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Transclusionsare an advanced techniquefor theinclusion
of existing content into new documents without the need
to duplicateit. Although originally described in the early
1960s, transclusions have still not been made available
to users and authors on the world wide web.

This paper describes the prototype implementation of a
system that allows usersto write articles that may contain
transclusions. The system offers a smple web-based
interface where users can compose new articles. With a
simple button the user has the ability to insert atransclu-
sion from any HTML page available on the world wide
web.

While other approaches introduce new markups for the
HTML specification, make use of technologies such
as XML and XLink or employ authoring systems that
internally support transclusions and can generate web
pages as output, this implementation solely relies on the
techniques provided by an HTML-based environment.
Therefore HTML, Javascript, the Document Object
Model, CGlI scripts and HTTP are the core technologies
utilised in the prototype.

Keywords: hypertext, transclusions, xanalogical struc-
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applications.

1. Introduction

In 1965, Ted Nelson presented “a file structure
for the complex, the changing and the indeter-
minate”, in which heintroduced the term hyper-
text (see[20]). Oneof thefundamental concepts
in Nelson's notion of hypertext is a technique
caled transclusions. Transclusions allow au-
thors to include portions of existing documents
into their own articleswithout duplicating them.
Basically, atransclusionin document A isaref-
erenceto aportion of the content of apotentially

remote document B that is virtually included
into document A (see Figure 1).

The following sub-sections discuss the back-
ground of transclusionsand their useinHTML.
Section 2 addresses attemptsto implement tran-
sclusion.  Our design and implementation of
transclusionsin HTML-based environmentsare
detailed in section 3. Issues that were encoun-
tered during the implementation are described
insection 4. Finaly, section 5 discusses several
aspects of our implementation.

1.1. Background of Transclusions

Transclusionsare designed as compl eterepl ace-
ment for all cut-and-paste mechanisms in use.
Nelson argues that cut-and-paste is not what
people actually want to do but that it is a re-
striction imposed upon authors by the nature of
paper. Writers actually do not want to make a
copy of an existing document, cut out the piece
they want to reuse and paste it in their docu-
ment. They want to include the original content
and let readers know what the source and the
context of the quoteis (e. g., [21]).

Reference lists at the end of a scientific publi-
cation, for instance, are usually not what is in-
tended by writers and desired by readers. They
are rather a pragmatic solution to the problem
that both the source and the context of the quo-
tation are lost by copying-and-pasting aportion
of content printed on paper.

* This paper was supported by the Styria Professorship for Revolutionary Media Technologies.
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What used to be physical restrictions of paper
was embraced by most computing systemsinan
attempt to resembl e the work environments and
common processes in offices (cf., [33]). There-
fore most current graphical operating systems
make use of metaphors such as a desktop, fold-
ers and documents; a document has to be put
in exactly one folder; there is a clipboard, and
content from a different document is included
using copy-and-paste mechanisms (see [23]).

1.2. Implications of Transclusions

Transclusions are, however, not only amerere-
placement for copy-and-paste. They assurethat
the original context of a quotation is preserved
and can provide a visible link to the source of
thetransclusion. Ted Nelson’sapproachtoreal-
ising thisfunctionality isbased on transpointing
windows (e. g., [22]).
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Fig. 1. Exemplary transclusion. Part of document B (top
right) is transcluded into document A (top left).

Bottom: the source code of document A does not
contain the actual text of document 2, but only the data
required to retrieve it from the original document.

Moreover, authors of documents can be noti-
fied when their articles are transcluded. Thus
they can, for instance, find out about other
researchers in the same area. Authors using
transclusions, on the other hand, can be in-
formed automatically about modifications in
source documents (see [14]).

Apart from obvious improvements in author-
ing and publishing systems, transclusions can
also offer a solution to copyright issues expe-
rienced today on the world wide web: authors
include content into their documents by means
of transclusions. Whenever a reader views a
transclusion, a note about the rights associated
with the transcluded content is added, and ami-
cropayment ismadeto the corresponding owner
([25]). Nelson namesthismodel transcopyright
(see [24]).

