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Abstract. This paper introduces a novel approach to supporting digital library
users in organising and annotating material. We have extended the concept of
open hypermedia by introducing typed links, which support: addition of (user-
defined) semantics to hypertexts, user navigation, and machine supported
analysis and synthesis of hypermedia structures. The Webvise open hypermedia
system is integrated with the World Wide Web, and has been augmented with a
type system. We illustrate the potential use in the context of digital libraries
with a scenario of teachers jointly preparing a course based on digital library
material.

1 Introduction

Digital libraries may be viewed as a digital extension and enhancement of traditional
libraries. The extensions and enhancements take place along several dimensions
including the collections of the library, access to material, management of the library
collection, and communication about the items in the collection [36]. Thus, a digital
library can be seen as a collection of both transient and persistent documents that
alows for work ranging from individual to collaborative work. Digital libraries may
aso be seen as a kind of hypermedia in the line of Bush's visions on creating a
machine (the Memex) to help humans handle scientific literature [6]. Hypermedia
technology is by many researchers viewed as a potential, powerful technology for use
in implementing digital library systems[12], [22] , [30], [38]. The World Wide Web
(WWW) [3] hypermedia system is thus playing an important role in the
implementation of most digital library systems emerging today.

This paper focuses on the application of hypermedia in the context of digital
libraries. However, we aim at adding servicesto existing digital libraries rather than at
constructing a hypermedia infrastructure for digital libraries per se. In doing this, we
focus on approaches to applying open hypermedia to the problem of organising and
annotating digital library material. Supporting digital library users in organising and
annotating material found through querying of digital libraries is a problem domain
that has been addressed by many digital library researchers [20], [25], [34]. This



paper addresses the problem faced by digital library users when having to use digital
information for specific tasks.

1.1 TheWWW and Digital Libraries

The WWW is emerging as an infrastructure implementing part of the universally
available body of information envisioned by the early hypertext pioneers.
Nevertheless, the WWW still suffers from a number of problems. These include that:

e Usersneed to own pagesin order to link from them,

« making new anchorsin documents requires these documents to be changed,

«  collaboration on live documents is not supported, and

e no other structures than documents and links exist.

Adding to this the sheer size of the WWW, the classical problem of "being lost in
Hyperspace" [8] is magnified. This means that the WWW per se is insufficient to
support dynamic annotation and organisation of digital library material.

1.2 Open Hypermediafor the WWW

The work presented in this paper build upon approaches to integrate the WWW and
open hypermedia [15], [16]. The Webvise open hypermedia service [15] provides
structures such as contexts, links, annotations, and guided tours, stored in hypermedia
databases external to the Web pages. In this way, Webvise supports users in creating
links from parts of Web pages they do not own, and to parts of Web pages without
writing HyperText Markup Language (HTML) [21] target tags. The method for
locating parts of Web pages can locate parts of pages across frame hierarchies and it
is also supports certain repairs of links that break due to modified Web pages. Support
for providing links to/from parts of non-HTML data, such as sound and movie is
possible viainterfaces to plug-ins and Java based media players [4].

The hypermedia structures are stored in a hypermedia database, based on the
Devise Hypermedia framework [4], and the service is available on the WWW via an
ordinary Uniform Resource Locator (URL). The best user interface for creating and
manipulating the structures is currently provided for the Microsoft Internet Explorer
browser pages (see Fig. 1) through Object Linking and Embedding (OLE) [5]
integration  that  utilise the Explorers Document  Object  Model
(http://wwv. w3. or g/ DOM ) representation of Web. But the structures can also be
manipulated and used via special Java applets and a pure proxy server solution is
provided for users who only need to browse the structures. A user can create and use
the external structures as "transparency” layers (called contexts) on top of arbitrary
Web pages, the user can switch between viewing pages with one or more layers
(contexts) of structures or without any external structures imposed on them. Webvise
clients are communicating with servers using the most recent version of the so-called
open hypermedia protocol (OHP) [9], which is being developed by the open
hypermedia systems working group OHSWG (ht t p: / / www. ohswg. or g).
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Fig. 1. Screenshot of Webvise Client User Interface.

