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With the rapid increase in the amount of content
on the World Wide Web, it is now becoming clear
that information cannot always be stored in a
form that anticipates all of its possible uses. One
solution to this problem is to create transcoding
intermediaries that convert data, on demand,
from one form into another. Up to now, these
transcoders have usually been stand-alone
components, converting one particular data
format to another particular data format. A
more flexible approach is to create modular
transcoding units that can be composed as
needed. In this paper, we describe the benefits
of an intermediary-based transcoding approach
and present a formal framework for document
transcoding that is meant to simplify the problem
of composing transcoding operations.

Today, content providers on the World Wide Web
(WWW) are under constant pressure to make in-

formation available in a variety of formats and for
a variety of purposes. For example, the Yahoo!**
catalog server provides information formatted in Hy-
perText Markup Language (HTML) for standard Web
browsers, and also provides some of this informa-
tion formatted for handheld devices such as Palm
Pilots** and wireless phones. In this case, content
is formatted differently for displays that have differ-
ent capabilities, and is also delivered differently for
devices that have different connectivity. Concern for
network bandwidth limitations in particular has
spurred many projects aimed at minimizing the
amount of data transmitted for Web transactions.
For instance, Fox and colleagues1–3 developed a
proxy-based architecture for distilling or transform-
ing content so that thin devices receive only the data
they can handle (e.g., devices with monochrome dis-

plays do not receive color images), thus minimizing
the network bandwidth needed to transmit informa-
tion.

Moreover, as more and more companies explore the
WWW as a place to do business, large amounts of in-
formation of various types and in a variety of for-
mats will be made available on the Web. This leads
to the problem of converting data to enable appli-
cations to handle data that might come from a va-
riety of sources. In this context, bandwidth limita-
tions or client resources (e.g., CPU power and disk
space) are not a major concern. The main questions
here are: what form is the information in; what form
does it need to be in? The ability to convert content
from one form to another lets systems that use dif-
ferent languages and conventions communicate and
interoperate. The Extensible Markup Language4

(XML) is particularly suited to the needs of businesses
to convert data from one form to another, as it pro-
vides means for specifying semantic structure.

The process of converting, distilling, or transform-
ing content is often referred to as transcoding1,5 (see
Figure 1). In particular, this term is also used when
referring to algorithms for transforming certain data,
such as images and movies, from one format into an-
other. For example, video transcoding is the process
of converting between different compression formats,
or of further reducing the bit rate of a previously
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compressed signal.6 Character transcoding is the pro-
cess of translating characters from one encoding
(e.g., EBCDIC, or extended binary-coded decimal in-
terchange code) to another (e.g., to ASCII, or Amer-
ican National Standard Code for Information Inter-
change). Image transcoding is the process of
converting an image from one format (e.g., JPEG, or
Joint Photographic Experts Group) into another
(e.g., to GIF, or graphic interchange format), and pos-
sibly modifying some of its properties, such as size,
resolution, or color depth.7 The main motivation be-
hind these sorts of transcoding operations is to over-
come network constraints, such as limited bandwidth,
and to allow clients with limited resources (e.g., pro-
cessing power, display size) access to Web content.7,8

Many transcoding operations do not usually alter
the semantics, or meaning, of the object being
transcoded. However, certain kinds of transcoding
operations may alter the semantics, at least to some
extent. For example, lossy compression of an image,
or summarization of a document, may result in an
object that is very different, even unrecognizable
when compared to the original.

In general, transcoding operations are applied on de-
mand, rather than precomputed and stored. The
simple reason is that it is difficult and expensive to
anticipate all possible transformations. As the re-
quirements for transcoding operations increase—
new document types to be converted, parameters set
for transcoding, and so on—building specialized
transcoders will become more and more complex.
It seems clear to us that a simpler solution is to de-
velop a framework for combining or composing sim-
ple transcoders to perform more complex jobs. For
example, given three image converters, GIF to JPEG,
JPEG to PNG (Portable Network Graphics), PNG to
TIFF (tagged image file format), our hope is to make
it easy to convert GIF to TIFF by combining (or chain-
ing) these three (see Figure 2). A system that merely
applies specialized transcoding operations would re-
quire the implementation of many transcoders that
anticipate all possible combinations of input and out-
put formats (see Figure 3).

Because transcoding operations apply to data flows,
it is natural to view them as a kind of intermediary-
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Figure 1 Transcoding intermediaries connect a wide variety of devices, applications, and services.
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based computation.9–11 Of course, final results and
partial results of intermediary-based transcoding can
be cached for quick access later.2 Our point is that
all possible transcodings are not generally precom-
puted and stored as if they are simply alternate for-
mats for maintaining content. Transcoding is a fun-
damentally active process of recasting content when
it is needed, and therefore lends itself to implemen-
tation as an intermediary process. This raises the
issue of how to build transcoding applications
as intermediaries. As mentioned, the approach of
chaining transformations seems reasonable, but how
can a system guarantee that any chain produces the
desired result?

Gribble and Fox’s DOLF12 system is an intermediary-
based scheme that automatically adapts content for
particular clients. Specifically, DOLF converts a doc-
ument’s format—that is, its Multipurpose Internet

Mail Extensions (MIME) type13–15—to one that is
appropriate for the client. DOLF can create chains
of MIME-type transcoders to convert documents of
one type to documents of another type. To create
the proper chain, DOLF must know which transfor-
mations its transcoders can perform, but DOLF’s un-
derstanding of the process is limited to just MIME
type transformations. Thus, DOLF itself cannot be
used to summarize a document or translate from one
language to another, because these transformations
do not affect a document’s MIME type.