1.3. Transclusions and HTML

The Hypertext Markup Language (HTML, [7])
is a relatively simple language for describing
platform-independent hypertext pages. In the
early stages of its development, the focus of
HTML was on style and graphical presenta
tion rather than on functionality and underlying
paradigms. Therefore, many innovative ideas
such as bidirectional hyperlinks and issues al-
ready known at that time including broken links
were not considered in the implementation (e.

g, [27]).

In principle, transclusions are used in HTML.
Designated markupsincluding <img>, <object>
and <embed> incorporate content such as im-
ages, Java applets and animations into HTML
pages by means of linking. Thus, these €-
ements basically make use of the concept of
transclusions.

TransclusionsinHTML arevery limited, though.
Only certain mediasuch asimages can bevirtu-

aly included, wheresas textual content, in gen-

eral, cannot betranscluded. Moreover, thetran-

sclusion mechanisms available in HTML can
only be applied to entire documents. Fine-

grained transclusions such as a small spatial

selection of an image are not implemented.

2. Attempts to Implement Transclusions

Althoughtheideaof transclusionswasproposed
some forty years ago, only a few attempts to
implement this advanced technique have been
made. Thefollowing sections give an overview
of several notable approaches to the realisation
of transclusions.
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2.1. Xanadu

Transclusions are an integral part of Xanadu,
Ted Nelson's origina hypertext system (e. g. ,
[21]). Their implementation relies on a docu-
ment model, though, that is radically different
from what is widely used today. In Xanadu,
documents (versions) do not contain content but
referencesto the actual content. Content isboth
stored and referenced with the highest granular-
ity possible — on the level of single characters.
All content is retained in content repositories.

Any document ismade up of alist of references
to content storedinthesystem, e. g., adocument
consists of “characters 124 to 729 and 1276 to
1301 from the repository”. When content from
document B istranscluded into document A, the
corresponding references to the actual content
intherepositoriesare added to thereference list
of document A.

Thus, the creation and retrieval of transclusions
in Xanadu are trivia list operations. Ted Nel-
son also details a number of functions related
to transclusions and the handling of situations
in which documents are modified or large por-
tions of documents are deleted (e. g. , [25]).
Basically, these functions can be seen as more
complex list operations.

2.2. Proposal to Amend the HTML
Specification

Sincetheideaof transclusionsisalready present
in HTML for media such as images and multi-
media animations, a sensible approach to text-
based transclusionsistointroduceanew tag that
alows users to transclude text. Therefore, [28]
suggestsan amendment tothe HTML specifica-
tion. A new markup, <text>, is proposed with
the intention to offer an element of the same
significance as <img> Or <embed>.

The main attributes of the markup are the URI
of the source document and the start position
and length of the text to be transcluded. The
web browser analyses the tag, loads the source
document of the transclusion, extracts the por-
tion of text given by the attributes of the <text>
tag, and inserts it into the document. Thus, a
transclusion is handled in a similar way as an
inlineimage.

Although the proposal seemsrational, it has not
been accepted, and no web browser to date has
the feature implemented.

2.3. Transclusions with IFrames and
Embedded Objects

The recommendation for HTML 4 includes
markups for inline frames and embedded ob-
jects(e.g., [7]). Bothinlineframes and embed-
ded objects define areas within a given HTML
document that can be used to display potentially
remote resources. Inline frames can merely
contain HTML pages and images, whereas ob-
jects may contain resources of arbitrary type.

Transcluding document A into document B can,
for instance, be achieved by inserting an <ob-
ject> tag with areference to document A into
document B ([16]). The capabilities of this
technique are rather limited, though. Only en-
tire documents can be referenced. Moreover,
the context is lost because a link from the doc-
ument containing the embedded object to the
source of the transclusion is not provided by
these markups. Therefore this approach is not
well suited for realising transclusions.