1.3 Link Typesand Digital Library Material

Trigg [37] introduced the notion of link types in hypermedia. Link types were to add
semantics to the relationships between nodes in a hypertext. In Trigg [37], link types
were semantic the relationships that researchers were creating when reviewing and
discussing electronic scientific literature. In successor systems, such as NoteCards
[17] and MacWeb [27], link types has been used for structuring of many other kinds
of information.

An important aspect of introducing link types is that it supports the author of
hypermedia links in expressing his’/her intension with a specific relationship, but
equally important it can support the reader in filtering and sorting the link
relationships according to the link types assigned. Following the original ideas of link
types in hypermedia they have many potentials in the area of digital libraries which
should support users not only in finding material of interest but also to continue using
the found material for individual or group purposes. Here a hypermedia system
supporting link types will improve the digital library user in dynamically organising,
commenting and discussing material with colleagues. This paper demonstrates an
approach to construct an open hypermedia system supporting link types generally
available to users who access digital libraries through the WWW.



1.4 Structure of the Paper

The structure of this paper is as follows:. In section 2, we discuss link types and their
usage in hypermedia and digital libraries. Section 3 and 4 discusses requirements for
the implementation of typed links, and presents a prototype, called WebviseL T in this
paper, based on the Webvise open hypermedia system. Then, Section 5 discusses the
use of WebviselL T in a digital library use scenario. Section 6 discusses future work,
and section 7 concludes the paper.

2 TheNotion of Link Typesin Hypermedia

This section introduces the notion of link typesin hypermediain general and relates it
to other relevant areas of research.

Link types, or more generally types for, or knowledge of, objects in hypermedia
structures, have been proposed as a means for reifying manageable conceptual models
in hypermedia structures [27]. Having typed links may thus be useful in a number of
ways, including that link types:
 add (user-defined) semantics to hypermedia structures,

* reduce user disorientation, and

« facilitate machine supported analysis and synthesis of hypermedia structures.

Links in a hypermedia structure provides structure between nodes allowing users to
navigate. A binary link can be unidirectional, only allowing the user to jump from a
node A to a destination B, but some systems provides bi-directional links which can
be traversed in both directions. In general alink may have several destinations and the
link itself may be traversed from any one to any other of these. Thus we can speak of
physical direction of alink, expressing the navigational (and in some sense temporal)
relationship between nodes, telling the reader how to navigate through the
hypermedia structure.

With untyped links, regardless of which of the previous formsit isin, it is left to
the anchor context to explain the purpose of the link, i.e. why it was created, and what
the reader may expect to find at the other end of the link. Considering links between
two nodes, types generally alows for a semantic interpretation of the relationship
between the nodes, eg. 'A comments on B’, thereby giving the possibility of
expressing knowledge about the link as a property of itself rather than solely by the
context in whichiit is placed.

The type of the link describing a (binary) relationship between two nodes often
implies a semantic direction as well as a physical. As pointed out by Trigg [37] these
need not be the same. If a node B comments on a node A, the author of a context
might want the reader to follow alink to a node B only after having read node A. The
intended physical direction of the link would then be from A to B, whereas the
semantic direction would be from B to A, expressing that "B is a comment on A". The
distinction between physical and semantic direction can cause problems interpreting
the relationship between nodes when the two directions differ. In the example above
we have a physical direction from A to B. However, the semantic direction of the
‘Comments on’ link type has a semantic direction from B to A. In systems allowing



only unidirectiona links, in which the physical direction of links do not change, the
problem can be solved by the author making sure that the physical and semantic
directions are the same when creating the context. The directionality problem
increases if the system allows bi-directional links because the physical direction
depends on which node is selected as source-node, whereas the semantic direction is
fixed. This may lead to a situation in which both nodes could be interpreted as e.g. a
comment to the other. Ideally, in this case the system should offer a mechanism to
reverse the semantic direction of the link, depending on the physical direction
(especially if nodes are not typed in the same manner as links, thus providing the
reader a valuable help in determining the relationship between them).

The Dexter Hypertext Reference Model [18] proposes general bi-directiona and n-
ary links. Supporting such links raises a number of new issues on directionality and
types. N-ary, unidirectional links with only one source-node but several destinations
behave much like binary links (if the relationship between the source and each of its
destinations is the same). In this case, the author could provide a link from a node A
to nodes B, C, and D commenting on A. However, if the there is not the same
relationship between all the nodes of the link, the type of the link is restricted to
express the most general relationship. This relationship is a common supertype if the
types form a hierarchy. N-ary, bidirectional links make a special case. The link then
connects a set of nodes with no fixed set of source nodes, and so a type can only
express the common relationship between al the nodes of the link. In this case the
semantic direction does not matter, as the semantic interpretation will be the same no
matter in which way the link is traversed.

