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Preface 

Knowledge Management (KM) is one of the key progress factors in organizations. It involves explicit and persistent 
representation of knowledge of (geographically) dispersed groups of people in the organization, so as to improve the 
activities of the organization. Although KM is an issue in human resource management and enterprise  organization 
beyond any specific technology questions, there are important  aspects that can be supported or even enabled by 
intelligent information  systems. Especially AI and related fields provide solutions for important parts of the overall 
KM problem. 

Identification and analysis of a company's knowledge-intensive work processes (e.g., product design or strategic 
planning). Knowledge Engineering and Enterprise Modeling techniques can contribute to this topic. The analysis of  
information flow and involved knowledge sources allows to identify shortcomings of business processes, and to specify 
requirements on potential IT support. 

In an organization, know-how may relate to problem solving expertise in functional disciplines, experiences of human 
resources, and project experiences in terms of project management issues, design technical issues and lessons learned. 
The coherent integration of this dispersed know-how in a corporation, aimed at enhancing its access and reuse, is called 
"corporate memory" or "organizational memory" (OM). It is regarded as the central  prerequisite for IT support of 
Knowledge Management and is the means for knowledge conservation, distribution, and reuse. An OM enables 
organizationallearning and continuous process improvement. 

Activities underlying knowledge management in an organization can comprise detection of needs, construction, 
distribution, use and maintenance of the corporate memory. It demands abilities to manage disparate know-how and 
heterogeneous viewpoints, to make it accessible and suitable for adequate members of the organization. When the 
organization knowledge is distributed onseveral experts and documents in different locations all over the world, the 
Internet or an Intranet inside the organization and World Wide Web (WWW) techniques can be a privileged means for 
acquisition, modelling, management of this distributed knowledge. 

Examples of interesting topics for organizational memories are:  

• Dimensions of knowledge management: organization, competence, methodology... 

• Enterprise modeling  

• Artificial Intelligence methods or techniques for construction of computational corporate memories (knowledge 
bases, case bases, intelligent documentary systems, agent-based systems...) 

• Business Intelligence Solutions for KM  

• Intranet Solutions for KM  

• Document Management Solutions for KM  

• MultiMedia solutions for KM  

• Content Management solutions for KM  

• Architectures for KM/OM systems  

• Integration of formal and informal knowledge in KM/OM  

• Integration of knowledge from different groups in an organization  

• Knowledge sharing between different groups in an organization (possibly via Internet/Intranet) 
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• Cooperative (possibly Web-based) building, adaptation and evolution of a corporate memory 

• Building and Exploiting a Corporate Semantic Web  

• Web-based repositories for sharable ontologies and reusable problem-solving methods 

• Web-based terminology servers  

• Assessment of concrete applications for knowledge management  

• Case studies of building KM/OM in enterprises  

• Active, context-dependent knowledge supply  
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Enhancing Experience Management and Process 
Learning with Moderated Discourses: the indiGo 

Approach  
 

Klaus-Dieter Althoff1, Ulrike Becker-Kornstaedt1, Björn Decker1,  
Andreas Klotz2, Edda Leopold2, Jörg Rech1, Angi Voss2  

  

                                                 
1 Fraunhofer IESE, Sauerwiesen 6, D-67661 Kaiserslautern, althoff@iese.fraunhofer.de 
2 Fraunhofer AIS, Schloss Birlinghoven, D-53754 Sankt Augustin, angi.voss@fraunhofer.de 

Abstract. The indiGo project aims at improving process 
knowledge by successive consolidation of feedback, ranging 
from private annotation, through structured communication in 
communities of practice, to improved process models and 
lessons learned. It develops a methodology and integrates 
previously independent software for process modeling, 
moderated discourses, experience management and text 
mining. Both will be evaluated in case studies. 
 
1  INTRODUCTION 
 
The business process models of organizations operating in 
innovative, knowledge-intensive or service-oriented markets 
are one of their major knowledge assets and a competitive 
advantage. However, these models need to be constantly 
evaluated and hardened in the business of those organizations 
and enhanced by further knowledge to make them operable.  
The approach of the project indiGo3 (Integrative Software 
Engineering using Discourse-Supporting Groupware) is to 
support this evaluation and enhancement offering members of 
an organization to engage in discourses about the process 
models and their execution (communities of practice) and by 
presenting process-related lessons learned fitting to the current 
project context. On the organizational level, finished 
discourses will be analyzed and summarized to improve 
process models (process learning) and create new lessons 
learned (learning from experience).  
To achieve these objectives, indiGo will develop an integrated, 
comprehensive set of methods and a technical infrastructure as 
a joint effort of two Fraunhofer Institutes: Fraunhofer IESE 
(Institute for Experimental Software Engineering) in 
Kaiserslautern and Fraunhofer AIS (Autonomous Intelligent 
Systems) in Sankt Augustin. 

 
2  THE FRAMEWORK 
 
indiGo’s key objective is to create and sustain living process 
models, that is, process models that are accepted by the 
organizations members, adapted to organizational changes on 
demand, and continuously enriched with experience from the 
operating business of the organization. 

 
 
 

2.1  Example 
 

For example, assume Ms. Legrelle, a team leader in the 
organization, has to compose an offer for a subcontract from a 
small start-up. The process model for the acquisition of 
industrial projects has a subprocess devoted to the contract. It 
suggests that the payment scheme should not be too fine-
grained in order to minimize administrative overhead. Ms. 
Legrelle feels uncomfortable with this guideline. The year 
before she had had a subcontract with another start-up, Orion, 
which got bankrupt, so that the last payment was lost for her 
team although they had completed the work. Ms. Legrelle 
prefers to design the new offer with a frequent payment 
schedule, at the cost of more overhead in the administrative 
unit. 
Clearly, Ms. Legrelle would not like to modify the 
organization’s process model (1) for industrial project 
acquisition on her own - it is not her job and her view may be 
too subjective. She would probably agree that her experience 
with the Orion project be recorded as a lesson to be learned, 
but even so, she would hardly take the trouble to fill in the 
required form to create an “official” case (2). Rather, she 
would like to suggest her exception from the guideline to her 
colleagues, backed up by the example of Orion, and wait for 
their responses (3). Whatever the conclusion, she would 
probably add it as a personal note (4) to the guideline in the 
respective subprocess. A discourse is a deliberative, reasoned 
communication, it is focused and intended to culminate in 
group decision making (Erickson 1999). An e-discourse is 
text-based and conducted (partially) through internet 
technology. In e-discourses, more persons can participate, the 
audience may be distributed in space and time, vary in size, 
composition, background. However, in today’s web-based 
discussion forums, a high tendency to incoherence, drift, and 
dissolution can be observed. To bridge this tradeoff between 
promise and reality additional value must be created, and this 
should be done by exploiting the persistent nature of e-
discourses: they may be browsed, replayed, searched, 
annotated, visualized, analyzed, restructured, and 
recontextualized. 



 
2.2   Knowledge compaction, usage and 
construction 

 
indiGo takes into account all four kinds of knowledge 
occurring in the example and supports them as successive 
stages in a process of knowledge compaction (aggregation, 
condensation, summarization, or classification). Figure 1 
arranges the four knowledge categories on one layer and 
embeds it into layers of knowledge usage and knowledge 
construction. 

private annotations

group discussions

project experiences

organization‘s 
process models

e-moderation

text mining

learning

knowledge compactionknowledge construction knowledge usage

 
Figure 1.  Layers of knowledge compaction, usage and creation for 

process-centered applications 
 

Knowledge compaction is a process of decontextualization (a) 
and formalization (b) with the goal of decreasing modification 
times (c) as well as increasing lifetime (d) and obligingness 
(e); and of course more obliging knowledge should be more 
visible (f). As indicators of knowledge compaction (a-f) are 
correlated, and they exhibit a clear progression from private 
annotations to group discussions, to stored cases, to an 
organization’s process models. Private annotations are highly 
contextualized, informal, secret, and non-binding, they have a 
short lifetime and can be updated often, while process models 
are highly decontextualized, formal, public, and obliging, they 
have a long lifetime and are updated infrequently. 
The central issue in knowledge usage is how to offer the right 
knowledge at the right time. As the domain of indiGo is 
dominated by process models, they should form the backbone 
for knowledge delivery. While applying (instantiating) a 
particular process model, members of the organization should 
find - a mouse click away - supplementary knowledge in 
associated cases that are dynamically retrieved with regard to 
the users’ current project context. The supplementary 
knowledge is provided through associated discussions in the 
users’ groups and in their private annotations. 

                                                 
3 indiGo (http://indigo.fhg.de) is funded by the German 
Ministerium für Bildung und Forschung under grant number 
01 AK 915 A 

If no relevant knowledge is available, the users have 
encountered a gap in the knowledge. If they know a solution 
themselves, they may write a quick private note and attach it 
to the current part of the process model. Otherwise, they may 
raise the problem in one of their discussion groups. Other 
users may be able to help, possibly they had been confronted 
with a similar problem formerly and had written a private note 
to remember the solution. Then they may bring this note into 
the group discussion. 
Either way, if a new solution turns up and stands its test, it 
may be added as a new case to the experience base. The 
process model would be adapted periodically as substantial 
feedback is accumulated from the discussions and the new 
experiences. Again, contributing new bits of knowledge 
should be a matter of very few mouse clicks.  
To extract knowledge from a discussion for the experience 
base, the indiGo system will be enhanced by text mining tools, 
and the experience base should offer analytic tools that cluster, 
categorize, or differentiate the cases as input for improving the 
process models.  
On the one hand, indiGo is more comprehensive than 
approaches to experience management like (Althoff et al. 
2001, Tautz 2000, Bergmann 2001, Minor & Staab 2002) 
because it bridges the gap between informal, communication-
oriented knowledge and formal, organization-oriented 
knowledge and provides a socio-technical solution that covers 
individual knowledge usage as well as social knowledge 
creation. On the other hand, indiGo is more focused than 
comprehensive approaches to organizational learning like 
ENRICH (Mulholland et al. 2000). 

 
3  THE SOFTWARE PLATFORM 
 
The indiGo technical platform integrates two independent 
types of systems for a completely new service. While one 
system acts as a source for documents, like descriptions of 
business process models, the other acts as a source for related 
information, like private annotations, public comments or 
lessons and examples from an experience base. The business 
process model repository CoIN-IQ acts as the document 
source, related information is provided by the groupware Zeno 
or the experience management system CoIN-EF (Althoff et al. 
1999).  
Figure 2 shows the components of the indiGo platform as 
planned for the final version. This paper will focus on the 
version presented at CeBIT 2002, which comprises an 
integrator, CoIN-IQ, and Zeno. 

 
 
 
 
 
 
 
 
 
 
 



Browser (Netscape, Internet Explorer, Opera, …) 

Figure 2. Information flow in the indiGo platform (upper level 
presented at CeBIT 2002) 

 
The integrator acts as a middleware between the document and 
information source. On the left hand side CoIN-IQ, as the 
document source, hosts the business process models that can 
be supported by the information from the second system. 
Zeno, as the information source on the right side, manages 
annotations and discussions about the business process models 
from CoIN-IQ. 
To enhance the functionality of indiGo we connected Zeno 
with CoIN-PR (CoIN Project Registry), a project repository 
that stores all information about the projects and associated 
users. Information about the projects include, for example, the 
project type (e.g., research & development, transfer, or 
consulting), status, funding, project staff, project manager, or 
the list of participating partners.  

CoIN-PR delivers information about a specific user’s current 
projects, which is used to index contributions in Zeno with a 
project context and to construct queries for CoIN-EF. Beside 
commenting the business process models, the user will have 
the opportunity to recall context-specific lessons learned from 
CoIN-EF. To support and enhance the various roles in indiGo 
text-mining tools will be applied to analyze the discussions in 
order to detect new, previously unknown or hidden 
information for moderators and other roles, especially with the 
goal to extend or improve the lessons learned and the process 
models. 

CoIN-IQ Zeno Integrator 

indiGo Core Documents 

Based on standard internet technology indiGo is a truly 
distributed system. While Zeno is hosted on a web server at 
Fraunhofer AiS in Sankt Augustin, Germany, the CoIN system 
family is located at and maintained by Fraunhofer IESE in 
Kaiserslautern, Germany. 

Spear-
mint 

CoIN-PR CoIN-EF

 
Help Systems Related Info 3.1 The integrator  

 
The integrator is the glue between a document server like 
CoIN-IQ and a server for related information like Zeno. It 
provides an integrated view upon a document and related 
information (see figure 3). Based on Perl the integrator is a 
CGI script that offers three fundamental functions that are 
called either by CoIN-IQ or Zeno: 

Text-Mining System 

• Discuss: This function creates a split view upon a 
document and related information. In the current indiGo 
context this is a view on the specific business process 
model from CoIN-IQ in the upper part and beneath the 
appropriate discussion from Zeno. 

• Annotate: Analogous to the previous function, the 
integrator creates a split view upon a business process 
model and a personal annotation for the current user. 