2.4. XML-Based Transclusions

The Extensible Markup Language, XML, is
a flexible language for describing documents
that contain structured information (see [31]).
In contrast to other markup languages such as
HTML, where both syntax and semantics are
determined, neither a set of tags nor the seman-
tics are defined in XML. Therefore, XML per
se does not contain a distinct markup for links;
aseparate linking language is used instead.

XLink, the XML Linking Language (e.g., [30]),
provides aframework for describing the syntax
and semantics of even complex linking struc-
tures between resources. An XLink link typ-
ically contains a number of attributes that de-
scribe, for instance, what resource is to be
loaded and when it isto be displayed.

Three attributes are essential for the implemen-
tation of transclusions using XLink:

e href: thedocument to beloaded. Set tothe
source document of the transclusion;
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e actuate: Whentheresourceisto beloaded.
When set to onlLoad, the resource is loaded
when the document containing the XLink
link isloaded;

e show: inwhich manner theresourceisto be
displayed. When set to embed, the resource
isdisplayed practically instead of the XLink
tag.

The skeleton of the XLink link shownin listing

1 transcludes the entire document source.xml

into the document containing the link at the po-

sition of the link. A similar approach to tran-

sclusionsin XML is described by [29].

<my:transclusion
xmlns:my=“http://www.kolbitsch.org/*
xmlns:xlink=“http://www.w3.0rg/1999/x11ink*
xlink:type=“simple”
xlink:href=“source.xml*
xlink:actuate=“onlLoad*”
xlink:show="embed* />

Listing 1. Fragmentary transclusion with XLink.

With the XML Pointer Language (XPointer,
[32]) fragmentsof XML documentscan beiden-
tified and addressed as well. Thus, a combi-
nation of XML, XLink and XPointer can be
employed to make the use of fine-grained tran-
sclusionsin XML -based environments possible
(see [16; 15]).

2.5. Recent Projects Involving Transclusions

Currently, several mostly academic projectsthat
experiment with transclusions exist. The fol-
lowing paragraphs introduce three selected sys-
tems.

The University of Nottingham, UK, has pro-
posed atechnol ogy-based | earning environment
that adapts to its users (see [19]). The informa-
tion retained in the systemis organised in small
“chunks’ that are stored as XML files.

Since the system is adaptive, lessons are not
static but assembled dynamically on the basis of
alesson plan. When auser requests a particular
lesson, appropriate chunks of information are
retrieved and included into a virtual document
by means of transclusion. Thus, the system

facilitates the reuse of small pieces of informa-
tion for anumber of lessonsor for studentswith
various differing standards of knowledge.

At the University of Bologna, Italy, researchers
attempt to combine existing software products
such as the Internet Explorer and Microsoft
Word to offer a collaborative editing environ-
ment for the world wide web (see [3]). Theim-
plemented tool, XanaWord, allows usersto edit
any web page they view in their web browser —
even if they do not have written permissionsfor
the resource.

Any page displayed in Internet Explorer can
be opened with a word processor such as Mi-
crosoft Word, where the user can make arbi-
trary changes to the document. When the user
saves the page, only the changes to the original
document are stored in the XanaWord reposi-
tory. Whenever adocument isretrieved fromthe
repository, the modifications made by the user
and the content from the original resource are
included in a dynamically generated document
by means of transclusion. Finaly, the dynamic
document is sent to the user’'s web browser.

Thelnstitutefor Information Systemsand Com-
puter Mediain Graz, Austria, proposed an envi-
ronment capable of handling transclusions in
various output document formats (see [14]).
The system includes three components:

e thel atex typesetting systemthat allowsusers
to create documentsand savethem in anum-
ber of document formatsincluding Postscript,
PDF and HTML;

e an extension to Latex that allows users to
create transclusions; and

e a Hyperwave Information Server (see [9])
that handles issues such as linking and ver-
sioning.