21 Link Typesin Classical Hypermedia Systems

A taxonomy of link types for use in the hypertext system TextNet was presented by
Trigg [37]. TextNet was designed to aid in creating and reviewing scientific papers.
The taxonomy was accordingly fixed. The taxonomy consists of more than 80 types,
mainly divided into 'Normal’ and 'Commentary’ link types. Examples of the link types
belonging to the 'Normal’ category intended for providing the connection between
nodes in the text includes 'Citation’ and 'Argument’ (both being divided into further
subtypes), as well as 'Formalization/Application’ (depending on the direction of the
link). The types in the 'Commentary’ category are intended to connect statements
about a node to the node, including 'Comment’, types concerning style. Trigg notes
that a user-extensible type system is conceivable, but argues that the taxonomy is
extensive enough to cover any use of the system within the boundaries intended.
Additionally, Trigg raises three practical issues in alowing dynamic type systems:
Explosion of link types, reader confusion and system confusion.

Explosion of link types covers the situation in which the type system grows
unmanageably as a result of modifications made by one or more users of the hypertext
system. This is partially connected to the second consideration, that of reader
confusion. If users are allowed to extend the type system incrementally, it is very
likely that they will not fully understand the modifications made by others. This may
mean, that they will add new types or modifying existing ones to cover what other
users has already expressed, or misusing types for something they were not intended



for. System confusion, the third consideration, has to do with the relationships
between the hypertext system and the link types. Some systems may have a partial
understanding of the semantics of the type systems. In this case, the users may be
required to give information to the system concerning new types.

It will however amost certainly be necessary to alow user-configurable type
systems in general purpose hypermedia if one wishes to alow typed links. If the
domain in which the system will be used can not be determined in advance, then
neither can an appropriate type system. It is then up to the users of the system to
handle explosion of link types and reader confusion.

Several systems have a notion of typed links. JANUS [11] is an example of such a
system in that it is a combination of an issue-based hypertext system supporting
argumentation and a knowledge-based system. Issues in the underlying hypermedia
system are connected to each other by relationships like 'is more genera than'.
NoteCards [17] is an example of a system alowing typed links with a semantic
direction. A type is simply a label selected by the user to describe the relationship
between the source and destination node. In this way, NoteCards allowed user-defined
types. Consequently, it can in this respect be seen as an extension of the principlesin
TextNet, with a dynamic type system to allow for user-customisation with regard to
specific usage.

The type systems mentioned above can be extended from being 'merely’ typed for
the purpose of semantic reading to be type systems which allow link types to have
(user-defined) attributes as well as scripts attached to its types. In [27], an example of
an object oriented model, implemented in MacWeb, is given. In such a model a link
type can define attributes as well as scripts, and it can inherit attributes and scripts
from multiple supertypes, giving the hypermedia structure the potential of being used
in awide range of use scenarios. The type system is implemented and modified in the
hypermedia structure along with the contents itself.

2.2 Link Typeson the WWW

In the case of the WWW, HTML allows the marking of aregion in a node as being a
link to an entire node or into an anchor in a node. In HTML links are unidirectional,
and only supports one source and one destination anchor. They are also embedded in
the documents they link. The most common use of alink in HTML isto fetch another
document. However, the suggested HTML+ standard [32] made a proposal for the
embedding of typesinto links. Types were to be embedded in links and the type of a
link should be specified via the 'rel” and 'rev’ attributes of a link. Some predefined
types for processing of documents existed, while user defined link types were also
made possible. The current HTML standard proposal [21] contains a subset of the
HTML+ specification on link types.