• Destroy: To work with only one system this function 
collapses the split view of indiGo to a single frame. This is 
particularly helpful if the user wants to turn off the 
discussions from Zeno or if he switches into another 
discourse in Zeno that is not related to business processes. 



 
Figure 3.  Split View with CoIN-IQ at the top and a related discussion in Zeno beneath 

 
 

3.2 CoIN-IQ  
 

CoIN-IQ is IESE’s business process model repository (Decker 
and Jedlitschka, 2001). The topics currently covered range 
from core processes (e.g., project set-up and execution) to 
support processes (e.g., using the IESE information research 
service) to research focused processes (e.g., performing Ph.D. 
work at IESE).  
 
3.2.1 Baseline  
 
The objectives of CoIN-IQ can be positioned according to four 
criteria: (1) The purpose of process models, (2) the origin and 
(3) usage of the process models, and (4) the modeling 
techniques. In summary, CoIN-IQ uses structured text 
describing empirical and theoretical process models to be 
executed by human agents. This is detailed in the following. 

For the general purpose of process models, Curtis, Kellner, 
and Over (1992) identify five different categories: Facilitate 
human understanding and communication, support process 
improvement, support process management, automate process 
guidance, and automate execution. According to this 
classification scheme, CoIN-IQ fits into the first category of 
facilitating human understanding and communication: The 
processes are executed by human agents (i.e., IESE members), 
based on the process description. Supporting and enforcing 
process execution beyond this human-based approach (e.g., by 
workflow modeling and enactment as in (Maurer and Holz 
1999)) was regarded as non-suitable for the purposes of IESE 
due to the creative nature of its business processes. 
Furthermore, processes according to the process models are 
executed rather infrequently (< 10 times per month), therefore 
(a) automation of the processes was not supposed to leverage a 
high cost/benefit and (b) tracking of process status can be done 
by asking the responsible process executor. In addition, the 
experience made with the Electronic Process Guide (EPG) 
(Becker-Kornstaedt & al. 1999) showed that web-based 



process descriptions are a feasible way of distributing process 
knowledge within creative environments such as software 
business. In particular, changes to web-based process models 
can be communicated much quicker than paper-based process 
models, thus enabling quick integration of experience. 
The origin of process models can be empirical (i.e., based on 
actual processes (Bandinelli, Fugetta et. al 1995)) and 
theoretical (i.e., reflecting a planned process execution). 
Process models in CoIN-IQ have both origins: Some of the 
process models reflect well-established processes (like, e.g., 
the administrative project set-up), others represent new 
procedures (e.g., the reflection of recent changes in the 
organizational structure of IESE).  
The usage of process models can be descriptive (i.e., a 
description of a process) or prescriptive (i.e., intended to be 
used as an instruction for process execution). The process 
models within CoIN-IQ are prescriptive with different degrees 
of obligation. In general, administrative procedures (e.g., 
project accounting) have to be followed without exception; 
best-practice process models like project management 
procedures are to be seen as recommendations.  
The process modeling technique of CoIN-IQ is structured text, 
which is due to several reasons: Zero effort training, 
straightforward modeling, and perpetuation in industrial 
strength applications. Zero effort has to be spent on training, 
since any IESE member can read structured text without 
previous training. Furthermore, straightforward modeling 
means that any IESE members can model processes using 
structured text, if supported by guidelines and the CoIN team. 
This aspect is additionally fortified by the experience in 
scientific publishing of most IESE members.  
 
3.2.2 Concepts  
 
To achieve these objectives, the following information is 
captured within CoIN-IQ:  
• Process descriptions describe the activities captured within 

CoIN (e.g., project management). Complex processes are 
structured into a hierarchy of super- and sub-processes. 

• Role descriptions describe the roles that are involved in the 
execution of processes. 

• Agent descriptions are used within role descriptions to 
name roles that are performed by a specific IESE member. 

• Product representations represent a document to be used 
during process execution. 

• Overviews structure the other objects within CoIN-IQ to 
facilitate browsing. 

The discussions in indiGo are related to process descriptions, 
which consist of "Actions and Subprocesses", "When to 
apply?", "Objectives, Results, and Quality Measures", “Roles 
involved”, “Templates”, “Checklists”, and "Guidelines" (see 
Figure 4). 
“Actions and Subprocesses” describe the steps of the process 
execution. In CoIN-IQ, a distinction is made between actions 
and sub-processes. Actions are atomic steps that are not 
refined any further. Sub-processes are described in a separate 
process description according to this structure. The super-
process contains a link to the sub-process, followed by a short 
explanation of the sub-process content.  
"When to Apply" gives a short overview of a process’ context, 
thus helping the user to determine if the current process 
description is the desired one. To facilitate this overview even 
more, it is again structured into three sub-sections: Scope, 
Trigger and Viewpoint. “Scope” contains one or two sentences 
about the thematic range of a process and thus, the content of a 
process description. “Trigger” as the second sub-section 
describes the condition that starts the execution of a process. 
These triggering conditions can be events released from 
outside IESE (e.g., a customer telephone call), dependencies 
with other process executions (e.g., start or finish of a process) 
or dependencies from product states (e.g., a deliverable is 
about to be finished). “Viewpoint” contains the role from 
whose view the process is described. 
“Objectives, Results and Quality Measures” is information 
intended to guide the execution of a process. The difference 
between the three sub-sections is the increasing degree of 
quantification of quality information. "Objectives" are general 
objectives of the process. "Results" are tangible outcomes of 
the process (e.g., meeting minutes). "Quality Measures" 
describe properties of such results (e.g., the number of pages 
of the meeting minutes should range between 10 and 20) or 
the process itself (e.g., the effort spent on preparing a meeting 
should not exceed one person day). 
“Roles involved” provides an overview of the roles involved 
in the process and links the Role Descriptions. An experienced 
user can quickly find the Role Descriptions that are distributed 
within the “Actions and Subprocesses” and “Guidelines” 
Section. 
“Templates” lists the products referenced by the process 
description. This overview is intended to support IESE 
members, who are accustomed to the process and just need 
quick access to artifacts. 
“Checklists” is also intended for the experienced user. It 
summarizes important steps and results of the Process 
Description. 



“Guidelines” give hints for performing a process, like “do’s 
and don’ts” or frequently asked questions about a process. 
Furthermore, frequently used variances of a process are 
modeled as guidelines. This reduces the number of similar 
process descriptions and lowers the effort to maintain the 

process description. Each guideline has a “speaking headline” 
in the form of a question or statement, followed by 
explanatory text. 
 

 
Figure 4.  Screenshot of a process description. (Figure shows anonymized demonstrator) 

 
 
3.2.3 Integration 
 
In the indiGo platform, CoIN-IQ’s start page is automatically 
generated by Zeno from articles in a special section for 
announcements. Other modifications of CoIN-IQ for indiGo 
concern the insertion of buttons for private annotations, group 
discussions, and lessons learned. The buttons are displayed or 
hidden at the user’s discretion. Buttons are inserted for entire 
processes and for all process elements. Internally, each process 
and element is identified by a unique number for the indiGo 
integrator and the other components; this number will not 
change even if the process model is reorganized. 

 
3.3 Zeno  
 
Zeno is an e-participation platform (www.e-partizipation.org) 
(Voss 2002) with a spectrum of functions for moderated 
discourses on the web. 
 

3.3.1 Baseline 
 
Zeno comprises and extends (1) simple threaded discussions, 
(2) document-centered discourses, and (3) information 
structuring during group decision making. 
Most electronic discussion forums, like the ones mentioned 
above but also newsgroups, support simple threaded 
discussions (1). Some tools, e.g. http://icommons.harvard.edu/, 
recognize URLs or even HTML tags in the contributions or 
allow to attach documents.  
D3E belongs to category (2). It can process any hierarchical 
HTML file into a frames-based environment with automatic 
hyperlinking for navigating around sections, checking 
citations and footnotes, and tight integration with a discussion 
space for critiquing documents. Moderators may influence the 
look and feel of a discussion space, they may edit, hide, or 
delete contributions. D3E is available as open source 
(http://d3e.sourceforge.net/) (Sumner & Buckingham Shum 
1998). The e-learning platform Hyperwave eLearning SUITE 

http://icommons.harvard.edu/
http://d3e.sourceforge.net/


supports annotations and discussions of course units. 
Moreover, it offers a set of labels to characterize contributions 
as notes, questions, responses, acceptance, and rejection 
(www.hyperwave.com).  
Predefined labels for qualifying contributions are more 
familiar in tools for group decision making (3), especially for 
brainstorming (www.facilitate.com). Softbicycle’s QuestMap 
(www.softbicycle.com) distinguishes questions, ideas, pros, 
cons, decisions, notes, and references, a variant of the famous 
IBIS grammar (Kunz & Rittel 1970) which was first 
implemented in gIBIS (Conklin & Begemann 1988). Tools in 
this category usually allow to restructure the contributions, 
that is, they support maps rather than threads, deliberative 
argumentation rather than spontaneous reaction. 
The first version of Zeno, which also supported a variant of 
IBIS (Gordon & Karakapilidis 1999), was presented at CeBIT 
1996 and continuously improved up to version 1.9 in 1999. 
Since then a completely new system has been realized that 
addresses a broader spectrum of discourses in the knowledge 
society: Participatory problem solving, consensus building 
(Voss, Röder & Wacker, 2002), mediated conflict resolution 
(Märker, O., Hagedorn, H., Trénel, M. & Gordon, 2002), 
teaching, and consulting. The new Zeno focuses on e-
discourses and supports e-moderators in turning discussions 
into discourses, elaborating the argumentation, and carving out 
rationales. 
A discourse is a deliberative, reasoned communication; it is 
focused and intended to culminate in decision making 

(Erickson 1999). (Turoff et al. 1999) argued that building a 
discourse grammar, which allows individuals to classify their 
contributions into meaningful categories, is a collaborative 
effort and its dynamic evolution is an integral part of the 
discussion process. A discourse grammar (or ontology) defines 
labels for contributions, labels for references (directed links) 
between contributions, and may constrain links with respect to 
their sources and targets. Supporting communities in evolving 
their own discourse grammars has been a key issue in the 
design of Zeno.  

 
3.3.2 Concepts 
As a consequence, Zeno distinguishes three kinds of objects: 
Sections to tailor the settings for an e-discourse, articles as 
units of a communication (contributions), and links as directed 
relations between articles or even sections (see Figure 5). 
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Figure 5.  The search view in the overview section of a spatial decision making discourse in Zeno 

 
Moderators specify the readers, authors, and co-editors of 

the section, its discourse grammar, a style sheet to control the 
presentation, and plugged-in functionality (for mapping, 
awareness, polling, etc).  
An article has a title, usually a note (plain text or html), and 
possibly document attachments. From its author it may get a 
label to indicate its pragmatic (or ontological) role in the 
discourse (e.g. issue, option, criterion, argument, decision, 
summary, question, comment), and it may receive an 
additional qualifier from the moderator (e.g. green, yellow, red 
cards). Articles may be selected (and deselected) as topics and 
may be ranked to influence their ordering. An article may have 
temporal references (to be displayed on a timeline), keywords 
(to be searched together with the title and note), and attributes 
related to its visibility and accessibility. 
Links between articles or sections may be labeled to express 
relations, such as refers-to, responds-to, justifies, questions, 
generalizes, suggests, pro, contra) so that complex networks 
(or hyperthreads) can be built. Links between Zeno articles 
and sections are visible at both end points and can be traversed 
in both directions. They are automatically maintained by 

Zeno, so moderators may edit, copy, and move groups of 
articles with their links.  
Zeno links may also point to external web resources; they are 
used for document references in indiGo and for spatial 
references (to be displayed on a map) in KogiPlan 
(www.kogiplan.de).  
Users are received on a personal home page. Here they can 
bookmark and subscribe sections in order to be notified of 
their latest contributions. Each section offers different views: 
The latest articles, the topics, the complete article structure, a 
sorted list of articles as a result of a full-text search, the 
hierarchy of subsections, or the timeline. Authors may create 
or respond to articles in a section, and moderators may edit, 
move and copy articles, change links and assign labels, and 
manipulate sections. Users and groups are administered 
through an address book.  
Zeno can be accessed from any regular web browser without 
any local installations. The Zeno server is implemented on top 
of open source products: tomcat as web server and servlet 
runner, velocity for templates in the user interface, Java for the 

http://www.kogiplan.de/


kernel, and MySQL for the data base. Zeno itself is available 
as open source (http://zeno.berlios.de/). 