In the proposed environment users can insert a
special markup that designatesatransclusionin
Latex documents. Then, the user has to upload
thefileto aHyperwave Information Server that
extractslinks and savesthem in alink database,
etc. When the document is requested by a user,
the transclusions and links are inserted into the
file saved on the server. The resulting interme-
diatefileisprocessed by Latex in order to gener-
ate the requested document format. Ultimately,
the document containing the transclusionis sent
to the client.
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3. Implementation

In contrast to several approaches to transclu-
sions illustrated above, this project does not
present a proposal but an actual implementa-
tion of a system that lets users take advantage
of transclusions. Itisdesigned aspart of alarger
system that offers communities instruments to
work actively with content from digital libraries
and electronic encyclopaedias (see [12]). Thus,
a prototype is implemented offering a tool for
authoring new articlesthat can contain transclu-
sions. Itisavailableonlineat [11].

3.1. Design Goals and Requirements

The environment for creating and retrieving
transclusions aims at facilitating the reuse of
information readily available on the Web —even
by novice users. Therefore a number of design
goals have to be taken into consideration:

e ease of use: the tool for making transclu-
sions must be as easy to use as traditional
copy-and-paste mechanisms,

e use of any document on the web: not only
documents from a closed repository but ba-
sically any web page may be the source of a
transclusion;

e level of granularity: any portion of text may
be transcluded from adocument, from asin-
gle character to the entire content of a page.

Browser plug-insor special softwaretoolsshould
not berequired. Therefore, thisimplementation
of transclusions solely relies on technologies
available and widely utilised on the world wide
web:

e HTML: transclusions can be made from any
HTML formatted document available on the
web. Moreover, documents containing tran-
sclusions are presented to the reader as tra-
ditional HTML documents (see [7]);

e Javascript, DOM: internally, most current
web browsers represent HTML pages as
trees of objects. The underlying technology
is the Document Object Model (DOM, [4;
5]). Javascript is used to access individua
objects in the DOM tree of the HTML page
to be transcluded (see [26; 6]) and enables
fine-grained transclusions,

e HTTP: documents containing transclusions
are transmitted to the readers using the Hy-
pertext Transport Protocol (see [8]).

3.2. System Overview

Since the system for creating and retrieving
transclusions consists of a number of compo-
nents, a brief overview is given. The following
descriptionismadein the order of actionstaken
by a user in authoring and reading a document
including transclusions.

Two fundamental actions can be distinguished
in the system: the creation of a transclusion
when the article is authored, and its evalua-
tion when the page containing the transclusion
is to be displayed. When the user wants to
create an article with a transclusion, the web
browser presents a frameset with two frames.
One frame contains a conventional area for au-
thoring HTML content and an additional button
for adding atransclusion. Whentheuser presses
this button, the URL of a page can be entered,
an the corresponding page isloaded through an
HTTP proxy application into the second frame.
The user can either transclude content from this
page or can use the second frameto browseto a
different page — again through the HT TP proxy
application. The document to be transcluded
is complemented with a button that inserts the
transclusion into the text area of thefirst frame,
when pressed. Anillustration of the two frames
isgivenin Figure5.
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Fig. 2. Overview of the server-side components.

The user selects the portion of text to be tran-
scluded in the second frame and presses the
button to have the transclusion actually inserted
into the article. The button calls a Javascript
function that determines the start and end posi-
tions of the selection made. Together with the
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URL of the page in the second frame, these val-
uesare used to generate an intermediate markup
that isinserted into the article (see section 3.4).

Onceauser hasfinished authoringan articleand
choosesto save the new document, the contents
of the text areaincluding the intermediate tran-
sclusion markup are sent to a CGI script on the
server. The server stores the “static” text and
the values provided through the transclusion tag
to a database. In addition to this, metadata on
the source of the transclusion is collected and
stored in the database.

Whenever thearticle containing thetransclusion
IS requested, a second CGI script is invoked.
The script retrieves the contents of the article
and the parameters of the transclusion tag from
the database. The parameters defining the tran-
sclusion are used to load the original page from
itsoriginal location. If it isunchanged, thetran-
scluded portion of the text is extracted from the
original page, combined with the static text and
sent to the web browser of the client (see Figure
5).