2.3 Link Typesin Open (Hypermedia) Systems

Many open hypermedia systems have been implemented, e.g., Chimera [1],
Microcosm [10], DHM [13], HyperWave [26], and MultiCard [33], but none of them



support a link type system coming close to that of TextNet or NoteCard. Microcosm
supports different link behaviours for what is called specific links, generic links, local
links, and retrieval links. However, these different link behaviours do not correspond
to any semantic link types as described above. Some of the systems, e.g. DHM,
supports the addition of general user-defined attribute/value pairs to objects in
hypermedia structures. This means that, in principle, a ssmple way to provide typesis
provided: Users or implementers may use the attribute/value pairs to encode a type of
a hypermedia object. However, no use has generally been made of this facility with
respect to providing types. Thus, to our knowledge, no open hypermedia system has
implemented thorough support for link types, including hierarchical type systems and
editors and browsers for link types. The 'ComMentor’ architecture [34] provides
means for annotating Web pages. This facility may be used in a similar way as
attribute/value pairs to simulate types of links.

2.4 Typesin Programming L anguages

Since the 50's, types have been an integral part of many programming languages [35].
In programming languages, a type is a set of entities having some properties in
common. An example of atypeis'integer’: Integers may be added, multiplied, and so
on, whereas integers cannot be compared to strings. Any entity belonging to the set of
'integers’ is guaranteed at least to have the properties of integers. Thus, types in
programming languages may be viewed as providing the user of an entity with a
"contract" on the capabilities of that entity. Object-orientation [24] gives a highly
structured view on types. Entities in an object-oriented program (‘objects) are seen as
instances of concepts (‘classes). These concepts are the types of (typed) object-
oriented programming languages. Just as concepts in the real world may be structured
by means of classification and composition, object-oriented programming languages
support classification and composition of types. Types may be classified in
taxonomies, or classification hierarchies, and types may be used in defining other
types through composition. The notion of (link) types for open hypermedia introduced
in this paper isinspired by the object-oriented view on types.

3 Designing and Implementing Typed Link Support for Digital
Libraries

In this section, we first discuss the design of alink type system for open hypermedia.
Then we discuss the integration of open hypermediain digital libraries. Finally, based
on this discussion, we describe the implementation WebviseL T, a prototype of an
open hypermedia system extended with link types, based on Webvise.



3.1 Design of Support for Typed Links

As discussed, types can be seen as modelling concepts that cover relationships
between components in the hypermedia domain that a concrete hypermedia structure
is al about. Trigg [37] discusses scientific writing and mentions types such as
comments and argument. Nanard et al. [27] discuss the use of types (in general) to
represent knowledge and mention link types such as "Has Painted" or "Has Carved"
for educational hypermedia structures. Ideally then, a design of typed links would
incorporate means for at least classification and composition of data and actions. This
disqualifies the simple types of e.g. NoteCard [17] (that are merely tags or labels on
exigting links). Also, if link types are to be used dynamically in daily use, severa
conditions must be met. Firgt, it should be possible to have typed and non-typed links
co-exist. Second, the type system should be so dynamic that it allows evolution while
in use. The necessary dynamics may be achieved by, among others, alowing users to
add attributes to links without changing their type, to change the type system without
"breaking" the types of existing links, and to change the type of links dynamically.
Then, if a general-purpose open hypermedia system, like Webvise, is to implement
link types, it certainly should not implement afixed type system, but rather a dynamic
one specific to individual contexts.

We thus view types as evolving, external, and encompassing data and action: A
link type has a set of data and actions, and link types can be specialised. As an
example, in this conceptua view Trigg's 'Argument’ link type is a specialisation of a
'‘Normal’ link type. It might have an attribute 'Against’. The 'Normal’ link type might
have an action. Any link with type 'Argument’ would then have an ’Against’ attribute
and the action of the 'Normal’ link type.

3.2 Integrating Open Hypermedia in a Digital Library Architecture

Since our approach is to introduce typed links in digital libraries by means of an open
hypermedia system, we need to describe how open hypermedia may fit in as a value
adding service in arbitrary digital libraries accessible via the WWW. Open
hypermedia systems as well as digital library systems may be roughly described as
three-tier architectures as shown in Fig. 2 in a dightly modified version of Bass et
al.’s[2] software architecture notation.
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The digital library materia is accessed via a WWW portal in the architecture
above. The portal may integrate a number of library sources through a common
webserver and metadata gateway. The open hypermedia system can be integrated in
an orthogonal manner and the hypermedia structures can be stored externally to the
library sources. The open hypermedia service may be provided on the same server as
the digital library portal server or on a separate server. The only assumptions are that
the Web browser in question can communicate with the open hypermedia client
(Webvise in this case) and that the addresses (URLS), provided by the WWW portal
server, are stable.

