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Abstract: Hypertext links play an important role in tracking the relationships within and 
among sets of docmnents. In our paper we discuss two approaches to creating 
dynamic workflow charts with time-sensitive linking and navigation support 
for training time-based project management in distributed Web-based 
enviromnents. A bottom-up approach is based on the XML Linking Language 
(XLink) and the top-down approach is based on the XML Topic Maps (XTM) 
1.0 specification. 
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1. INTRODUCTION 

Web-based project and document management platforms play an 
important role in distributed project execution. Particularly when projects 
involve numerous teams situated in various locations, such platforms 
provide an effective place and time independent environment for 
communication, information interchange and monitoring the progress of the 
project. Before implementing such a system, an organization analyses its 
information management processes with related teams, project deliverables 
and document process steps. As a result of the analysis, the organization has 
defmed document classification, uses, user groups, life cycles, states (such as 
new - in work - for approval- published), structure of project portfolios and 
fmally, a flowchart of the whole process. The organization-specific process 
flowchart is an essential tool for training project teams, members and 
managers in organizations. The chart makes it easier for project members to 
understand their roles and responsibilities in a project. They can see 
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themselves as parts in a whole workflow. This often helps project teams to 
adopt a new project management system and new ways of action, adds 
commitment and minimizes possibly existing resistance to change. 

However, mapping training project operations against the project 
schedule is a problem with a static flowchart. Project management 
instructors need additional methods and tools to illustrate temporal 
characteristics of a project and to create time-based views to project 
repositories. The main object of training time-based project management in 
enterprises is to decrease project lead-times and bring economical benefits 
with increased competitiveness. 

In our paper we discuss two approaches to create dynamic workflow 
charts with time-based linking and navigation support. The bottom-up 
approach is based on the XML Linking Language (XLink) specification, 
which has a recommendation status in the W orId Wide Web Consortium 
(W3C). XLink provides richer and more flexible mechanisms for defining 
link traversal rules than traditional (X)HTML. The top-down approach is 
based on the XML Topic Maps (XTM) specification, which is the Web 
version of the ISO 13250 Topic Maps standard (ISO 13250; XTM 
TopicMaps.Org 2003). 

The remainder of the paper is organized as follows. Related work is 
reviewed in Section 2. The concept of time-sensitive hypertext linking 
mechanism is introduced in Section 3. Bottom-up and top-down approaches 
to create dynamic workflow charts with time-based linking and navigation 
support are discussed in Section 4. Our conclusions and issues for further 
research are presented in Section 5. 

2. RELATED WORK 

Open hypermedia is an area that has been studied by the hypermedia 
community for several years and for which a number of systems have been 
implemented (Bieber et al. 1997; Carr et al. 2000; Carr et al. 2001; Gnmbrek 
and Trigg 1999). In open hypermedia systems (OHS), links are managed and 
stored in special databases called link databases or linkbases. The idea of 
abstracting links from documents allows for a great deal of flexibility in link 
maintenance and re-use. The XML Linking Language (XLink) is 
increasingly moving the Web towards the open hypermedia approach 
(Heimbiirger 2003; W3C 2003c). XLink is also a part of the W3C's 
Semantic Web -activity (Bemers-Lee et al. 2001; van Ossenbruggen et al. 
2002; W3C 2003a). The aim of the Semantic Web is to have data on the 
Web defined and linked in a way that it can be used by machines not just for 
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display purposes, but for integration and reuse of infonnation across various 
applications. 

Ontologies and ontology representation languages are a popular research 
topic in various communities such as knowledge engineering, natural 
language processing, co-operative infonnation systems, intelligent 
infonnation integration, and knowledge management (Carr et al. 2001; 
Guarino 1995; RosettaNet 2003; WordNet 2003). Some authors have also 
dealt with time ontologies (Zhou and Fikes 2002). Applications of the Topic 
Maps standard include mainly designing Web pages or portals (park and 
Hunting 2003; Pepper 2003; Pepper and Garshol 2003). Hameri et al. have 
investigated distributed project management and its training extensively, 
both from the general and time-critical point of view (Hameri, and Nihtila, 
1997; Hameri and Nihtila 1998; Hameri and Heikkila 2002). 

Our study is a complete new effort to describe time-sensitive linking 
mechanisms, apply it to time-based project management and its training in 
distributed multi-organizational project environments. 

2.1 Time-Sensitive Linking Mechanisms 

Time, as an abstract concept, means a space of time points reached from 
one another by before and after-like operators. Time is a collection of 
temporal items such as, moments, durations and instants. Things in time are 
somehow correlated with these temporal items. We call this correlation 
temporality or temporal rules. 

Time points are used to represent specific, instantaneous, points along a 
time line. Time intervals are a set of constraints between two points, a start 
and an end time. Relationships between time intervals are defined with 
Allen's 13 relations: before (t1, t2), equal (th t2), meets (t1, t2), overlaps (th 
t2), during (t1, t2), starts (th t2), fmishes (th t2), and their inverse (Allen 1991). 

In time-sensitive Web applications we can identify the following levels: 
a) content and/or pieces of content are functions of time, b) content and/or 
pieces of content as well as links between them are functions of time and c) 
links between content and/or pieces of content are functions of time. Time
sensitivity can include either predictable or non-predictable temporal 
relationships among content elements included in an application. In a 
predictable case, temporal rules can be resolved and defined before the 
application runs. Such an application consists of a single time line with 
which the different elements are synchronised. It is not affected by the 
activation oflinks and as such does not provide for non-predictable changes. 