The next section gives a brief introduction to
the architecture of the implementation and its
components.

3.3. System Architecture

Our implementation of transclusions follows
a classic client-server paradigm. A conven-
tional HTTP server, arelationa database, sev-
era server-side CGI programs, anon-transparent
HTTPproxy application and client-side Javascript
code are the main components of the system.

The CGI script “Create and Store” in Figure 2
receivesthe datasubmitted by users. It analyses
the content of the article, extracts transclusions
and stores both content and transclusionsin the
internal database of the system (seesection 3.4).
The “Extract and Merge” script, on the other
hand, reads the content of an article together
with the information on the transclusion from
the database, fetches the source document of
the transclusion, assembles the complete article
and sendsiit to the user (see section 3.5).

Thethird CGlI script, “ Fetch External”, isutilised
during the authoring process for loading the
page to be transcluded. This programmeis ba-
sically necessary to insert a button and a small

portion of Javascript code into the correspond-
ing page (see section 4.1). It relies on a spe-
cialised, non-transparent proxy application de-
veloped for this project.

In the current prototype implementation the re-
lational database consists of only two tables.
While one table contains the static content of
the article, the other one stores detailed infor-
mation on the transclusion as well as arich set
of metadata and afingerprint of the source doc-
ument.

3.4. Creating a Transclusion

As explained above, the interface for authoring
new articles consists of aframeset with aframe
for writing an article in an HTML form and a
separate frame for displaying the content to be
transcluded (Figure 5). When userswish to in-
sert atransclusion they select the portion of text
with the pointer device and click on the button
provided in the window.

<transclusion src="{url}"
atag="{tag}" aindex="{int}" aoffset="{int}"
ftag="{tag}" findex="{int}" foffset="{int}" />

<transclusion src="http://www.kolbitsch.org/about/"
atag="H1" aindex="1" aoffset="0"
ftag="P" findex="4" foffset="29" />

Listing 2. Sintax of aintermediate transclusion tag (top)
and an example (bottom).

The button calls a Javascript function which is
essentially the only operation carried out on the
client computer. It accesses the document ob-
ject model to determine the exact start and end
positions of the selection made by the user and
generates an intermediate tag that is inserted
into the article. The Javascript interface to se-
lections provided by most browsersis somewhat
peculiar in that it determinesthese start and end
positions in the way the user actu ally marked
thetext. I. e., theanchor of the selection isthe
position where the user clicked to indicate the
beginning of the selection. Then, the user drags
the mouse, for instance, to the end of the se-
lection and rel eases the mouse button to denote
the end of the selection. The end positionisthe
focus. In the following paragraphs, anchor and
focus are denoted by prefixes“a’ and “f”.
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The syntax of the newly introduced <transclu-
sion>markupwithitsseven parametersisrather
complex (see listing 2). Thislevel of detall is
required to be able to determine the exact start
and end positions of transclusions, though. Val-
uesin curly braces describe the type of attribute
values:

e src: the URL of the document to be tran-
scluded:;

e atag, ftag: the names of the tags in which
the transclusion starts and ends, e. g. , “P’
for a paragraph;

e aindex, findex: the index of the tags in
which the transclusion starts and ends, e. g.,
the seventh paragraph in the document;

e aoffset, foffset: theoffset withinthe start
and end tags, e.g., the transclusion starts at
the second character of the seventh para-
graph in the document.

The exemplary tag shown in listing 2, for in-
stance, describes atransclusion that starts at the
first character of the second H1 heading and
ends at the 30th character of the fifth paragraph
in the given document.

Include Information

on Trar

Remote
Client Server

Submit form containing
transclusion tag

CGI Script
(Create & Store)

Server

Fig. 3. Simplified scematic illustration of the process of
creating a new article containing a transclusion.