 
 

3.3.3 Integration  
 
In Zeno, document-centered discourses, or more specifically, 
discourses about process models, are made possible through 
the indiGo integrator and some indigo-specific adaptations of 
Zeno.  
The structure and ordering of process models and their 
elements is reflected in the hierarchies of sections and their 
ranking. The mapping between these structures is 
accomplished through Zeno links, the names of which encode 
identifiers for the process model and element. 
Moderators first create entries for users and groups in the 
address book. Next, to generate a section for discussing a 
process, the moderators click on the “discussion” button of the 
process or any of its elements and then select a group as 
readers and writers for the discussion. Subsections for 
discussing process elements are created on demand, when 
users click on the associated processes and selects the 
discussion group. The subsections inherit the discourse 
grammar of their super-section and are restricted to the 
selected group as authors.  
When a user clicks on an “annotation” button for the first time, 
a personal section is created. This section and its subsections 
can only be accessed by this user with all rights of a 
moderator. Subsections for processes and their elements are 
again created on demand, when the user clicks on the 
corresponding “annotation” buttons. 
The start page of the indiGo system is automatically 
generated. The upper part displays announcements. These are 
articles in a section called “StartPage” , can be edited by all 
indiGo moderators. Beneath the announcements, the start page 
lists all new articles in the user’s discussion groups. This 
service replaces the subscription and notification mechanism 
that is otherwise available on the users’ personal home page in 
Zeno. For the introduction and operational phases different 
discourse grammars will be available. “info”, “question”, 
“comment”, “suggestion”, “example” are the article labels 
during introduction, “observation”, “problem”, “suggestion”, 
“solution”, “example” and “summary” are the article labels 
during operation. Link labels are in both phases “re”, “pro”, 
“con”, “see also”. Qualifier will include “closed” to indicate 
threads with a conclusion, and “invalid” to indicate threads 
that may have become invalid due to modifications of the 
process model. To come back to the introductory example, Ms 
Legrelle could have attached a “problem” to the guideline on 
payment schedules, “re”sponded with a “suggestion” 
concerning small start-ups, and supported it with a ”pro” 
“example” from the Orion project. 
 
5  CONCLUSIONS AND OUTLOOK 
 
indiGo aims at supporting all kinds of knowledge that have 
been identified as being import for process learning, namely 
process models (with their associated templates), experiences 

from instantiating process models in concrete projects, 
discussions about processes in closed or open groups, and 
private annotations of process models. Thus, with indiGo, any 
concerned organization member can make private annotations 
for a newly introduced, or changed, business process model. 
Staff can decide which of the issues that attracted their 
attention should be discussed within a selected group of 
people.  
This paper focused on the technical infrastructure of indiGo, 
as presented at CeBIT 2002. It enables the organization of 
various process-related annotations and moderated discussion 
groups based on a customizable discourse grammar. 
How an organization can accomplish process learning using 
the indiGo platform is the core of the indiGo methodology. In 
(Althoff et al. 2002) the methodology is described in more 
detail. It is itself phrased as a set of process models. The self-
description of the indiGo methodology through indiGo process 
models offers the opportunity to ‘bootstrap’ indiGo, that is, to 
apply indiGo to itself. First, it allows having a test run of both 
the methodology and the technical infrastructure during the 
introduction of indiGo. Furthermore, since the persons 
involved in the indiGo introduction directly perform and 
experience this approach, it will be their prime interest to 
resolve occurring difficulties. Therefore, the members of the 
organization can rely on a tested infrastructure and a 
consolidated team to support them in the roll-out phase. 
In April 2002, the indiGo case study has been started, carried 
out at Fraunhofer IESE in Kaiserslautern, Germany. New 
project and research processes will be introduced for the 
whole institute. We expect very valuable feedback for all the 
described indiGo methods and technologies. 
In parallel, work on the software platform is progressing with 
specified but not yet implemented features. For instance, if a 
process model is modified or reorganized, the corresponding 
annotations and discussions should automatically be marked 
for re-validation or be reorganized accordingly. Next, the 
components indicated in Figure 2 will be integrated, starting 
with CoIN-EF. 
indiGo’s e-moderation method guarantees that discussions are 
carried out in a structured and goal-oriented manner. This 
helps to identify valuable experiences, which then are 
represented as semi-formal cases, and stored in the experience 
base. Using case-based reasoning, these experiences are then 
available for both process improvement/change and process 
execution. 
As soon as discussions will become available from the case 
study, text mining experiments can begin (Kindermann et al. 
2002, Leopold and Kindermann 2002). For that purpose, the 
discussions in Zeno will be exported in GXL, an XML dialect 
for graph structures. Private annotations remain private and 
will not be subject to text mining. 
Beyond the current project we consider the possibility to 
extend the indiGo approach to applications where process 
models do not play such a central (“backbone”) role. Although 
a platform for organizational learning should eventually cover 
all knowledge categories treated in indiGo, the first steps to 
organizational learning need not necessarily involve process 
models. Maybe, an organization would first like to invest into 
an experience base or into a communication platform, and add 

http://zeno.berlios.de/


process models only later. The challenging research question 
here is, to which degree indiGo’s methods and technologies 
can still be applied or easily tailored to such an organization’s 
needs. 
 
6  REFERENCES 
Althoff, K.-D., Becker-Kornstaedt, U., Decker, B., Klotz, A., Leopold, 

E., Rech, J., Voss, A. (to appear 2002): “The indigo project: 
enhancement of experience management and process learning with 
moderated discourses”. In Data mining in marketing and medicine 
(Ed. P. Perner), Springer Verlag, LNCS. 

Althoff, K.-D.; Birk, A.; Hartkopf, S.; Müller, W.; Nick, M.; Surmann, 
D. Tautz, C.: Managing Software Engineering Experience for 
Comprehensive Reuse; Proceedings of the Eleventh Conference on 
Software Engineering and Knowledge Engineering, Kaiserslautern, 
Germany, June 1999; Knowledge Systems Institute; Skokie, 
Illinois, USA; 1999. 

Althoff, K.-D., Decker, B., Hartkopf, S., Jedlitschka, A., Nick, M. & 
Rech, J. (2001). Experience Management: The Fraunhofer IESE 
Experience Factory. In P. Perner (ed.), Proc. Industrial Conference 
Data Mining, Leipzig, 24.-25. Juli 2001, Institut für 
Bildverarbeitung und angewandte Informatik 

Althoff, K.-D., Feldmann, R. & Müller, W. (eds.) (2001). Advances in 
Learning Software Organizations. Springer Verlag, LNCS 2176, 
September 2001. 

Bandinelli, S., Fuggetta, A., Lavazza, L., Loi, M. & Picco G.P. (1995). 
Modeling and improving an industrial software process, 
Transactions on Software Engineering, 440-454. 

Basili, V.R.; Caldiera, G.; Rombach, D.: Experience Factory; In 
Marciniak, J.J. ed., Encyclopedia of Software Engineering, vol 1, 
469–476; John Wiley & Sons; 1994. 

Ulrike Becker-Kornstaedt, Dirk Hamann, Ralf Kempkens, Peter 
Rösch, Martin Verlage, Richard Webby, and Jörg Zettel. Support 
for the Process Engineer: The Spearmint Approach to Software 
Process Definition and Process Guidance. In Proceedings of the 
11th Conference on Advanced Information Systems Engineering 
(CAISE '99), Heidelberg, Germany, June 1999. Lecture Notes on 
Computer Science, Springer-Verlag. 

Bergmann, R. (2001). Experience management - foundations, 
development methodology, and internet-based applications. 
Postdoctoral thesis, Department of Computer Science, University of 
Kaiserslautern. 

Conklin, J. and M. Begeman (1988) “gIBIS: A Hypertext Tool for 
Exploratory Policy Discussion", Transactions of Office Information 
Systems, 6(4): 303-331. 

Curtis, B., Kellner, M. I., and Over, J. (1992). Process modeling. 
Communications of the ACM, 35(9):75-90, Sept. ‘92 

Decker, B. & Jedlitschka, A. (2001). The Integrated Corporate 
Information Network iCoIN: A Comprehensive Web-Based 
Experience Factory. In Althoff, Feldmann & Müller (2001), 192-
206. 

Erickson, T. (1999). Persistent Conversation. An introduction. Journal 
of Computer-Mediated Communication, 4. 

Gordon, Thomas F., und Nikos Karacapilidis. 1997. "The Zeno 
Argumentation Framework." Pp. 10-18 in Proceedings of the Sixth 
International Conference on Artificial Intelligence and Law. 

Marc I. Kellner, Ulrike Becker-Kornstaedt, William E. Riddle, 
Jennifer Tomal, and Martin Verlage (1998). Process Guides: 
Effective Guidance for Process Participants. In Proceedings of the 
Fifth International Conference on the Software Process, pages 
11-25, Chicago, IL, USA, June 1998. ISPA Press. 

Kindermann, Jörg & Diederich, Joachim & Leopold, Edda & Paaß, 
Gerhard (2002): Identifying the Author of a Text with Support 
Vector Machines; accepted at Applied Intelligence. 

Kunz, Werner und Horst W.J. Rittel (1970): "Issues as elements of 
information systems." Center for Planning and Development 
Research, Institute of Urban and Regional Development Research. 
Working Paper 131, University of California, Berkeley. 

Leopold, Edda & Kindermann, Jörg (2002): Text Categorization with 
Support Vector Machines. How to Represent Texts in Input Space?; 
in: Machine Learning 46, 423 - 444. 

Märker, O., Hagedorn, H., Trénel, M. and Gordon, T. F. 2002 
'Internet-based Citizen Participation in the City of Esslingen. 
Relevance - Moderation - Software', in M. Schrenk (ed) CORP 
2002 - "Who plans Europe's future?" Wien: Selbstverlag des 
Instituts für EDV-gestützte Methoden in Architektur und 
Raumplanung der Technischen Universität Wien.  

Maurer, F. & Holz, H. (1999). Process-Oriented Knowledge 
Management For Learning Software Organizations, Proceedings of 
12th Knowledge Acquisition For Knowledge-Based Systems 
Workshop 1999 (KAW99); Banff, Canada. 

Minor, M. & Staab, S. (eds.) (2002). 1st German Workshop on 
Experience management – Sharing Experiences about the Sharing 
of Experience, Berlin, March 7-8, 2002, Lecture Notes in 
Informatics, Gesellschaft für Informatik (Bonn). 

Mulholland, P., Domingue, J., Zdrahal, Z., and Hatala, M. (2000). 
Supporting organisational Learning: An Overview of the ENRICH 
Approach. Journal of Information Services and Use, 20 (1) 9-23. 

Sumner, T. & Buckingham Shum, S. (1998) “From Documents to 
Discourse: Shifting Conceptions of Scholarly Publishing“, Proc. 
CHI 98: Human Factors in Computing Systems, 18-23 April, 1998, 
Los Angeles, CA. ACM Press: New York 

Tautz, C. (2000). Customizing Software Engineering Experience 
Management Systems to Organizational Needs. Doctoral 
Dissertation, Department of Computer Science, University of 
Kaiserslautern, Germany. 

Turoff, M., Hiltz, S. R., Bieber, M., Fjermestadt, J. and Ajaz, R. 
(1999): “Collaborative discourse structures in computer-mediated 
group communications”. Journal of Computer-Mediated 
Communication, 4. 

Voss, A. (to appear (2002)): „Zeno – Software für Online-Diskurse in 
der Mediation”. In Online-Mediation. Theorie und Praxis computer-
unterstützter Konfliktmittlung(Eds, Märker, O. and Trenél, M.) 
Sigma, Berlin. 

Voss, A., Roeder, S. and Wacker, U. (to appear (2002)): „IT-support 
for mediation in decision making - A role playing experiment”. In 
Online-Mediation. Theorie und Praxis computer-unterstützter 
Konfliktmittlung.(Eds, Märker, O. and Trenél, M.) Sigma, Berlin. 