User interactions or other external entities that lead to non-linear 
proceeding or adaptation according to the user's interest are examples of 
non-predictable temporal relationships. Non-predictable temporal relations 
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can be described with time-sensitive link traversals. Allen's interval relations 
give us a base for describing temporal rules and creating time-sensitive 
linking mechanisms and navigation support for time-based project workflow 
charts. 

3. FROM BOTTOM-UP TO TOP-DOWN 
APPROACH 

We can approach the problem of describing time-sensitive hypertext 
linking mechanisms in two ways: with the top-down and bottom-up 
approach. Extensible Markup Language (XML) is the common base for both 
(W3C 2003b). The top-down approach can be applied to describing both 
project specific and general temporal rules whereas the bottom-up approach 
concentrates on describing project specific temporal rules. 

There are organizations with only one type of project process but there 
are also organizations with multiproject processes i.e. managing several 
projects at the same time. Needs for single and multiproject management 
skills in organizations have motivated us to research two approaches in 
developing time-sensitive linking and navigation support for training time
based project management. 

The bottom-up approach in our context means (a) to describe temporal 
rules or link structures such as "ift > t1 then link to doc1 or "ift1 < t < t2 then 
link to docgroup1_2 according to Allen's interval relations and (b) to formalize 
temporal linking rules by means of expanding the multiple linking 
mechanism defined by the XLink specification with time attributes. In 
practice this means constructing links to project documents from different 
blocks and connectors of blocks of the project flowchart according to 
temporal rules, which describe the progress of the project, states of related 
documents and their time status transitions. 

When the user activates a certain block in the flowchart he/she can give 
appropriate time-conditions to retrieve related documents or he/she can 
navigate in a flowchart according to different temporal views. A specific 
search command can for instance be, "give me all documents that must have 
for approval -status within one week" or "give me all documents that I am 
responsible for and that must have for approval-status within one week". 

The bottom-up approach concentrates on constructing time-sensitive 
linking rules on the content base level. The approach is dependent on 
resources involved in a certain project and thus is very project-specific. If 
the organization needs tools for training time-based multiproject 
management, a set of common temporal rules between different projects as 
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well as project specific rules can be identified. This motivated us to research 
an approach, which includes both aspects. 

The top-down approach gives a possibility to describe temporal rules 
common to all projects and hence the time-analysis needs to be carried out 
only once, nor in connection with every project. XML Topics Maps (XTM) 
1.0 specification provides syntax for describing resource independent topic 
maps. With topic maps an associative information structure, which is located 
outside that information can be created. 

A topic map usually contains several overlapping levels, which are 
semantically cross-linked. The core of the XML Topic Maps (XTM) 1.0 
specification is formed of topics, which represent the subjects the topic map 
is about. Topics (T) can be grouped in classes called topic types. A topic 
type is a category to which one given topic instance belongs. A topic may be 
linked to one or more information resources that are relevant to the topic in 
some way. Such resources are called occurrences (0) of the topic. 
Occurrences are information resources relevant to a topic. Topics can be 
related through some association (A) expressing given semantics. Just as 
topic and occurrences can be grouped according to type so can also 
associations between topics be grouped according to their type. Each topic 
that participates in an association plays a role in that association called the 
association role. It is important to note that topic associations are completely 
independent of whatever information resources mayor may not exist or be 
considered as occurrences of those topics. The same topic map can be 
overlaid on different pools of information to provide different views to users 
at different points oftime or during different time intervals (Figure 1). In our 
case pools of information are project repositories. 
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Project workflow chart 

Web-based system for distributed project 
management and communication (DPMC) 

Multiproject documentspace 
managed by the DPMC system on the Web 
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A project-specific link, which the 
user can activate according to 
different temporal rules related to 
project doruments' statuses. The 
link is based on XLink's multi-ended 
link structLre and on Allen's time 
interval relations. 

A Topic Map with temporal rules common to several projects 

Figure 1. A project workflow chart with single and multiproject specific temporal hypertext 
linking and navigation support in distributed Web-based project management environment. 

Our demonstration will be based on the Kronodoc environment 
(Kronodoc 2003) and on the flowchart presentation of the organization's 
information processes. The flowchart can be for instance a PowerPoint file 
and the links from the blocks or connectors of the blocks of the flowchart 
point to documents managed by the Kronodoc system. The construction of 
our demonstration will proceed in two phases. 
1. we will add multiple temporal linking mechanisms to flowchart blocks. 
2. We will investigate integrating an off-the-shelf Topic Map product such 

as Ontopia's Topic Map Engine or the K42 by Empolis to the flowchart 
(Empolis 2003; Ontopia 2003). 
Already the first phase gives project management instructors new tools to 

illustrate and train time-based project management in organizations. 

4. CONCLUSIONS AND ISSUES FOR FURTHER 
RESEARCH 

In our paper we have proposed two approaches,a bottom-up approach 
based on the XLink language and a top-down approach based on the XTM 
specification, to develop dynamic workflow charts with time-sensitive 
linking and navigation support related to distributed project management and 



Developing Time-Sensitive Hypertext Linking and Navigation Support 297 

its training in organizations. We have presented our framework for 
demonstration. Although our paper has concentrated on developing tools for 
training time-based project management, the proposed approaches can be 
applied to other educational materials where flowchart presentations and 
time lines are essential such as in teaching history and natural sciences. 

An interesting issue for further research is an ontology-driven topic maps 
approach. With this approach, the ontology is an explicit artifact distinct 
from the topic map it generates. One advantage of an ontology-driven topic 
map is its maintainability. When we create the ontology fIrst from which the 
topic map will be generated we can separate the ontology design from the 
XTM implementation details. The ontology-driven topic maps approach 
makes it also possible to use existing ontologies instead of signifIcant 
investment for creating topic maps from the very beginning. 
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