When the article containing the transclusion is
saved by the user, the data is sent to the server,
and the “Create and Store” CGI program isin-
voked (seeFigure3). It extractsthetransclusion
from the article, determines the attributes of the
transclusion and writes the information to the

database. The <transclusion> markup in the
original article is replaced with a transclusion
object that refers to the transclusion stored in
the database.

The source document of the transclusion is not
stored in the internal repository. However, its
URL, the creation and modification dates as
well as an MD5 hash value of the entire page
content areretained asfingerprint. Thesevalues
are necessary to determine if the source docu-
ment has changed when the transclusion is re-
trieved.

It should be noted that, in contrast to [ 28], where
an amendment to the HTML specification is
suggested, the <transclusion> markup in this
implementation is only used during the author-
ing process. Itisinserted when the user makesa
transclusion, is evaluated by the system and re-
placed by atransclusion object. When the page
containing the transclusion is to be displayed,
the transclusion object is replaced with the cor-
responding content from the original page (see
below). Hence, the <transclusion>tagisonly
visible within the system but not externally to
the user.

3.5. Retrieving a Transclusion

The “logic” of our implementation mainly lies
within the component that retrieves transclu-
sions. Whenever an article is requested, its
body is analysed for the presence of transclu-
sion objects. For each transclusion object the
following steps have to be carried out (see aso
Figure4):

e resolve the object and retrieve the informa-
tion on both the transclusion and on the
source document from the database;

e check if the given URL of the source docu-
ment can be loaded;

e if it can beretrieved, check if the metadata,
i.e., the creation and modification dates as
well asthe MD5 hash values, have changed;

e if the fingerprint of the source document is
valid, retrieve the resource and extract the
portion of text determined by the start and
end positions of the transclusion;

e replace the transclusion object in the article
with the transcluded content;
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e if any of the operations abovefails, insert an
apologetic error message.

Every transclusion is formatted in a way that
readers can distinguish between authentic and
transcluded content. In Figure 5, transcluded

textishighlighted using alight-gray background.

Transclusions are complemented with a hyper-
link to the original source of the content.

4. |ssues Encountered

During theimplementation and eval uation of the
prototype a number of difficulties were experi-
enced. A few substantial issues are addressed
in the following sections.

4.1. Javascript Restrictions

Asdescribed in section 3.4, our implementation
relies on Javascript code that detects which por-
tions of a document are selected by the user;
when the user presses abutton, the start and end
positions of the selection are determined.

Restrictions imposed by the security mecha
nisms of most modern web browsers (e. g. ,
[18]) prevent Javascript functions from access-
ing selections in “foreign” frames and docu-
ments. Thismeansthat the button that reads the
user’s selection has to be present in the same
frame as the selection.

uuuuuu

Include Information

on Trar

Remote
Server

Client

Submit form containing
transclusion tag

CGI Script
(Create & Store)

Server

Fig. 4. Handling arequest for a page containing a
transclusion (simplification).

Since our premise was that transclusions can be
made from any HTML document on the Web,
we have to make sure that the Javascript code
required is inserted in any page the user wants
to transclude. The approach in the current im-
plementation is to use a non-transparent proxy
application. So when users enter the URL of
the page they wish to transclude, the pageis not
loaded directly by the web browser, but by a
CGlI script on the server that acts as an HTTP
proxy. The CGI script appends the demanded
Javascript code and sends the document to the
client.

The proxy application could be omitted if tran-
sclusions were only made in documents from
an internal repository such as an online journal
or a content management system. The system
generating the documents could automatically
insert the essential Javascript code when there-
source is requested, for example, with a partic-
ular parameter.

4.2. Browser Specific Implementation

The function for accessing the user’s selection
poses yet another problem. Different imple-
mentations of the corresponding function ex-
ist in the various web browsers available to-
day. The Mozillafamily accesses the selection
throughthedocument . getSelection() method,
wheresas Internet Explorer, for instance, uses a
dedicated document.selection Object (e. g. ,
10]).

