce a final-form document which can be readily
displayed. Instead, it transforms one (SGML) document type into another. We can ap-
ply this transformation model to our SMIL example in two ways. First, we can use the
transformation to convert a SMIL document to another document format (e.g. a format
in which the higher level concepts of SMIL are replaced by lower level concepts that
are easier to process by the play-out environment). Secondly, we can use the transfor-
mation process to generate SMIL presentations from other, more abstract hypermedia
document formats such as richly structured HyTime documents for which no general
play-out environment is available [15].

3 CONCLUSIONS

We discussed the aspects of developing a style sheet language for hypermedia in gen-
eral, and used the newly introduced SMIL hypermedia description language for the
Web as an example. A future hypermedia style sheet language would require exten-
sions to the current style sheet languages to include temporal aspects — in particular
parallel, sequential and relative synchronization constraints. While CSS2 already con-
tains a sufficiently rich spatial layout model for multimedia layout, the inheritance
mechanism of CSS properties is not suited for hypermedia documents using temporal
composition. Linking support in SMIL is currently limited, so that the hyperlinking
aspects in CSS2 are sufficient, but would have to be extended for more complex hyper-
linking in future versions of SMIL.

More advanced style sheet languages such as DSSSL allow the specification of
structural transformations and style specifications for text-based and HTML docu-
ments. While DSSSL can be used for the structural transformation of hypermedia
documents, the output model of DSSSL’s formatting process supports only page-based
output. For presentations that include synchronized hypermedia elements, a style sheet
language is required that also accounts for the following aspects: temporal layout,
spatial layout that is not text-flow based, hyperlinking to and from continuous media
objects, hyperlinking to and within a temporal presentation, hyperlinking to a subset
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of a presentation, and adaptive environments. We discussed two alternatives of us-
ing DSSSL for hypermedia, since the language features both a powerful document
query language and a language for expressing structural transformations. Additionally,
DSSSL makes fewer assumptions about the structure of the source documents than
CSS, which is an important characteristic given the wide variety of existing hyperme-
dia applications and document models.

We showed that while using the formatting process with a standardized hypermedia
extension of the DSSSL output model allows for platform independent style sheets, this
approach may be both too ambitious and too rigid. DSSSL’s structural transformation
process avoids the use of a fixed intermediate model, where in addition the lower level
details of a specific output format can be hidden from the style sheet by employing
dedicated DSSSL libraries.
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