3.3 WebviseL T Architecture and Implementation

Extending the storage layer of Webvise to implement link types would seem ideal:
Webvise is written in the object-oriented language BETA [24], and the structure of
our link types coincide with the structure of object-oriented types. This is, however,
not a very good idea for several reasons. First, the structure of link types are most
profitable created in situ, and BETA - or any other typed, class-based language - is
currently not capable of supporting this in the generality that is demanded. Second,
there is a generad trend in (open) hypermedia towards standardisation
(http://ww. ohswg. or g) meaning that directly extending the storage layer of
Webvise, implementing link types and sub-types of the 'link’ class in Webvise, would
be problematic since it almost certainly would have to change. Third, types may best
be viewed as externa to hypermedia structures. In this way types may have an
existence across different hypermedia (and hypermedia systems).



The implementation of WebviseL T is based on the current version of Webvise and
runs on the Windows NT/9x platform. Fig. 3 shows how the architecture of
Webvisel T fitsinto the general open hypermedia architecture model described above.
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Fig. 3. Current Architecture of WebviseL T

The Webvisel T client is shown as a process communicating via TCP/IP with the
Webvise server. The Webvise server implements a standard, layered open hypermedia
system architecture. The WebviselL T client communicates with external applications
such as Microsoft Word and Microsoft Internet Explorer using OLE communication.

Only subcomponents of the WebviseL T client that concern the implementation of
link types are shown. Of these, the 'Link Type Facade’ component is central for the
extension of Webvise. The instantiation and associated use of the component is an
application of the 'Domain Model Concealer’ architectural pattern [19]. It handles all
saving, loading, and interpretation of link types on the client side by effectively
transforming it’s interface into cals to the server. This means that the OHSWG
standard communication protocol used by Webvise has been dightly extended to cater
for link types. Since the facade is the sole point of handling of link types in the client,
changes to representation of link types are simple to make. This was seen as a



necessity since the server component of the Webvise system was actually changed to
conform to the new standards of the OHSWG.

Scripting. A vital part of semantics is action. We make a preliminary attempt at
providing this for link types by incorporating scripts written in TCL/TK [31] into
links. Since attributes with the name 'Script’ are interpreted as TCL/TK scripts, scripts
are edited in the client in the same way that attributes are edited. An example of thisis
shown in Fig. 5, below. The script maintains a usage count ('noOfUsages)) for the link
and a date at which the link was last followed ('lastUsed’) for any link with a type that
is’Link Type or a specialisation thereof.

The current simple implementation executes the scripts on the client, and only
when following links or presenting anchors, but more elaborate tailoring schemes are
imaginable and desirable.

Representing Link Types. The directed acyclic graph of link types is saved in XML
format [39] as an attribute on a context object. An example of thisisshownin Fig. 4.

<l'i nktypes>
<li nkt ype>
<t ypei d>0</ t ypei d>
<typename>Li nk Type</typenane>
<typeattributes>
<at t rname>noCf Usages</ att r name>
<attrval ue>0</ attrval ue>
</typeattributes>
<supertypes></supertypes>
</linktype>
<li nktype>
<t ypel d>1</typei d>
<typename>Qual ity of Source</typenane>
<typeattributes>
<at tr name>Why</ at t r nane>
<attrval ue></attrval ue>
</typeattributes>
<supertypes>
<t ypei d>0</ t ypei d></ supert ypes>
</l nktype>
</1i nktypes>

Fig. 4. Example of XML Format of aLink Type System.

The example defines a link type system with two types ‘'Link Type' and 'Quality of
Source. 'Link Type' has a’'noOfUsages' attribute with the default value ’0’. 'Quality of
Source’ also has a 'noOfUsages attribute with the default value '0’, since it is a
subtype of 'Link Type'. Moreover, 'Quality of Source’ has an attribute "Why' with no
default value. If alink has a type, the type is saved as an attribute on the link. This
attribute has an id into the link type system as value. If the link does not have a type,
such an attribute does not exist on the link.

By using XML format, the link type system can be represented and stored
externally to contexts. This means that it becomes possible to exchange link type
systems, not only between contexts, but also between different hypermedia systems.



More, combination of link type systems may aso facilitated. This may potentially
lead to conflict with respect to e.g. naming. See section 6.2 for a discussion of this.