Duetotheuseof thedocument . getSelection()
method in our implementation, the prototypeis
only compatible with Mozilla-based browsers.
With minor modificationsin the client-side
Javascript code, however, the prototype should
work with awiderange of web browsersinclud-
ing Internet Explorer.

4.3. Modified Documents and Unavailable
Resources

Similar to broken linksin web pages, documents
that are modified and resourcesthat become un-
available can pose a problem for transclusions.
Onereason for this deficiency isthe use of Uni-
form Resource L ocators on the world wide web
(URLs, [2]).
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URLs identify an object and describe its phys-
ical location. Defining the physical location of
a document determines that only one instance
of the document may exist at a time. Differ-
ent resource identification and all ocation mech-
anismsalow for multiple locations of the same
document, i. e. , several instances of the same
document may exist in different physical loca
tions. When a resource with a certain object
identifier is requested, it is retrieved from one
of the locations that retain a copy (e. g. [27]).
This can, for instance, be the location with the
fastest network connection, the one with the
lowest load, or the one with the shortest dis-
tance.

The design of Xanadu takesa similar approach,
in which a resource may exist in several loca-
tions(e. g., [25]). Thus, when atransclusionis
requested and oneinstance of the source databe-
comes unavailable, it is retrieved from another
repository containing the same information.

We propose an anal ogue mechanism that makes
use of theWayback Machine (e. g., [13]), avery
largearchiveof currently about forty billionweb
pages, and local caching. When a transclusion
IS requested whose source document has un-
dergone major changes or has become unavail-
able, the Wayback machine is queried for the
resource. The query includes the URL and the
creation date of the transclusion as access date.

Alternatively, a local cache or Google Cache
can be employed. Local caching means that a
copy of a resource has to be made when it is
transcluded; the local copy isretained in an in-
terna repository of the system. In case of local
caches, however, legal issues may arise. [1],
for instance, discusses whether services such
as Google Cache are in conflict with German
copyright laws.

Figure 6 illustrates the suggested retrieval strat-
egy for transclusions. when the original source
of atransclusion is available and has not been
changed, it is retrieved from the origina loca-
tion. Otherwise an attempt is made to load the
page from the Wayback Machine or from asim-
ilar cache. If thisattempt fails as well, the user
is notified that the transclusion cannot be made
at thistime.

5. Discussion

Theimplementation of transclusionsin apurely
HTML-based environment has shown interest-
ing perspectives, and various aspects need to
be investigated in detail and require further re-
search. A few selected topics are pointed out in
the following sections.

5.1. Robustness

The prototype we presented offers ease of use
and relative overal stability. The robustness,
however, can still be improved. Under certain
conditions, for example, transclusions can be
imprecise. Content transcluded from a docu-
ment by the “Extract and Merge” component
can be dlightly different from what a user orig-
inally selected — a few characters too many or
too little are extracted.
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Fig. 5. Screenskots from a prototype of transclusionsin
an HTML-based authoring environment.

An issue that generally affects the robustness
of our implementation and demands in-depth
analysisis modified content. The shortcoming
partly arisesfrom an optimization that improves
the system performance. When modifications
in the source document of a transclusion are
to be detected, only the creation and modifi-
cation dates as well as the content length in the
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HTTP header of theresource are scanned. Some
servers do not return these values at al, though,
and a small percentage of hosts return invalid
date values. So if creation and modification
dates or the content length are not available, the
entire resource is retrieved and an MD5 hash
valueis generated. When the content to be re-
trieved isvery large, the system load is high or
the network connectionisslow, it might taketoo
long to calculatethe hash value. Inthiscase, the
process might terminate with a time-out signal,
and the transclusion cannot be made.

As pointed out above, modificationsin transclu-
sion sources are a genera problem. Especially
dynamic content such as pages from a content
management system or fromadigital library can
becritical. In many cases, these documentscon-
tain advertisements or other frequently chang-
ing information such as references to the most
recent articles. Although the actual content of
the document is not altered, the system com-
ponent that analyses the state of transclusion
sources would detect a modification.