 



��������	
�	������	 ����
��	�
��� �����	��	 �����	�	��

������� �	 
	 �������
 ������ �	 �	 ���������
���������� 	
 �	������ 
������

���������� 	
 ����������

��
	�� �	��� ���������� ��� ���� � 

�������������	�
�
�	��
�����
������

!"������# ��� �����	� 
�
��	��� �
 ���
	��
���	� ��
�
�	������� �� 
 ��
 
���� �
� ��� �� 
	 �	��	�� �	������ �	 �����
��
� ������� �	������� �
	
����	� �
���� ���
��
� ���� �����
���� ������� 	�� �	�
 ��� ��������
 �� �	������� �
 �	����
���� ������
���	 �� �
�
 ��� 
��� ��� ���	� �������
���	 ��
��
� �	������� �� ������� 
����	
��� �	����
���	� ���� �
�
��� ��������� 
 �������	 ��
� 
 �������
��� 
����
�� �� ���
�	����
���	 �� �	������� ��������
 
	� ��������� ����
 
	�
�����	� � ��� ���	�!�
	� 
��
	�
��� �	 ����� �� � ������	���

	� ��
�����
� "�����	� 
 �	������� �
	
����	� ��������
���� ����������� ��� �
��� ��������� 
	 �	��	� ��
� ��������
�	����
��� �	������� 
	� ��������� �	����	�� �
�
�������� 
	�
�����
 ��	������ ��� ������ ��
� 
���� �	 ���� 
	 �	����
���	
�	��
����� " �����������	���� �������	�
���	 �� ��� �	��	�
�
� ���	 ����� 
	� ��� �
��� ���� �� �� ������� ��� ����	�
��
� ��	�!�� 
�����	� ���� ��� �������	 
������� ���� �� ��	�
�
 ��������	� ��� �����
��	� �� ��� ������
�� �	 
 ��
����
�
�	������� �
	
����	� �������� ��� �
��� 
��� �� ��	�
������� 
	 
����
�� �� �������
��� �	������� �
	
����	�
����� ��
� �
�� ��� ����	��
� ��� ���� ������ �� � ������	���

	� ��
�����
 
� 
 ������ ��	�����	�� �� ��� �	�������
 �	 ����
��� �������	�
���	� ���� 
	� �	 ��� 
���������� ���
���	� �

��
	� �� ����� �
�
� �	������� 
	� �	����
���	 
�� �
��
���� �� �� ������� ���� ����� �������	�
���	�� �	 ���� ��������
��� ��
� �� �� ������� �	 
� ���	� 
� �������� 
 �
		�� 
 ����
��������	���� ��� �� �	������� �
	
����	� �������� ��
	
�
� �������� ���	 ���������

� ������������

��� �
�� ��� ���
��� �
�� ��������� �Æ���	�� ����
��� 
	�
���
�����
 �	����	���� ����	������� ��� ��� �
	
����	� 
	�
�������
���	 �� �
�
 ������� ���� �
� ������ ��	�����
�� ���
���� �� �
�
 ������ 
� ����
�
 
����� �� �����	 ���
	��
���	��
#��� ����	��
� ����� �
� ���	 
 ����� �� �	������ �	 ���
��	�
�	�������� ��� 
� 
 ����
�
 
���� $%&� '
 ��!	����	� ��� �
�	
������� �� �
�
 
	� �	������� �� �� ���� ��� ��������� ����
�����	� �	����
���	 ���������	�
(��� ���� �������	�� 
����	
��� �	����
���	 �� ��� �����
��

��
� �	 ��� �
����
���	� ��
�	 ��
� �
� ����� �	 �
�
 
	�

� �� ���� ���	
� �
 ��������� �� �	��� �	
����
 ���������� ��	��
�����	��	 ���� ��� �	 ��
����
 
	�
	�	��	� ��
 ��	 �� ����
������
�
�������� �
��	��	��

�	������� ������� )�	��������� �� �� �	���
��	��
 ���
� ��
�� �	
���� ���
	��
���	�� 
	 ���� �
���� ���������	 �� ��� 
�
��
���
�
�
 ������ ���� �
����
 �	���������� *�������	��	��
� ����
���
	��
���	� 	�� ��
���� ��
� ��� 
���	� �� �	������� ���

� �������
 ������� �� �
� ��
���� ��
	 �� 	���� �� �� �� ���


�� �� ���
�	 ������������ ���������� ���
	��
���	� 
�� 	��
���� ��	������ ��
	 ���� ��
� �
��
���� 
����	
��� �	����
�
���	 ����� �� �
���	� �� �� �	������� �	 ��� �
�
 ������ ���


���
�
 ���� �� �
	 �
���
 
�������
�	���
��� �	 �	������� ������� �	 ��� ����� �
	�� 
�� ����

�
���� �� 
������� 
� ����	������
� ������� ��� ��
� �� 	�� 
��
�	 ��
��� ���� �
��� �� �����
��� �
 ��� ������ �� ��	�������
�� ��� ���	�
���	� �� 
 ��
�� �� �	������� �
	
����	� �����
��
� 
�� �����
 �� ����� �
������
��
 ������ �	 ���� ��	�����
"������� �
�
�
�� ����	����
 �
� ��������� ��� ��
	� ��

�
	
�� 
	� ������� �
�
 ������ 
	� ����	� �������� �	 �	����
���� ��������
 ���� �
�
�
��� +����!�� 
 ����
�	 ������ ��
��������� ����� �� ����� 	� ���
���� ������
� ��� 
	 �	����
���
��
����� ��� ��� �����	�� �
	
����	� 
	� �������
���	 ��
�
�
 
	� �	������� ������� (�� �	��
	��� ��� ��	� ������	
�	������� ��������
 
	� �	������� �
	
����	� �� ���
 ����
�	������������ $,-&� ���� �
��� �����	�� �	� ���� ������
��
����� �� ����� �� 
� ���������	��������� �
�
�
��� 
�������
" �����������	���� �������	�
���	 �� ��� 
��������� 
	�

�������� ��	�������� �
 .�����	 / �
� ���	 �
����� ���� 
	�
��� �����
��	� ��
���� ��������� �	 .�����	 0 ��	� ��
���
 
�
���������� )���� �������� ��
� 	� ��
�� �� �
�� ��
� ���� ����
���
�� �������	�
���	 �� 
 ��	��������	 �	 ��� ��	� 1
�����
�� �
� ���	 ����� �����
 ��� ��� ������� �� 
�����	� ��� ����	�
��
� � ������	��� 
	� 2�	 ���� ��������3 ��
�����
 �� �44'��

� ������� �� ����� ����	��
� �Æ���	�
� �� �� ��������	���
����� ���� �� ��������
 ��� ��� ������
�� �� ���� �	 .�����	 0�
����� �� ������� ���� ��	����� �����
���	 ��� ��� ��	�!�� ��
�
����� 
����� ���� ��� ��	��������	� �� ��� �
����
��� ���
�	��� �� ��� �
��� �� ���������� 
� �������� .���

���	 0 ���� 
 ������
�� �������	�
���	 �� ��� �����	�� �	�
����	�� �	��	� �� �����	� 
	 ����	��� ��
���� 
	� ���� ���
��� �
�
�
��� ��
�
�������� �	 .�����	 / ��	������� 
 ���� �	
��� ��������	 �� �������	� ����
��� ��
������ ��� ���
	��
���	�
��
� 
�� 
� �
���� �
��� �� ������ �	 ����� �	������� �������

� ��������	 ��
 �������� �� ������������	�
������
���������
�
�������������



���� ������	 
������ ��� ��
��� ��������� �
��� �	������� ��
����� �����
���	� 
	� ��������� �
�
�
��� $5&� �	�����	� ���
�
	�
���� ��	��	���	� �	 ����� 
��
�� ����	��
� �
������	�
�� �	�������� �	 .�����	 5� .�����	 / ��
�
�������� �44'� �

�����	��	� ��� 
��������� ��
� ����� ��� ����
���	 �� �����
�����	�� �	����	�� �	��	��� .�����	 6 ��������� ��� ��� �4�
4'� ��!	�� �	 .�����	 / �
	 �������� ���� ��
	 
 ��	���
�	������� �	��	�� 1��
��� ���� �� ��������� �	 .�����	 %� (��
	
��
� .�����	 7 ���	�� 
� ���� ���� ��
� �� �	����

 
	� 
�
������ ���� ��
� ��� ��	��������	� �� ��� �
��� �
�� ��������
����� ��
��	� 
 ��� ��	������	� ������	� ���� ��� �
�����

� ��������� ����� �� ���������
����������

4
�
 
	� �	������� ������ ���� ��� ��������� �� �	����
���	
���������	 
	� ���� �� ���������� 
�+������ 
�
���� 
	��
�����
���
� �	���
��� �� �	����
���	 ������ 
�� �� �	�����	 ���
���� �����������	��� �	 ���
	��
���	�� ��� ������!�� �
�
���
��
��
� �	 (����� , �������
��� ��� ������� 
	� �	�������	�
��	� �
�
� �	������� 
	� �	����
���	 �
	
����	� �
��� 
���
8	� ��
 ��
���	�� 
����	� ���� ��� ���������
 �������
��� �	
(����� , ���� �	 ������	� ��
������ ��
� �
	 ���	��
 �������
���� �� ����� �
��� 
	� ������ ���������� ������ 
	� �������
�
���	 �� 
�� ��� ������ �	������� ���� ������	 �������!�� ���
�44'� ����� �� ���� �	 
 �
	�� �� �
��� �������� �	 (����� ,
���� ������ �� � ������	��� 
	� ���	�
 ��
� 
�� 
 ������ ��	�
�����	�� �� ��� �	�������
 �	 ���� ��� �������	�
���	� ����

	� �	 ��� 
���������� ���
���	� �
 ��
	� �� ����� �
�
�
�	������� 
	� �	����
���	 
�� �
�� ���� �� �� ������� ����
����� �������	�
���	��

transform
compile
formalize
standardize
explicate
...

assess
appraise
evaluate
verify
validate
...

apply
use
enact
execute
exploit
...

update
evolve
improve
maintain

...
refresh

develop
acquire
capture
create
discover
...

preserve
store
secure
conserve
retain
...

data

information

knowledge
transfer

deploy
disseminate
share
...

communicate

������ �� ����
������ �����	�	�� ��������	� ������
	� �
 ���� 

��� 
������ �
�� ����� 
 ������
�� �44' �� ����	 �������
�	� ��� �
�����
 �� ���� ��
��� ��� ������
�� �������	�� ���
�	��	� 
	� �������� ����
����� �	 .�����	 /� ��� ���
�	��� ��
���� ������	 ��	����� �� 
 ����
������ ���� �
 ����� ����������	
�� ��� 
 ������� �	�����	� ��� �������
���	 
	� ������ ��
�
�
 
	� �	������� ������ ��� ��� ���������	 �� 
����	
���
�	����
���	 �
	 �� �
����� ��� ���	� ��� ������
�� �44'�
9
�� ���� �� 
		��
��� ���� ������	�� �� ��� �
��� �	 (����� ,
��
� ��� ���� ��	�������� ���


��� �$ %��������& .������ 
	 ���
	��
���	 ������� �
�


���� ��� �����
��� 2��� ��	��	���	 �� �������� �	 ��� �
���
��
� ���
�
�
� ����� �����
 ���������	� 
�� ���	
���� �
 
	
�	���
� :� ;3�

�	�����		��
��	����������
����	��		����������	 �������

��
����	����������
�����������

	�����		������ ��������	�� ������ ��������

���

�
����	����������	�� �������	���

���

��� ��
���	� 
���� ����� ��
�� ��� �
�� �����
��� �����
	
��� �������	� ������� 
	� ��� �	�������
 ���� ����� ���

��
��
��� �� ��������� ��� ������ 2����� ������	�	 3 ��
� �
��
�������	 �	������ 
�� 
��� ���������

��� '$ %����(	�& "����� 	�� ��
� ��� ���
	��
���	 ���

����� �� �������	� 
 �����		�� �����
 �� 
����
��	� �����
���
�� �������	� ��
� ��	����� ��� 	��� ��� ��
�	�	��

��������	��
��	����������
���

�������	� �����		�!������
�"#

����	�	
�� �����		�$������

�
����	��!������
�$������

��� �����
 �
	 �� ������
 ��������� �
 ��� ���� 
����� �� ���
!	�� 
	 �����
�� 
� ����
��� ��� 
 �������	 �� �<�� �� �������	�
�	 ��� ������ �	������� ��� ���� �� 
������� �	 ��� �	��	���	
�
�
�� �� ��� �
�
�
���

��� �$ %����(	�� ���(�& =������� ��� ���� �����
 �� ��

� ������� �	� ���� �� 
��� �� ��
�
������� ��� �������	���
��
� �����
��� �������� �	 �
������
�� ���
��� ��� ��!	����	
�� ��� �������	��� 
���� �� �
��	 �� �� ������� 
	� �� ����
��� ���� ���
�����
� ��� ���
	��
���	 ������� �� ��
�
�������
��
�������� 
� 
	 �	������� ��	���� 2���	
���� �
 
	 �	���
�
:� ;3� ����� �� 
 	���� ���������� �� �	���� 
 ��!	����	 ��� �� �	
����� �� ������� �� �� ��� ��
����� 
�� 	������ .�� 
 �
����
�� �����
��� �� �	����� �� ����
 �� 
 �����
 
���� ��
� ������
���
 ��	����� ���������� �� �
��� ��� ������� �� ��� �����


�� ���� �� 
����	� ���� 
	 
������	
� 
�������� ��� �
�

������ 
���� ����� �����
��� ��
� ������� �� ��� �����
�

%����	�	
���
��	�����������

����	�	
�����
�� �������	���

���

���� �
	 �
�� ��� ���� �� 
������� �������� ��
����� ��
��
�������� ���� 
� �	���
��� 
����� )��� ��
�� �� ��� �	�
������	 
�������� �
		�� ��
�	 ���� �������� �
�
 �	�
 2
� ��
��� �
�� ���� �(8�> $7& ���� �	 ��� ������
�� �44' ����� �

��� 
������3� 
 ��� �� 	��
����� ��
����� �
	 �� ��������
��

��	��
��� 2
� �� ��� �
�� �	 ��� ������
��3 �
 
���
��	� �� ���
������������ 
��������	 �	������� �
 �44'� ���� �
�
�
���
�	 ��	��
��

��� )$ %����(	�� ��������� �����
��& ?���	 ��� �����	�

�
������	� �	�������� ��� �������� ��
����� ���
�	�� ����
��� �����
 
	�� �������
� 	��
���� ��
����� �
��� �	��� ���
������������ 
��������	� ��� ������
�� ��
�	� ��� ��!	����	
����� ��� ��
�������� � ��� ������� ��� ��� ��!	����	 �� ��
��
�	�� �� ���	
���� �
 