Integration with Other Applications. In order to use the typing mechanism
efficiently in actual work, the functionality of WebviseL T needs to be integrated with
commonly used applications such as Microsoft Word or Internet Explorer. This
means, among others, that external applications need to be able to visualise types of
links. As an example, the OLE communication from Webvise to Microsoft Internet
Explorer was changed to pass on the name of the type for the link being presented.
Currently, the name of the type is simply inserted as a'title’ on links [29] This creates
a tool-tip with the name of the link type when the mouse is placed over the link. In
thisway (part of) the knowledge incorporated in the link type is passed on to the user
immediately.

If the link is not explicitly typed no type description will appear. Later we will
touch upon what type of information to give the user when presenting links.

4 Dynamic Useof Link Typesin WebviseL T

In this section, we discuss aspects of the creation and use of link types based on
Webvisel T.

4.1 Tailoringthe Type System

In WebviselL T, editing of link types is done in a graphical link type editor presenting
the user with a view of the type system (Fig. 5.) Using the editor, a user may freely
add and delete types as well as add and remove specialisations between types. For any
type, a number of attributes and their default values may be specified. In Fig. 5it is
e.g. indicated that the basic link type (Link Type) has five attributes ('Type name’,
'Owner’, 'LastUsed’, 'noOfUsages, and 'Script’). This means that any link that has the
type ‘Link Type' (or a specialisation hereof) is guaranteed to have at least these five
attributes. Furthermore, such links will have a 'Script’ attribute with the default value
shown in the window on top.

It is possible to change the type hierarchy after having assigned link types to links.
Thisintroduces the difficult problem of schema evolution and database reorganisation
[23]: Since atype for alink may be viewed as guaranteeing a specific interface of a
link, any editing of the link type hierarchy must preserve this property. In the current
implementation any addition to the link type hierarchy that does not affect existing
typed links is unproblematic. An example of such a change would be to add an
‘Intermediate’ type as a specialisation of the 'Required Knowledge' type. However, a
change to the type of an existing typed link will affect that link. If the type is
removed, the link will be untyped. If the type is changed, the link will have the type
reapplied. Thus, the interface property is preserved.
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4.2 Dynamic Assignment of Types

Evidently the user should have a way to specify and inspect the type of a given link.
This is accomplished through the tree-based type selection dialog. With a link of a
given typethe list will open with that type marked (Fig. 6.) If the link is not typed, no
element of the list will be marked.
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Fig. 6. Available Link Types Viewer and Selector.



A most genera type will be the root of the tree and subtypes of a type will be
shown on a branch node of a type’s node. In the case of multiple inheritance for a
given type it will appear under each super type. This may potentialy lead to
exponentially large trees, but it certainly gives the most accurate description of the
relation between types. Upon accepting the dialogue, the selected link in the
WebviseL T client is assigned either the chosen type or no type if no type was chosen.
After the assignment of atype to alink, the user may freely add and remove attributes
of the link not connected to the assigned link type (not shown). One might also allow
the user to choose more than one type from the dialogue, thus allowing multiple
inheritance for asingle link to be declared on the fly.

4.3 Querying Contexts With Typed Links

A genera query framework for contexts has been examined. This has been done using
a (dightly changed) and simplified version of the Object-oriented Query Language
(OQL) [7]. This general query mechanism has been used to implement a simple query
mechanism for searching contextsin WebviselL T

The user interface is rather simple (Fig. 7). It allows for searches on hypermedia
components such as links and anchors using a list of simple conjunctions or
digunctions. In Fig. 7, a context named 'Hypermedia Course 99 is searched for link
components with type 'AdvancedPrimary’ that has a usage count greater than 5.
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Fig. 7. The Search Dialog. Searching for Links with Type 'AdvancedPrimary’ that
have been followed at least five times.



By pressing "More", the user may include more search criteria. Pressing "Less'
would mean that the search for "Attribute Value" that "is greater than" would be
excluded from the search. This means that the search will be for links with type
'’AdvancedPrimary’ that has an attribute named "noOfUsages'. The result of the
current search is, as shown in the results canvas, four elements representing links. If
such an element is double-clicked, the first node, to which the link belongs, will be
presented in the node browser of the WebviseL T client and the link itself will be
presented in the link browser of the WebviseL T client.In order to communicate the
query, it is trandlated to an equivaent (simplified) OQL query and executed on the
server.