It is desirable to have modifications in docu-
ments and their importance — was only an ad-
vertisement changed or has the meaning of the
article changed — detected automatically. How-
ever, this functionality is presently computa-
tionally not feasible. [14] suggests leaving the
decision to the user: despite the modifications
the content from the altered source document is
transcluded, and the user hasto determineif the
transclusion and the context are still appropri-
ate.

In any case, authors of modified transclusion
sources should be notified that the content they
virtually included into their articlesmight not be
suitableanymore, and that it hasto be reviewed.

5.2. Aspects of the Design

The design of the implementation, the use of a
transclusion object in particular, open up excit-
ing opportunities. Since the transclusion object
is associated directly with the source document
of a transclusion, it is possible to determine
which other articles in our system include con-
tent from the same source. This information
indicates that the corresponding articles might
deal with a similar topic and that they could be
of interest for both authors and readers. More

importantly, thisinformation denotes hat the au-
thors of these articles might work in a similar
area. In ascientific setting, for instance, these
authors can be researchers working on similar
projects. Thus, information exchange can be
enabled. From amore general perspective, col-
laboration can be fostered and organisational
knowledge management can befacilitated (e. g.
, [17]).

Therefore we propose a simple function like
Which other articles transclude the same doc-
ument? or Who €l se uses the same document?
that can help readers and writers discover new
information.

This principle can be applied in the “opposite
direction” as well. Authors can easily find out
which other articles in the system transclude
the articles they produced. This information
can basically be used for the same purposes as
pointed out above. Hence, we propose another
function that complements every article in the
system: Which articlesin the systemtransclude
thisarticleor simply put, Who transcludes‘ us' ?

In a more sophisticated approach, the system
could pro-actively point out resources and au-
thors that are related to the article being dis-

played.

5.3. Aspects of the Proxy Application

Our implementation relies on anon-transparent
HTTP proxy application that makes it possible
to insert a small portion of Javascript code into
every page the user wishes to transclude. Al-
though the application wasinitially intended for
avery specific purpose, itsdesign is so flexible
that a whole range of other, largely unrelated
applications become feasible.

Blacklisting of wordsand hyperlinks, highlight-
ing of text and dynamic insertion of annota-
tionsarejust afew ssimple examples. Advanced
techniques may include dynamic adaptation of
content, on-the-fly insertion of complementing
information, etc.

These novel ideas need to be explored in detail.
A comprehensive analysis and an evaluation of
early resultswill be presented in aforthcoming
publication.
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Fig. 6. Flow chart of adocument retrieval strategy
where the source document of a transclusion can
become unavailable or can be modified.

6. Conclusion

This paper briefly outlined Ted Nelson’s notion
of hypertext and one of its prime concepts —
transclusions. Although HTML has been influ-
enced by the notion of transclusions for the in-
clusion of external objects such asimages, they
have not beenimplemented consistently. There-
fore a number of proposals have been made on
how to implement transclusions with the tech-
nologies available today. A few of the most
important approaches have been discussed.

Based merely on the technologies provided by
a web-based environment, we have designed a
system that offers users to author articles that
may contain transclusions. A first prototype
utilisesplain HTML, Javascript and server-side
components including CGI scripts and a spe-
cialised HTTP proxy application.

Although a number of issues were encountered
during the implementation phase, we have been
capable of collecting valuable results that make

us confident that we can enhance the current
prototype and increase its robustness and stabil-
ity.

Theinnovative design of the transclusion struc-
tures, as well as the architecture of system
components, open up new perspectives and can
lead to more advanced functionality. Facilitat-
ing information discovery, pro-active dissemi-
nation of related content and the stimulation of
community-buildingare only afew possibilities
among others.

With the infrastructure provided by the proxy
application elaborate functionality such as au-
tomatic highlighting of information, dynamic
content adaptation and on-the-fly insertion of
related data can be introduced. This concept
can proveto be beneficial in numerous environ-
ments including electronic encyclopaedias and
digital libraries.

These ideas will be discussed thoroughly in a
future paper.
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