	 �	���
� :�� ; 2
� �� 
 ������� ��� 

����
 �� �� 
	������3� ��� ������
�� �����	�� ���� ��� ����
�	����	 �� ��
�������� ������

&# ����	�	
�� �����		� $������



����	�	
�� �����		�$�����"#

	�����		� �����		�!������
� '	��		� (������	��

�
����	��!������
�$������

)��� ��
�� �� ������� ��� ������
�� �
��� ����� 
 ����������
���� �� ��� �
	��
�� ��
� �� �����!�� 2
� �
	 �� ����!�� �	
.�����	 /3� " ���� ���������� �������	�
���	 ����� 
����
���� ���������
��� ����
	���� ��� ������
�	� �
	��
�� ��
����
���
��
 ���� ��	�����
�� ��
	��
���
�
)��� 
��� ��
� 
�����	�� ����� 
 �����
 ��� 
������
���	 �� �	�

������� ������� ��
� ���
��� ��� �	������� ������ ���� ���
	�� ��!	����	 
	� ����
������	� 
�������
���
 ��� ��� �� ���
������� 
	� �	������� ������
��� �
������ ��� ����� �� �	����
���� ����� 
� 
 ������ �� ��� �
����;� �
��	� ��
�	�� ���
��!	����	 
����� '��
��� �� ��� �	����� �������	�
���	 
	�

���������� ���
���	�� ��� 	�� �	������� �� ���	��
 �
��

�
��
��� ��� �	����
���	 ���������	�
)���� !	
��
� ��
� ��� �	���
� �� ��������	� 
	 �������� ��
�	�

�	� �
�� 
� 
����� ��� ���� �
� ��������� ��� �������
	�� ��
��� ��������� �
�� &#�������	� �����		�!������
�� ���	�
��� ��!	����	 
���� ����� �� ��
�	� �	 ��� �
� ���
���
��� ��������� ��
��
���	 �� �������	)* ����	�� �	 ��
� ��
����	�	
�)*� ��� �� ��� �
���� �
���� 
 ��!	����	 �	� ����� ��
�	��������
 ������� ����� 
	� ���	� �	 ����� ������ ��� ������
��	��� ������
�� ���
��� �
���
 
	� �����	�� ��� ���������
������� �� �	���� 
 ��!	����	 ��� ��� �������� ������
�� 
	�
������� ��� ������ �	�� ��� �
���� �
� ���	 ���
�	��� �	 ����
�
���� ��� ���� �� �
�	�� ��
� ����
 
	�����	� �������� ��
�	�
�	� 
 	�� ��	�����

��� *$ %����(	�& .������ 	�� ��
� 
 	�������� �����


�� ���� ����	� ��
��
��� ����� �	�� ������ ��� ���
	��
���	
��������� 
		��	��� �����
� �������	� 
	� ��� 
�����
���	� ���
������ 
�� ������ 
� �	���
��� ������

��������
���
��	����	��		����������	 �������

�������
��+�	������������

���


��� +$ %����(	�& �� ��� ���
	��
���	 ���� �� �
	� �� ���
���� ���� ��� 	�� �
�
 ������ �	����
���	 
���� ��� ����	��
�
�������	��� �� ��� 
�����
	�� �� 
� �� �
��� �� ����� �����
���	� ���
 ����� �� 
����
���� ���	 ��� �����	� ��!	����	 ��
��
�������� ����� 	�� ��Æ��� .�	�� ����	� ��
��
��� 
�� �	�
�����
 �� �
�� 
������� ��� ������	� ������ ��
� 
�� �
��������
��
	��	� ��� �
�
 �
����� �� 
��� 	�� 
 �������	� ��� ���
�
	��
���	 ��������� ������� �� ������� ��� �����	� ��!	����	 ��
��
�������� 
	� �
�� �� ��	������ �� ��� �	���������� ��� 
��
����
	�� �����	
�� �����
��� ���
 �� �� ����� ���	 ��
�����	
� ����	���� �� �� ���

�	� �	��������	� �� �	��� ��
� ����� ��
��
��� 
�� �����
 �� ��
�������	� �	 ���� 
��
� 
� ��� �	��������	� 
�� ����	� �	� (��
��
����� ��
��
��� �	 �������� ����	�� ���� .�
	���� 
��
�����
 �� �
�� ������	� ������ �	 �
�
�
�� ����	����
� 
	� ����
�
�
 ����� �� �
������ ���� 
 �
����
 �� ������� 2����� ���
.�
	���� *. ��� ����3 
	� ������ 
� �	���
��� ������

�����
� �����������	 ��������	��		�����������

����
� ������
���������������	���

���


��� ,$ %������� ����(	�� ���(�& " 	�� ��
�	�	� �
��
�
	 ���	 �� ������� 
� �������� ��� ��
���� ���� �
	 �� 
���
��	��� �
 ��
����� ������� ���� ��� �����	
� 
�����
���	�

�� �����	� �����
���� ����� �����
��� 
	� ����� ����������
������ 
�� ������	��	 �	 ��� ���
	��
���	� 
	� 
	 �	�������
�
�� ��
� �
��� ����� 
� �������� �	��
	��� ���� ��	� �� ������
��� ���
	��
���	;� �
�� �������	� �� �����
��� �����	� ��!	����	 ��� ����	�	
�)* �� ��������� �
 ���

�
������	�	� ��� ��� �� �	������� 
	� ��������� ������
���
�� 
� �� �	����� ����	�	
�)* �	 ��� ������ 
	� �������	�
	�����		� �
����	�� ����
�,��� 
	� �������
� �	 ��� �
�����
.�	�� ��� ��
� 
� ���� ���	� �	 ��� ������� �� �� ������� ���
��
�
������
���	 �� ����	�	
�)* �	 ��� ����� �� ��� �	�
	���
�
������	� �	������� 
���� ��� ����	���� �� ��� 
�����
	�;�

�
����� ������ �� �� ��	����� �� ���� ��� ���������
 ��
�	��
��!	����	� ���	� ��������	� ��� �	������� �
�� 
�
�	 �
����
��� �	������� 
���� �������	��� �� �� ��������� 
� ��� ���
	�� ��!	����	 ����	 ������

&# ����	�	
�� �����		� $������

����	�	
�� �����		�$�����"#

	�����		� �����		�!������
� '	��		� (������	��

�
����	��!������
�$������

����	�	
��-������
��$�����"#

����
� ���(������	�'	��		�$������

�������
��-������
��'	��		�(������	��


��� -$ %�����
��& (�	
��
� 
�����	� ���� ��!	��
���	 �� �� ���
�	��� ��� 
	���� �� 
 ����
 ���� 
�@
&#�������
��-������
��,�,���������	�-������
��

!������
� �
	 �� ���� 
� 
����	
��� �	����
���	 ���� �����
�� 
����
�� 
�����
	�� �� �������	� ����� ��������	� ���
�������� �	 ��
��� ���������� �	 ��� ��
���� 
����� ����
 ����
��� 
����
���	 �����
 �
� �� �� 
������� 
 ��������� �
�� �
	
������� ��� 	�����
�
 �	����
���	� *�������	��	��
� ����

���� ��� 	����	 �� �������	��� ���	 ����� 
	 
����
���	
�����
 �� �
���� �
� �� �� ���������� 
	 �	������� �
�� �
	
������� ��� �����	� ������ �� �
�
 
	� �	������� 
�
��
��� �	
����� �� ���
�� �� ���
�� ���
)��� ��
�� �
�
 ������ �
�� �	���
��� �	 .���� 5� 6 
	� %�

A	������� ������ �
�� �	���
��� �	 .��� 0� �
 �������� 
�����
���	� 
	� �	 .���� / 
	� 7� �
 
����
��� �	������	� (�	
��
�
�	����
���	 ������ �
�� ����	 ����������� 
� ���� �
�
 
	�
�	������� ������ 
�� �
	���� �	 
	 �	����
��� �
		��� ����
����	��� ��
���� ��	� ��
���
 
� ��������� �	 ��� ���������
��	���� ������
�� ��
� ��� 
������ �
�� ����� 
	� �
�� 
�
���

����
���� ������	 �
� �������!�� ��� ���
� ��	����	
���
 �� �4�

4'� ���� ������	�� �� (����� , �	 ����� �� ������� ���� ���
���	�� ��� ��� ��
�� ��
� �44'� ���� ��� ������� �� ���	�

	� � ������ �
�
� �	������� 
	� �	����
���	 �
	
����	��
�	 ��� 	��� ��� ������	�� !��� ��� �
������	� �� �44'� ��
�����	��� 
	� ���	 �44'� ���������� 
�� ��
�
�������� �	
���� ���
���

 ���!������

��� �������	�
���	 �
	��
�� ���� �	 ���� �
��� �� ����(	.�
��������� �	 ���
�� �	 $5&� 1��
�� ��
� 4
�
��� �� 
 ��	����	�
���� =��	���
��
� �
	��
��� ���� ������	�������� ������ 
	�
��������������� 4
�
��� �
	 �� ����	��� ���� 	��
��� 
����
�	 ��� ���
 2����� �
 ���
��!�
���	3� ���� �
��� 
������ ���
	����	 �� 
 ��������� ����"��� $5&� ��!	�� �� �� 
 ��� � ��



4
�
��� ��
���� �
������	�� �	�� 
	 �	��	���	
� �
�� 2��	�����
�	� �	�����
 �� �
�� ����� B ����� ����� �	 ����� ����
 �
��
��� ���
�����	� �	 ��� ��
� ������ �	 
� ��
�� �	� �����
� �	 ��� ���
3�
�
���� ��� �������	��( ����"��� 
	� ��	���� �
 ����� 
	�

	 ����	���	
� �
�� 2��	�����	� �	�����
 �� ����	� �
���3 �
����
��� �������	��( ����"��� 
	� ��	���� �
 ���� � (�� �����
	��
� ��
��	�� �	 
 ��������� �
�
�
�� �� ��� ������
�� �
��
���� �������	� �	 ��� ��
� �� ��
���� �	 ���� 
�� 	�� 
��
����� �� ����� �	 ��� ��
� �� ��
���� �	 ���� � (�����������
������� �
	 �	�
 �	����� ������
�� �
����� �	 ����� ������
����� ����
�	� ���� ���� �� ��	� �	�������
� �� �� ������
�

�� 
����� ��
� �
�� ������
�� �
���� �	 ���� �
� 
 ������
���	��	� ���������
���!	�� �������
�� ���� �	 ���� 
	� 	��
�� �����	����� ��� ������
�� �
����� ��
� 
�� ���
��� �	 ����
�

� ?���	 
 !	��� ��� � �� 4
�
��� ��
����� ���
�� ��
� ���
/��"���� �������� ��� �� ��� ��� �� �	������
� ��	��
	��
�	 � 
	� ��� /��"���� "��� ��� �� ��� ��� �� 
���� ������
���� ��� ������
�� �
����� �	 � 
	� ��� ����� �	 ���� 
	�
��	�� � �� !	���� �� 
�� ��� 
	� ���� �� � �� 
 ���������
�
�
�
��� ���	 ���� � ���� " 0���� �� ���� 
 ���������
�
�
�
�� � �� 
 ���� ���
 ������ ���� ��� ������
�� �
�����
�	 �� *�
����
��
� 
	 ���1�� 	�� �� 
 ����
 ���� 
 �
�
�
��
�� 
 ��� �� �����������	� �� �
��
���� �	 �� ���� �����	�� ����
��� �� 
� �� ��
�
������� 
���� �	 ��� �	���� (���� /��2
"���� �	��( 
��� 
�����
��� ���� � 
	� ��� �	 ����
�
���� ��� 
��������	 �� �
�� ��
� ��� ������ �� 
���

��������	��	� �� �� �� �����	�� �
���� ��
	 ��� ���������
���	� ��
� ��
�
������� ����� =�	�������� ���������� 
�� ����	
������� �� ��� ��	���� �� ���
�� ��� ����
 ��
��
���	 �������
���� ��������� �
�
�
��� �� ��
��
��� 
	� �
� ���	 ����	�����

������� �	 ���� 
 ��������� 
	� 
 �������	 ��������	 $5&�
�	 ���� �
���� 
 ����
 ��
��
���	 
�������� ���� ���������
�
�
�
��� �� 
������ 
	� �������� �� 
� ������� "	
 �	� ��
�
	
 ���� 
��������� ��������� �	 ��� �����
���� $5� 6� ,5&
�

 ����� 
� 
 ��	��
���	 ��� ������� ����� ��� ���
�	��� ��
��� �
��� 
������ �� �� ���� ��!	�� 
	 ���������	 ���� 
�
	 @C ������2�� 2�������33 ��
� 
����	� �� 	 ��� 
	����
�� 
 ����
 � ���� 
 ��������� �
�
�
�� ��� �����
�	������� ����� �����
���	� 2�>D3 $,7& �
	 �� ���	 
�


	 
����
�� �� ��� ��������	 �� �	������� ��	����	
���
 ��
�
��
��� ��� �	����
�	� ���	�
���	� �� ��������� �
�
�
����
���� �
��� ��	!	�� ������ �� 4
�
��� 
� ��� �������	�
���	 �
	�
��
�� 
	� 
����� ���������� ��� ��
���� �����	� �� �>D $,7&�
����� ����	 
 ��� � �� ��
����� �
��	 �� �� "��3.�	���
3�	1(��.�� 
	� ���� �� 
	� �� �� �	������ 
	� ��.�2
���� �����(��� �����������
� ���� ��
� ���� �����	�� �	 ���

	� 
�� �����	�� �	 ��� 
�� �
��� �	 
���� ��� ��
� �� ��
!	� 
 ��� � �� ��
����� �������� �� 
� ��� ���	������� ����
��
� 
�� �����	�� �	 �� 
�� ���� �	 
����� 
	� 
�� �����	��
�	 �� 
�� �
��� �	 
����� � ���� ��	���� ��
�	�	� �������
�
� ���	 ����	�����
 ������� �	 ���� 
 ��������� 
	� 
 ����
���	 ��������	 $,7� 0E&� �	 ���� �
���� 
 ��	���� ��
�	�	� 
��
������� ���� ��������� �
�
�
��� �� 
������ 
	� �������� ��

� ������� "	
 �	� �� �
	
 ���� 
��������� ��������� �	 ���
�����
���� $,E� ,%& �

 ����� 
� 
 ��	��
���	 ��� ������� �����
��� ���
�	��� �� ��� �
��� 
������ �� �� ���� ��!	�� 
	 ���
�������	 ���� 
� � @C ������2
� 2����� ��33 ��
� 
����	� ��
� 
 �
�������� ��	�����	� �� ��� �
	��
�� ��
� 
 ��
�� ����	
�
������	� �	������� �� ������ 
�� ��� �������� ��
����� �	
�� 
	� 	�	� �� ��� 	��
���� �	�� �	 ���

" ���������#��������� ����$����

���� ������	 ������ ���	 ��� ��
��� �� ����
��� �	�� ���������
�
�
�
��� 
	� �	�� �>D �� ��
�
������� 
 ��
�� �� �
�
�
���
2�������	��� 
� ���� �� 4
�
��� ��
����3 ��
� �������� ������
���� 
	� �	������� �	����	�� �
�
���������
?���	 ������ 
	� ������ ��	����	� 
� ��������� �	 .�����	 5�

��� 	�� ��	����	
������ �������� �
 ��� ��
�� �� �
�
�
���
��	�������� �
 ��� �
��� 
�� �������� �	 
	 �	����
���	�
����
���	� 
�������� ��
� ������� �
�
 2�������	��� 
� 4
��

��� �
���3 �
 ��� 
�����
���	 �� ������ 
	� �	������� 2����
����	��� 
� 4
�
��� �����3 �
 ��� 
�����
���	 �� ������� ���
�
�	 ��
���	�� �	������ ���� �	 ������	� 
	� �������	��	� 

���
���
 �� �
������	� �	 ��� �
	
��� �

 ��������� ��� �
�


	� �	������� ������ ��
� 
�� �	��� �� �
�� �	����	��
� �����
��� �
�	 ��	�!� ������� �� ��� �	����
���	 �� ��������� 
	�
�	������� �	����	�� �	�� 
 ��	��	��� ��
� �	�����	� �	����
���� �
	
����	� �������� 
�������
��	� ��� �����
 �	
(����� ,�
>�� F C 2G� �3 ��	��� 
 �
������	 �� 
 ��� �� ������
��

�
����� 2�
�� ���� 
 !��� 
���
 B ��	����� ��� 
 ������
��
�
���� 
� �
 ���	
 ��2
33 �	�� ��� ����� ��� ��� G �� ��� ���
�� ������
�� �
����� ��!	�� �� �� 
�
��
��� ��� ��������	 
�
����� �� ��
����
��
 �	�������� �	 
 ��������� �
�
�
�� ��	�
����� 8	� �
	 ���	� �� �� 
� ��
�
�������	� ��� ���
���	 	
���
�	 
 �
�
�
�� �����
� 
	� ��	��� 
� ��� 	
��� �� ��	����� �	
��� ������ ��� ��
� �	�����	� ��������� ���������� ��� ��� � ��
��� ��� �� ������
�� �
����� �
������� ��� �	������	 
� �����
�� ��
����
��
 �	�������� �	 �
	��
�� ��
��� �� �>D �
���� >��
��� ��� � �� �	������� ������
�� �
����� �	 F C 2G� �3 �� ���
	���� �
 ������
��� ��2F3� (�	
��
� ����	 
 4
�
��� ��
��� � ��
��� ���� 	� ��� � � � � ��� ��� ���� ��2�3 ��	��� ��� 
��� 	�

	� ����	 
	 
��� 	� ��� �������	� ��2	3 ��	��� ��� ������
��
�
���� �� 	�
"	 ���������2��������� ����"��� 2�44'3 �� 
 ������ �

C 2F����3 ����� � ��	���� 
 ����� �� �	������� �	 ��� ����
�� 
	 �	��	���	
� �
�
�
��� � ��	���� 
 ����� �� �
�
 �	 ���
���� �� 
	 ����	���	
� �
�
�
��� 
	� F C 2G� �3 �� 
 �
�� ��
������
����
���� �
������	� 
� ��������� 
����� ?���	 
 ����
��� � � � � �� �� 
���� ����� �
�� ��� , � � � �� ��	���� ������ 

��������� �� 
	 �	������� �
��� 
	 
�������� �
	 �� ��!	��
���� 
	 �	���
� �44' �� C 2F�������3 ��
�� ��� �
�� �
�� �	
��� � � � � ��� � ���� ��� ��
	�����	 �� ���� �	�� 
 	�� �44' ��
C 2F�������3� , � � � � 
	� �����	� 
	 ������� �� ����� �
�� ��� �	����
���	 ������� ���� ��� �
���
8	� ���� 
�������� �� ����	 �	 (����� 0� �� �
	 �������


 ��	��� �
��� 
� �	 ��	�� � �� ��� �� �� �
	 ������� �
�� ����
�����	��
��
� 
� �	 ��	�� �� �� ��� �	 ���� �
�� �
��� ��� ��������
�� �
�� �
�� 
�� 
������
���� 
� �	 ��	� ��� ��� �
�� �
�� ��
�����
�� 
� �	 ��	�� � �� � �
��� �	����
���	 ������� �
 ��� 
�������� �� �
�
 2����� 4
��


��� �
���3 �� ��� �
�� �� ���������� 
	� �	������� 2����� 4
�
�
��� �����3 �� ��� �
�� �� �	�������� ��� �������	 
� �� �������
�� �� 
 ��������� �
�� �� 
	 �	������� �	� �� �
�� �	 ��	� � �

������	� �� ��� ������
�� �
������	 �	 ���� =�	��� 
 ������
���� �
�� �� ��������� ���� ��	�� � �� � � ����� 
	 �	�������
�
�� �� ��������� ���� ��	�� �� �� ���
��� 
�������� �	 (����� 0 �
��� ��� �� ���� 
�����
�
 ��	��

���	�� ����� 
�� ������ ������� �� 
� �������	��	� ��������
���
���	� ��� ����;� ���� �	 ��� �������������
� ��
��� �� ���
��� �� ��	����� �
������ �	 F� �	 �
������
�� �������� ����



���������������!����  �
�

���� ������ ������� !" 
�

���� 	��
	� ��!���� �� 
�

���� ������ ������� !����" 
�

�
 �����	
�� ������� �� ���
	����� ���! 
�

����

� �����	�� �# ��� ���
	���� �
����!���� 
	 
��
��� �# ���
	������������	��  

 �!������� �# 
������
�� ���
	���� �
�	����������!���� �
��
��� 
�

	��
	� ��!������� �
��
��� 
��

���� �$ �����	
�� ������� � ���
	����� ���! $�
�� ���	��	� �# ��� ���
	���� �
����������!����  
�� 
��
��� �# ���
	����������	��	�  
�� �!������� �# 
������
�� ���
	���� �
�	����������!���� �
��
��� 
��

	��
	� ��!������� �
��
��� 
��

���� ������ ������� !����� % ����" 
�� ��!������� �
� �# ��������!�����"��!����  
�	 ��!������� �
� �# ��������������!�������  
�


	��
	� ��!������� �
� � 
� 
��

����

������ 	� �� ����
���� ��
 "	
��
���� #���� $�	
 ��������	%&	������	 &������	�

�� �	 ��
�� �� �������	� 
� �
�� �	����	�� ����� ��
� �� ��
���	� 
� ��� �
��� ��� ��
� �	����	�� ���� 
	� ��
� �� �� ��
��	� ���� ��� �������� (�� ��
����� 
 �����
 �� 	����� ��
������ ��
�� �� 
	
� �	����� �	������� �
	 �� ���� �	 ����
�����	� ��������� �	����	���� ��� �������� �
���� ���� ���
�
����������	��� 2����� 
�� �	����� ��
���� 
�� 
��

� �	��	���
���	
��
 
����
���
��
 
������
��� �	�� �	������� ������3 ��
���
� ���������� 2����� 	� �	����� ��
��� �� ���� 
����
���
��


������
���3� ���� B 
� ����� �� �������� B �	�������
��� 
	�
���� ��
������ 
	� ������� ���	�� 2����� 
����
���
��
 
������
�
�� �	�
 ����� �	����� ��
���� ��
� ������� ��
��
���	 �������
���
���	� �	� �� ���� �� 
����
�
� �����
	��� ���	�!�
	��� +���
��!
�����
� �	�����
	�
�����
� 	�����
� ����3�
��� ������� �� ��������� �	����	��� �
	 
��� �� ��� ���+���

�� 
 �����
 ���
���	� 
������
���	� ���� ����� ����� �
�����

���
���	 �� �������� ��� ��
����� 
������� �	� ����� ������
��� ���
��� �
�� �� �� 	� 
������
���	 
� 
��� #��� �	�������
�	��
� 
 �����
 �� 	����� �� ���
����� ��� �
��� ��� 
 ���������
����� �	 �
������
�� �� ��
���� �	 ��� �	��	���	
� �
�
�
�� 
��

������ �� ����� �	 ����� ������ �� ������
��� ��
� 	��� �� ��
��
�	�� 2����� ��� ���������	�� 
�����	� ��
� ��� �	�������
���
 �
����� �� ���
����3� ���	 �	� 	���� �� ��	����� �	����	�
����� ������ ���
 �
	 �� ���� �	 
	�����	� 
 ����
� ���� �
	
�� ��	� �
���
� �	 
	 �	����
	� �
���� ���
������ �� �������
��� ��������� �	��	� �������� �������	 �� ���������� "�����
	
�����
� �	� ����� �
	� �� �
��� 2�� ���	 �
����
����3 ���
�	���� 2�� �������� ������	� �� ���3 �
��	� �	������� ����� 
�
����
��
(�� �������
���	 ��������� (����� 5 �����	�� ��
���� �����

����� H��� ������� �� ��
� �� �� ���	� 
� ��� �
��� ��� �
��
��������� �	����	�� ����� ��	 �����	��� 
���� �������	�� 
 ����
��
 �� ���
� �	�������	��� 
	� �
����� ����	�
� ����� �� 
��
�

� 
����
���
��
 �������� 
�� ��� �
���� �	�������� ����� 

	�� ��!	����	 ��� �
�� ������
�� �����	��
 �	 ������
��� ��2F3
�� �	����� 
	� �	��	�� �� ��� �	��	���	
� �
�
�
��� 
� �	
��	�� � �� � � �	 ����� �� 
���� ��
� 
 ��������� �
�� �
��� ��
������ ���
��� �	� ������
�� �
��� ��!	����	 �� �
� 
	 ����
�
��� �	�� "������� ���� �����
 �

 �� �	������ �� ���� 
����
��� �����	��� ����
���	� 
����	
���	 
	� �	�����
��	� �� ������
���� 
	� �	������� ������ ������
 �������	� ���
� ���������
 ��

������ ��� ����������� �	 (����� 5 �� 
� 
 ����� �� 
����
��
���	 ������ ��
	 ��
� �	 ����� �
�
� �	����
	� �	������	 ��
��	����� ����� �� �����!��� ��� ��� ������
�� �������	�
�
���	 ���� �	 .�����	 0 �����
� ��
���
 ���� 
	 �������	�
���	
���
���
� H��� ������� �� ��
� �� �� �� ��	� ���� ��� �������
�� 
 ��������� �	����	�� ����� ��������	� �����	��� ��	���� ���
�����	�� 
 �����
 �� ���� 
������
���	� ����� ������������ �� ���
�
�� 
	� ��� �������� ��� ������� �� ��������� �	����	��� 
��
	���� 
����
���
��
 