5 Applying WebviselL T in Digital Libraries: A Use Scenario

This section describes atypical use of digital libraries in the planning of a new course
based on digital library material. Open hypermedia can be used to organise digital
library material for the specific purpose of a user. Organisation may consist in
creation of collections, hierarchies, linked paths, and annotations. The notion of
semantic types further enriches the means for organising material.

5.1 The Setting

Christiana is teaching at a school of library science and Miguel teaches at a computer
science department. Together they are planning a new course in hypermedia that will
have participants from both sites. Since their daily workplaces are in different
locations, they decide to do the planning over the Web supplemented with phone and
email conversations. They have access to both international and national libraries as
well as publishers through a common Web portal. They also have access to the
WebviselL T system, which enable them to share their planning documents and their
collaborative structuring of the digital library material they find via the portal. Both
Christiana and Miguel are creating documents on their desktop containing outline
proposals of the course, lists of proposed readings, etc. The central documents and the
type system they create are illustrated in the Figs 5-7, with a temporary plan as the
central document with typed links to the different sources. This plan is placed on a
server that both have access to.

5.2 Organising Material

When planning the specific sections of the course, the teachers issue a number of
queries for relevant digital library materials. The results are organised with the
WebviselL T system supporting link types. The dynamic planning documents are
managed in MS Word extended with open hypermedia, and the library sources are
accessed via an open hypermedia augmented nternet Explorer. A temporary plan for
the topics of the course is made in Microsoft Word after phone based discussions.



The two teachers start introducing link types to distinguish between the links they
create to the digital library sources. They develop their own conventions about
semantic link types similar to the types introduced by Trigg [37] for reviewing
scientific literature. For instance, they introduce link types such as 'Introductory’,
"Experienced’, and 'Advanced’ to distinguish sources based on the knowledge required
to read them (Fig. 5). To facilitate the discussion of the quality of the sources, they
introduce link types such as 'Recommend as Primary Reading’, 'Recommend as
Background Reading’, and 'Useless. As they are collecting source material, they
create anchors for links in the planning document and links to the relevant sources.
Link types are then assigned to the links (Fig 7) and used to communicate why the
actua link to a document isincluded. As they continue to organise the material, links
with multiple types are needed. To express, e.g., that a text that is 'Recommended as
Primary Reading’ requires a knowledge level of 'Advanced in order to read it,
Christiana creates a new link type 'AdvancedPrimary’ that has 'Advanced’ and
'Recommend as Primary Reading’ as supertypes and assigns this type to the link. New
link types are introduced as needed.

Both of the above sets of link types are meant to express assessments about the
destination node as a whole. Also a number of types are used to provide meaning to
the referential links between anchored segments of the material. These types are
typically called 'Elaborates, 'Exemplifies, 'Contradicts, 'Explains, etc. Miguel may
also decide to prepare the hypermedia structures for monitoring the students use of the
material. To facilitate ssmple monitoring of the students use of the context they
create, Miguel adds attributes to al link types ('noOfUsages, 'lastUsed’) and create
scripts to process the use of the context (Fig 6).

5.3 Useof Material

The teachers use the type mechanisms to generate filtered browsers for their students,
based on their own collection of resources. They decide to provide their students with
filtered browsers for resources of the types 'Recommended as Primary reading’ and
'Recommended as Background reading’ for each week as well as the full length of the
course. Their use of attributes and scripts enables them to get a picture of the usage of
the online material. If e.g. they want to know how many link followings there has
been to advanced material they have found "recommended as primary reading”, they
may perform a search as shownin Fig. 7.

As the contexts given to the students are identical to the teachers, except that
useless resources are filtered out, the students have access to the referential links
between papers as well as the notes made by the teachers. To some of their students,
this is a nice feature. Although they may prefer to read the articles on paper rather
than the screen, they will go through next week’s context in WebviseL T as part of
their preparation. Doing this, they may find that the referentia links and the
occasional notes help in reading the papers. And as the course progresses, they may
lift parts of the resources in to their own contexts in order to make some of their own
thoughts of the papers and their relationship persistent.