The transcoding framework we have developed is
similar to DOLF in several ways. Most notably, both
systems perform dynamic transformations on re-
quested objects by composing a pipeline of compu-
tational elements. However, our framework includes
a language for describing in detail the abilities of the
individual transcoders and mechanisms for packag-

GIF–PNG
PNG–TIFF

JPEG–GIF

JPEG GIF PNG TIFF

Figure 2 A transcoding framework simplifies the tasks of combining and reusing transcoders.
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ing transcoders so they can be added or removed at
run time. The language allows transcoders to spec-
ify semantic transformations on objects regardless
of whether the transformation preserves or alters
type. This allows a richer set of operations to be de-
scribed formally. Within such a framework, differ-
ent parties can supply feature-rich transcoders that
can cooperate automatically.

In the next section of this paper, we describe our
transcoding framework in some detail, including a
formal specification of our language for defining
and manipulating transcoding operations. Next, we
present a specific intermediary-based implementa-
tion of our transcoding framework. Finally, we out-
line future directions for this work.

A transcoding framework

Before describing our framework, we first define
some terms. Intuitively, data objects represent con-
tent, type indicates the form the data are in, prop-
erties represent attributes of particular data types,
and format combines a type and a set of properties.
More precisely,

● A data object consists of a sequence of bytes.
● A type is one of the MIME types.14,15 It represents

the semantic nature of data objects of that type
and specifies the byte-level encoding used to rep-
resent the data. For example, data objects of the
type “image/gif” are images in which the data are
encoded according to the GIF format.

Figure 3 Without the ability to compose operations, each transcoding operation must be preprogrammed, leading to a
combinatorial explosion of transformations.
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● A property is an attribute particular to a type or
set of types that may take on values represented
as strings. The special value “*” represents any
value. For example, the type “text/xml” might have
the property “DTD” (document type definition),
which could take on values such as “http://www.
w3.org/TR/1999/PR-xhtml1-19990824,” “foo,” or
“*.”

● A format consists of one type and zero or more
property-value pairs. For example, (“text/xml,”
((“DTD,” “foo”))) is a valid format, as is (“text/html,”
((“case,” “upper”), (“length,” “500”))).

● A transcoding operation takes an input data ob-
ject din in a particular format f in (we use the nota-
tion din ( f in)) and converts it into an output data
object dout in the specified format fout (using again
the notation dout ( fout)). Thus, we denote a
transcoding operation by

~din~ fin!, ~ fin, fout!!3 dout~ fout!

The type of the input format f in and the type of
the output format fout may be identical. If so, and
if the set of properties specified by fout is empty,
the transcoding operation is the identity transfor-
mation and dout is identical to din .

Although several examples of properties are given
in this paper, it is our intent that the ontology for
these be extensible and ad hoc. Thus, for transcod-
ers from different authors to be able to interoper-
ate, authors must use the same name for the same
property. Properties describe transformations of a
more semantic nature than those the MIME type sys-
tem covers. These transformations may or may not
be reversible. For example, text summarization is not
reversible, nor is increasing the compression factor
in a JPEG image, because both transformations dis-
card information. Other transformations may be re-
versible, such as inverting the color map of an im-
age. In any event, all such transformations can be
described by properties in our system, because they
do not affect the type of the object.

We define intermediaries9–11 as a general class of com-
putational entities that act on data flowing along an
information stream. In general, intermediaries are
located in the path of a data flow, possibly affecting
the data as they flow by. For HyperText Transfer Pro-
tocol (HTTP) streams, for instance, intermediary com-
putation might be used to customize11,16,17 content
with respect to the history of interaction of individ-
ual users, to annotate16,18 content, such as marking

up URLs (uniform resource locators) to indicate net-
work delay, to add awareness and interaction in or-
der to enable collaboration19,20 with other users, to
transcode7,21 data from one image type to another,
or to cache and aggregate content.2

In general, we distinguish six broad applications of
intermediary computation: customization, annota-
tion, collaboration, transcoding, aggregation, and
caching. More precisely, we distinguish these inter-
mediary functions by the kinds of information they
take into account when performing their actions.
Customization takes account of information about
the user or the user’s environment when modifying
data on the stream, such as adding links the user vis-
its often. Annotation takes account of information
about the world outside the user or user’s environ-
ment, for instance, by determining link speed. Col-
laboration takes account of information about other
users, such as what Web page they are currently vis-
iting. Transcoding takes account of information
about the data’s input and desired output format,
for instance, transforming a JPEG format to a GIF.
Aggregation takes into account additional data
streams, for instance, merging results from several
search engines into a single page of search results.
Caching takes account of when data were last stored
and last changed.

Our transcoding framework is implemented as an
intermediary for a well-defined protocol for docu-
ment or object retrieval, such as HTTP or the Wire-
less Application Protocol (WAP). This intermediary
can inspect or modify both requests for objects and
the responses, that is, the objects themselves. The
intermediary performs transcoding operations on
these objects. Clients may request that the interme-
diary transcode responses on its behalf, or the in-
termediary may make that decision itself based on
other factors. To perform this transcoding, the in-
termediary relies on a set of transcoders, each of
which advertises its capabilities. The advertisements
specify what sort of output object a transcoder is able
to produce given certain constraints on its input. A
transcoder that translates Japanese Web pages into
English might specify

((text/html, (("language", "ja"))),
(text/html, (("language", "en"))))

A “*” on the right side of an (attribute, value) pair
indicates that the transcoder can produce any value
requested for the corresponding attribute. A
transcoder can advertise more than one capability.
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