6 Statusand Future Work

This section first describes a brief status of the WebviseL T prototype and then we
briefly discuss a number of possible extension to WebviseL T and the notion of types
in open hypermedia in general. The approach to adding typed links to open
hypermedia has been implemented in WebviselL T as an extension to Webvise. The
current version of Webvisel T may be downloaded from
http://ww. dai m . au. dk/ ~mari us/ hyper nedi a/ webvi se/ .

6.1 Typed Components

In this paper, we have primarily focussed on typed links. The above discussion about
type systems for links generally applies to type systems for any kind of component in
a hypermedia system [28]. In the object-oriented model of MacWeb, e.g., types for
nodes can be handled in much the same way as types for links. While the type of links
helps to identify the relationship between the source and the target(s) of the link, the
type of nodes may help identify the classification of a node. This is probably even
more o if the type system for linksis 'weak’, meaning alink of a given type may lead
to more than one type of node. Such an extension would be fairly easy in Webvisel T,
since the mechanisms used to handle attributes (of which the type it self is one) for
links would work for all types of components.

In the same manner, WebviseL T could easily be extended to alow typing of its
built-in pop-up notes. WebviseL T supports insertion and subsequent sharing of notes
on arbitrary points of awebpage. When selected the note will be displayed in adialog
box. Typing of notes would, as is the case with links, provide the reader with
additional information about the contents of the note, prior to following it, making it
possible for the reader to avoid opening notes that are not of interest.

6.2 Combination of Contexts

We tend to believe that dynamic type systems will generally evolve into relatively
closed type systems, which only rarely needs to be modified. If thisis true, then we
should certainly cater for the users, who creates new contexts every once in a while.
We took the design decision of placing the type system in the context, rather than
globally in the system, but it ought to be able to transfer or share type systems
between contexts. This poses some problems, however. What should be done if atype
system is imported into a context with an existing type system? Should it simply
replace the old type system, or should the system try to merge them? This again
introduces the problem of schema evolution that could be handled more generally
than in the current implementation. The user might for example use domain
knowledge to specify a graceful merge of type systems.

Another issue is importing one context into another. If the components of the
imported context have been typed, how should this be handled? In particular, clashes
of type names require human resolving.



6.3 Presenting Navigational I nformation

As previously discussed, it is necessary to visuaise link types in external
applications. When Webvise is further extended to allow other kinds of typed
hypermedia components, this knowledge has to be displayed as well. Yet a possible
extension would be to show the document type of the target, i.e. the application which
will present the target node. This can only be done if there is only one possible target
for a link, but it could be used in a list of possible targets as well. The benefit of
presenting one or more of the above navigational information would be added
predictability when navigating the context. Possibly the user could avoid following
links which led to targets of no particular interest in the current use situation.
However it would also mean an added overhead for presenting nodes, if al links in
the node had to be resolved in advance to determine the attributes of the target(s).
This is not a problem when confining the system to show only the type of the link,
since thisinformation is accessible anyway.

6.4 Typing Types

Although our implementation supports an object-oriented type description, the actual
types are not stored in such away at al. To gain the full strength of this approach we
still have to consider a number of enhancements. Especially important is typing of
attributes of types. Currently all attributes are considered as being of (data) type
'string’. An extension could also support composition and association between types,
supporting the structuring mechanisms from object-oriented programming languages
in full generality. Also, when the standardised server is in place rea, strongly typed
links via dynamic linking or interpretation could profitably be considered. This will
also include extended and general scripting support.

7 Conclusions

This paper has introduced an approach to support digital library users in organising
and annotating material found in digital libraries. This approach is based on open
hypermedia. It has taken the open hypermedia approach a step further by introducing
support for typed linksin open hypermedia and in turn demonstrated the potentials for
digital library users.

Link types in open hypermedia support: addition of (user-defined) semantics to
hypermedia structures, reduction of user disorientation, and machine supported
analysis and synthesis of hypermedia structures. A type specifies a set of attributes
and methods are guaranteed to exist for links of that type, thus giving semantics to
links. Moreover supporting users in defining their own types with corresponding
semantics to links is important in the context of emerging structures. The Webvise
open hypermedia system, which is tightly integrated with the MS Internet Explorer,
has been augmented with a type system according to this approach. Finaly, the



potential use of WebviseL T in the context of digital libraries has been illustrated with
a scenario of teachersjointly preparing a course based on digital library material.
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