������
���� 
� �	 ��	� � �� (����� 5� H���
������� �� ��
� �� �� ���	� 
� ��� �
��� ��� �
�� �	������� �	�
����	�� ����� ��	 �����	��� 
���� �������	�� 
 �����
 ����
���
��� ��	���� ����������	� ����� �
��	� 
� �
������	� ��� �����
�� �����	� �
�
 
	� �	�������� ������ ��
� �� �
������� ���
�	������	� �	 ��	� � � 
� �������� ��
����� 
	
 �
��� ��
� 
��
�	��	 �� �� �	��
	��� �� ��� �
���� ��	����� �	 ��	� � � 
	�

� 	��
���� ��
������ 
���
��	� �� ��� ������������ 
������
���	 $5& ��
� ��������� �
�
�
��� 
���� �
� 2�������
 
 ������
��3 ��� �
��� �	 ��� =����
	� �
�� �� ��� ��	���� ��
� 
�� 	��
�	��	 �� �� �	��
	��� �� ��� ��	����� �	 ��	� � � H��� ���
����� �� ��
� �� �� �� ��	� ���� ��� ������� �� 
	 �	�������
�	����	�� ����� ��������	� �����	��� ��	���� �������	�� 
 ����
��
 �� ���
� ����������	���� ����� ������������ �� ��� �
�� 
	� ���
�������� ��� ������� �� �	������� �	����	��� 
�� 
��

� 
����
�
���
��
 �	��	�����	
��
 
������
���� ����� ��� �
���� ��	����
�� ������� �� �� ������� �	 ��	�� � 
	� � � 
	� ��� 	�� ��!	��
���	 �� �	������� �	 ��	�� � 
	� � � )��� ��
� 	� ��
�� �� �
��
��
� 
	
 �� ����� �������� 
�� �	 
	
 �

 ��
�
	���� �� �
��
�����
��� ��	�����	��� �	�
� *��
��
� �
	
 ������ 
�� �
����
��
� ���
	� ������� �	������
���	� �� �� ������
	� �� ������
��
� �������� 
��� �
 ��!	����	� ����������!� 
	� ��� ��
	��
�
���
 ���� ����� ���
 
�� ��� �	 ��
�� 	���� �� �� �
������

������� ������� �	 �
�� �
��� 8����	� �
�
 ���� ���
 !	�
2����� 
 �
�� �

 �� 
�����
	��� �
 
 �����
 ��
� �� ��� ��
�����	 �� ���� ���� ����� ���	� �� ��
� �
�� 
��	�3 �� ���

��
��� 2����� �������� 
�� �
������� �	�� ��� �������	�
���	�3�
�� �

 
��� �� ��� �
�� ��
� �������� 
�� ������� �
� 
	� ��� �	
��
�� ���� ������ ��� �
���� ��
	 �	������
�� ������ ���� �����
�����
 �
	 �� ��������� ����� �	 �	�����	�
� �
�
 ��	�	� 
	� �	
�����
�	� ���������
��� �	������� 
������
���	 ����	������



��� ���
	���� �
����!���� �
� 	�� �# � � � � � �����	
�� �����
� ����  �� ���
	����� ���! �
� ��� �# � � � � � �����	
�� �����
� ����  �� ���
	����� ���! �
�


�	 ���� ! �� ���
	����� ���! �$ �		

��� 
���� ���!� � � $�
�

�����

� � �# ��� � 	��
� 	� �# �� � � � ���
	��	 ����� � � � � �� � ����  �
	 	� �# �� � ���� � � � � � ��������� � � � � �� 	� 
 � �� 	��

 ��� �# ��� � ���
	������ � � � � � �� ����	��	�  
�

���

��
	��
	� �����	�� 


������
�� ���
	���� �
�	����������!���� �
��
��� �
�

	��
	� �!���� �$ 	���� ���	�	��	���
 �� ���� ��� 
��
��� $�

��� ���
	���� �
�������� � � � � � �� ��!����  �
� � �# � � � � � � � �����	
�� �����
� ����  �� ���
	����� ���! �
� 	� �# �� � � � ���
	��	 ����� � � � � �� � ����  �
� 	� �# �� � ���� � � � � � �������� � � � � � �� 	� 
 � �� 	��
�

	��
	� ���	��	� 


������
�� ���
	���� �
�	��������� � � � � �� ��!���� �
��
��� �
� �� �# � � � � � 
��
��� � �����	
�� �����
� ����  # ! �
� �� �# � � � � � 
��
��� � �����	
�� �����
� ����  # ! �
� �� �# ���
	����� ���! � ���
� '� �# �! � ���
	����� ���!  � ���
�

	��
	� ��'�� �� � ��� �� �$ 	���� �	� �����	��	 �	
����� ��������������
 $�

������ 
� ()����	 "�����	� ��
 ()�������� ��� ������������ &��� ��� *����	��	

"	� 
%� ���� &��������

" ������
�� �� 
	 �	������� 
	� ��������� �
�
�
�� �
� ���
�����	��� �	 D������ ��� ������
�� �������	�� ��� 
��������
�	 (����� 0 
	�� ���� 
������	
� �������
	�� ���������	���
��� �������� �	 (����� 5 �	 ��� �� 
 ������� �

�� ��
� �	�

���� ����
�� 
	� �������
� �� 4
�
��� ��
����� (�� ��� ������
���� ��	����	� �� ���� ��� ��������� �
�
�
�� ��������� �	 $6&�
������ ��� ��� �	������� ��	����	� �� ���� ��� �������	�
���	
�� �(8�> ��������� �	 $,E&�
��� 
����������� �� ��� ������
�� ���
�
���� ��
 �����

��!	�� �
�� �	����
���� �	����	�� ��	����	� 
	� ��������� �� ��
�
����� ����
����	� �
	 �� �
����� ��� 	�	������������
 
	� 
��
����� �
��� �� ��� 
��������� ���
�	 �	��
	���� .�����	 6
����� ��� ���� �
	 �� ��	��
(�� �	��
	��� �� ���	� �	������� 
��������� �

 �� ����

�	�����
	��
��
 �������� ��
� ���
 
����� �� ��� �	����
��
��!	�� �
 ��� ��	����	 �������
��� ������
�� �
� ������ ���� ��� ��
���� �	 .�����	 0�


	� ����	 �� �� ���� � ������ ��
	 ��� ���
�
�� 
�����
�
���	 �� .>4����������	 
	� �(8�>� ���
��� �� �	
���� 
	
�	���
�� �	 �
�
 
	� �	������� ������ ����� 
�� 	�� ����
�
�
��
 
�����
��� ���������� (�� ��
����� 
 ��������� �
��
�

 ������ 
	����� ��
� 
�� �	�
 ���
�	
��� �� ���� ��	����
�� �	����� �	������
 2�	 ����� �
�� ��� �������������
� ��
���
�� 
	
 ������ �� ���
��
 ���	
����3�
��� ������
�� ��
��!�� 
� 
 �����������	���� ��
� �����	�

�	� ��������� 
	� �	������� �	����	��� �� � ������� #��������
��� ���������	� ����	���
��� ��
� �����	�	� �	����	�� �����
	��� 	�� �� ���� ������� ��
	 ��� �	����	�� ��	����	� 
	�
�������� 
���
�
 
��� ���� �� ��� ��	��
� �	����� ���	� ��� �

��� �������	�
���	 �� ��� �44' ������
�� ��������� �	 ����
�
����
"������� ��� ����
�
 ��
� �� 	�� �Æ���	�
 
	� ��
�
�����
�

��� ������
�� ������� �� ����� �	�������	� ������� (�����
� ����
��	�	� ��������� 
	� �	������� �	����	�� ���� 	�� 	�����
���

�	���
�� ��� ������
��� �	 ����� �� ���� ���������
� �	����	�
�� ��� �	����	�� ��	����	�� .���	��
� ���� �����	
���	 �����
	�� ��
�� �� �� �	���� �� 
	� ������� ���� ��� �	����	�� ��	��
���	� ���� �
���� �
 ���
� ���� �������	� ��
� �
���� 
���	��
�� �
�
 2�� �	�������3 �� ���� 
	� ������ �	 �����
� ��� 
��
������� �	 (����� 0 �� ��!	�� �	 ���� �

� ��� �	�
 ��� ��
���

�� ���������	� ��� ������
�� 
�������� ��
�
�����
 ������ ����
�Æ���	��
� ��� �	����	�� ��	����	� ���� ��
���� �	 ���� �


��
� ��� �
�
������ 
	� ������
�
 ������� �
	 �� 
�������
�	 ���
	�� �� 
� �� �
�� ��� ������
�� 
� ��
�
��� 
� ���
�	����	�� ��	����	� �� �	��
	��
���� (�	
��
� ���������	�� �	
��� �	����	�� ��	����	� 
	� �������� 
�� �����
 �� ����
�
�� ��
��� �����	�� �	����	�� �
�
�
�� �	��	�� 
� �������
��� 
����
�
 ��� ��� �� �
�
 ��
��
���	 �� �������	� 
 ���������
���
����
�
���	 �����
 ��� ��������	� '
��� �	 ����� �� �� ��������
�� ��
�� ��
� ��� �Æ���	�
 
	� ��
�
�����
 ���
�	�� ��� ���
�����	
���	 �� �	����	�� ����� �� 	�� 	�����
���
 ����� ��
	
��� ��� �������	�
���	� �� ��� �	����	�� ��	����	� �	�������

��
� ���������� ��� ������ �� ���� �������	�
���	� ��� ���
�	����	�� ��	����	� 
	� �������� �� �����
 �� �

 � �	 ����� ��
�Æ���	�
 
	� ��
�
�����
�
"	����� ��
���� �� ��� ������
�� �� ��
� �
�
 
	� �	����

���� 
�� 
����	�� 
	 �������� �������������
� ��
��� �� ��
� ���
��� ����	� �	����	�� �� ���� ������	�� ��� ������
�� �
�	�
�
�	� 
 �
������	 �� ��� ��� �� ������
�� �
����� �� ��	����
����� 
	� �� �� ���� �
������	 ��
� �� 
������ �� �
�
 ���� �
��
�� �
���
(������ ���� �� 	������ 
	� �	���� �� ��
		��� �� ������� �	

���
�� ���� ��� 
����
�� 
	� ��� ��	����� ������ 
����	� ����
��� ���
� �����	��� �	 ���� �
����



' ()������� ���� (������

"	 ����	��� ������	 �� ��� �44' ������
�� �
� �������	���
������ �	 
������	 �� ��	���� ��
�	�	� 2�
��� �	 �(8�>3� 
���
�������� ��	�����
� ��������	�� .������ ��� ��������	� �
� �	�
������ ������� 
 ����	� ��� ������	� ��	����	
������� ��� ��
��� �����
� 
����������� �� ��� ������
���
���� �
� ��	� �
 
�����	� ��� ���������	 � @C �����

	��2�� 2���33 �� �� ���� ��!	�� ������ ����	 �
������	�
�	������� �� ��	�����	� �� ��� ��
����� ��!	�� �	 � 
	�
��� ��� �� �	��
	��� �	 �� 
����	� �� � ��� ��	�����
� �����
���� ������� ���� ������� �� ��� �����
���
 ��	����	 ��������
�
 ��� 
�������� ��
� �	��
	��
��� ��� ���	� ��� 
�������� �	
(����� 0 �
� ����	��� �� ������ ��	�����
� �������� 2������
��	��� 
� 4
�
��� �����3 �
 
���
�	� ��� �	����	�� ��	����	
��	���� �
 ����	��� 
� �������@

,� 
	����� �
������	 �� �	�������� ����� �����	�� 
�� ���
������
�� �
����� �
������� ��� ��������	�� ����� ��	�
�	�	�
��� 	
��� �� ���
���	� ����� �	��
	��� �

 �� ���������I

0� ����
�
���	 
	� 
������
���	 �������� 
�� �	����
����� 
� ��� ��	����	� ��	 ����	����� 
���� 
	� ���

������	� ����	����� ��	����� �����������
� (�� ��
�����
��	 ����	����� 
���� �

 ��	��
�� 
	 
����
���
���	 ���
��� ���
���	� �� � 
	� � ���� �� � ��
� �
	 �� ���� 
�
�
������	� �	�������� ����� ��������	� ����	����� ��	����

�

 ��
	����� 
	� 
������
�� ��� ��������	� �	����
���	

� 
 ��� �� 4
�
��� ��
����I 
	�

5� 
 ��������	� 
�������� �� �������� ��
� �������	�� ��� ��	��
���	 ����	��� ��� �������	�
���	 �� *8'H9' $-& ���� ��
�
 J�����K�� A����� 
�
��
��� ������
��
 �	 $,/&�

���� ����	���	 �������	�� 
	 ���������	� �	 ����� �� ��
����
��
 ��� ��� ������
��� �	 ��� ��	�� ��
� �� �������� �	�������
��������
 ��
 ���������� �� ��
 �	���������� ��
�	�	�� �����

 ���
��� ��
�� �� �	������� �
	
����	� 
�����
���	� �
	 ��
����������
�	 ����� �� ��
��
�� ��� ����	��� ������
��� �� �
� 
��

����� �� �	� �� ���� 
�����
���	� ����� ��� ��	��������	 
	�
��� �� �
��	������ " >���� 4�������
 .����� $/& ������
� 
���
���� ���� 
�����
���	 �� �������
�� ��� ����	��
� 
� 
 �	�������
�
	
����	� ��
������
" �
��	��
 �
	 ������� ���
	��
���	� ���� 
 �����	 �����

	��� �
	��
�� 
	� �
	 ����� 
� 
 	
���
���	
� 
�� �� !	��	�
����	��� �	����
���	� ���� 
����� ��� ������� �� ����� ���	
������� 
����
����	 ������ �	��� ���
 !	� 
 ��
�� ��
� ���������
�	����
���	 ���
 	���� �	 ���� ��
����� ��
 ����� 
	� �������
���	� 2����� ���
�	�� ���� �	���	
� ������	��� ����� �
����

	� ��� �
��� ��
 �	����
���	 �������
� ����	�����3 
�� ����
����	��� ����	���	
��
 
� ����� �	 4
�
��� �
��� ��
� ��
	� ���
��� ������ ������	��� ��� ����
�
���	 �����
 ������� ���� ���
�� 4
�
��� �
��� 
	� ��	��
��� 
	 
����
���
���	 ��� ��� ���
�
���	� �� � 
	� � ���� �� � '��� 
�� �
���� 
� �	���� �� ���
��	�����
� ��������	� 
�������� 2
�� �����������
� ��� ��� ��
�	��
	��� 
	� ��� �
������	� �	�������3� ����� ��� ��������
�	� ��
����� 
�� �
���� 
� 
�����	�� 
� �
�� ���������	 �����
��� 
������
���	 �����
 ��	����� ��� ������ �� ��� ��������
�	� 
�������� �	�� 4
�
��� ����� ��
� �������	�� ����
�
�����
�
��� ��������� 
	� ���
����� �� ��� �	����� �
��	��
� ���	�
��� ����	��� ������
�� �
	 �������� ��
 ��������� �	����	���
������	� �
��	��
 ����
������ 
	� ��
����
�	� 	�� �	��
	���

������	��
�

�	 ���� ��	����� ��� ����	��� ������
�� �
� 
��� �� ����
��
��� >���� 4�������
 .����� �	 ������	� 
 �����	� �
��	��

���� ��
 ���������	� ����
���� ���� ������	��� )� ��
�� ���
�
���	� 
����
�
 �� ��
���
 �� ��� �
��	��
 ������� �� �
��
����� ���
��� ��� ����	��� ������
�� �� �
��� �	 
 ������� 
��
������� ��� ��������	�� ����� *8'H9'� )������������ ��� ���
��	��� ������
�� ����� �� ������� �
	����� ��	�!�� �	 �����
�� ���	�
 
	� � ������	��� ��
� ����� ��������� �� �	�����

�� 
����� ���� 	�	������
� 
����
�����
'�	�!�� ���
���	� ���	�
 
�� 	�����
��� ���	 ������
�	�

���� �
��	��
 ��	��������	 
	� �������
���	 
� �	����	��
�
�
���� ��	��� 
�����	� ���� �� �� ��������� �	 ������� 
	�
�
���� �

�� 
� ��������� ��� ������
�� �
	 ������� �����
�
��� ��
������
� ���� �

 �� ������ ��� ������	� �
��	�����
�	 ���
	� �	 �����!� ��������
	���� ������ �	�����	�
��
� ��

� �� ������ �	��	����	� � ���� �� ��������
��
� ��� ��������	�
�
��	���� �	��������
'�	�!�� ���
���	� � ������	��� 
�� 	�����
��� ���	 ����

��	�	� �
��	���� �	������� ���� ������	� �	������� ������
���
��� ���� 
�� �	������
 �������	��� 
� 4
�
��� ��
�����
����� 
�� 
��� ��	�!�� �	 �������	� �
��	���� �	�������
������� ��������� �	����	��� ��	�� ���������� 
����� �������
�
	 �� ���� �� ���
�� ��	����� ��
� 
�� 	�� ���������
 
�������
�	 ��� �
��	��
� ����� ��
����� ����� �� �
�� �� �������
���� ���� ���������� ����
	���� ������� ���	�!�
	� 
������	
�
�����
���	� � ����

* +������ ,��!

��� ��	��������	� �� ���� �
��� 
�� �����
��� �
 ���
� �����
��	� ���� ��� �	���������	 �� ��	���	� ���� 
� �	����
��	�
���� ������
 �
�
�
��� 
	� �
�
 ��	�	�� �������	� 
 ��
��

��� ��
����� ��� �	������� ��������
 �	 ��� �
���� ����	��	�
�
�
�
��� ���� ��� 
�����
 �� ������� �	������� �	����	����

	� ������� *����	 �� ����� ����
��� 
��
� �� ��� 	��� ��
�	����
�� ��� ����
�	� �� ������ �� �
�
 
	� ��� �	������	 ��
���� ������ ���� �
�
� �� �	� ����� ����
�	� 
� ��������	�
��� �

 �� ���	 ��� 
 �������
��� 
����
�� �� �	����
��	� 
��
��������	 
	� �������
���	� ���� �
��� ������� ���� ������

��� 
�����
���	������	 ���� �
��	 �	 $L&� �	 �
��� ��� ��	������
���	� �� ���� �
��� ��	������� 
 ���
���� 
	� ��	������ 
�����
�������	
�
� ������
���	 �� ��� ������ �
���� �	 $L&�
)��� ��
�� ������� ��� 	
���
� �	������ �	 ���	� ��� ��� ��
�

��	� �� ��
��� ���� ������	 �� ����	� 
���� �	���
����� �	 �����
����� 
�� ������� �������� ��� 	�� �	����
��� 
� ��� �������	�
�
���	 ����� 	�� 
� ��
� �� ��� ���� �	��	� 2����� 
 �
�
 ��	�	�
����� ���� 
� 4
���	� 
	� 
 �
�
�
�� �
	
����	� �
�����
���� 
� 8�
���3�
" ��� ����� ������
�� �� ����	� �
�
�
�� ����	����
 ����

�	������� �
�
�������� �
�� ��
���� �� 
�� ���
��� ��� ��� ��	�
��������	� �� ���� �
���� ��� !��� ���� ������
� �	��������
��� ���
 �� ��������� �
�
�
��	���
������ �	 $,&� ���� �� ��� ���
�
���	� ���� 
 ��������� �
�
�
�� �

 �� ���� �	��!	�� 
	�
�	�	��
	��
���� ���� �� �����
� �� ��� �
������	�	� �	 ���� �
�
��� �� ��� ������
�� �
����� �	�� 
 ��� �� �	������� 
	� 
 ���
�� ��������� �	��� >����� ��	�����
���	 �� ����	 �	 $,& �� ����
�
�	 ������ ��
� ���� �
��� 
�������� �	 ���� ���
��� ����� ���
�� 
�+��� �
�
 
	� �	������� ������ �	 ��� �
�� ��� �������

�	�����
��� 
	� ��������� ��������� 
	� �	������� ������ (��
���� ��
��	� ����� $,& �
� ���	 �	����
���	
�� ��� �����
������
�� ��
� ���� ���� ��� �	� �������� ���� �� 	�� ��	 �����



"	����� �
���� ��
� ��
�� ���� �������
	�� �� ��� ����
��������� ���� �� #��
� $,6&� #��
� �
	 �� ���	 
� 
 �	����
���� 
���������	 �	����	��	� ��
� ���	�� �������� �����
� �	�
������� ����� �����
���	� ������� �	�� 
	 �	����
��� �����

	� �������� ���������
��� ��������� ���� 
� �����
 �����������
�	�� ��
� ��� �	��	� ��������� �	 ���� �
��� �� ����	� �	�� H����
��� ����
�� ��	����	
���
 ��������� �
 #��
� �� ����������� �� ��

��� !��� 
	� ������ �	���
� 
� �� �� �
�������� ����	� 
 ����
�	����
��� #��
� �� 	�� 
	 �	��
	�� �� 
 �
�
�
�� �
���� 2�����
�� �
��� ��������� ����
 ��
��
���	 
	� �	������
 ��	���
�	�
����
	����3 
	� �� 	�� ������� �	���� ��
� �� �
	 �� 
�
����
�� �� �����
�� 
� �	�� �	 ��	��
��� �44'� 
�� �
�
�
�� �
��
����� ���
 
�� 
��� �� �����	�� 
� �� �� �
���
 
	� ���
	�

����	���� ����� �	����	� �44'� ���� ���� ��
	 +��� 
 ��	���
�	������	 ������ �� ���
��������
�� 
� ��������� �	 .�����	 6�
�� �� ��Æ���� �� +���� ��� ������ �� � ��� �������� �� ����	�
#��
� ���� ��� �
�
�
�� ��
����� ��
� �� �����	��
 �
���� "
!	
� ���	� �� ��	��
�� �� ��
� ����� ���� ����
��� �� �
���
�	 4
�
���� ��� ����� �	����
�	� #8'"> ���� ��
�	� ���
��
��
�����
 ���	�
���� ��
� 4
�
��� �
� �
������
 �����	��
	�� �� ������ ��� ��
����
� ������
���	� �� ���� �
�� ����� ��
���	�!�
	�� �	���
� 
�� ����� ����� �� 	� ���
������
� �������
��	� ��� ��� �
�
�
�� �	��	�� �	���
��� �	 ���� ������ �� ��
�Æ���	��
 �������	���� ��� �������� �
	 �� �
�� �� �
�����
���� 
� #8'"> ��
� 
�� �
��� �	 ���� ���������� �������
1���	 �� 
 �
�
 ��	�	� �
���� ��������� �	 $,L&� ��� 
�����

������� �� 1���	 �	������ 
 ��������� �
�
�
��� 
 ���� �	����
���	 �����	�	� 2����� ������� ��������� �
�
�
�� ��
����3

	� 
 ����
���
���	 �����	�	�� 4
�
 �� ������ �	 ���
���	
�
�
�
�
��� 
	� .M> �� ���� �� �������� ��� �
�
 ���� 
� ���
�	������� �
��� ��� ��� ���� �	������	 �����	�	�� ��� �����
��	��
��� �	 ���� �

 �
	 ���	 �� ������ 
�
�	�� ��� ������
�
�
�
�� 
	� 
�
�	�� ��� �	������� ������ �	 ��� ���������
�
�
�
��� ���� ��
	� ��
� ����� �
	 �� ��!	�� ������ ���
�	� 
������
��� �	�� ��� ��������� �
�
�
�� ��� ������� ����
N���
���
���	 ��

� 
	 ������
	� ���� �	 ��!	�	� ����������
�	�������� M���
 ������� �
	 
��� �� �
����
����� ������
��
��
 ��� �������� �������
	��� 1���	;� �
�	 ��	��������	 �� 
	
�	����	��	� ��
� 
����� 
	 �	���
����� ��������
 
	� ��!	��
��	� �� �	������� ������ 
������
���	� �� 	������ 1���	� ����
#8'">� � ��� 
 !��� 
	� ������ ��� �� ��	����	
������ ��
�

�� �
�� ����� ����	� 
 ���� �	����
��� ��	��� 1���	 ��������
�
	
 �� #8'">;� ���������	��� ��� ���� ���� �	�����	� ���
�������
 �� ���� ����
	�	� �
�
 �� ������
�
 ������ ������
�	������� ��������
 �
	 �� ���������� 4��������� �	�������
�� 
��� ��
��� �	 ������
�
 ������ ������ �� �
	 �� 
������
����
���������� �� �� �� �� ����� �� �
	
�� ��� ��� �� �
�
 
	�
�	������� ������	 ��
���
� ������� 
	� ���� �
	 ����������
��� ���	�
 ���� ����� ���
 �
	 ������� ������� �
�� �����
.���	
� ���
� �	 ��������� �
�
�
��� ���� �������� �	 $0�

,0&� ��� ��	��������	� �� ���� �
��� �� �� ���� ����� �	
��
� ���
 
�� ������
��� ���� 
 �����
� ����������� �	 �����
�
�
�
��� 
�� ���	 
� ���� �� �����
� ��
����� �����
� ��� �	�
������� �
�
�
��� �� $0� ,0& ��	����� �� �	������� ������ 
�
�
����	�� ���� ��	��
��
� 
	� 	�� �����
� ��
����� ���� �������
��
��
� 
� ���� �
��� ����� "���� $0� ,0& �
�� �������� 
	 ��
��
�
���	 ��	����	 �	 
������� �	������� 
	� �	��� ��� ������
���� ����

��� ��
���� .��� 
	 ��
��
���	 ��	����	 ����� ��
�
���
 �	������
��� �	�� ��� �	��	� ��������� ���� 
	� �
��
�	� �� ����

��� ����� �� 
 ��
	� �� ������� �����	�� ���	
����� 
������
���	 ������� ����� �� ��	!������ "	����� ����

��
� �����	����	 �� ��
� ����� ���� �
��� ���� 4
�
��� 
� ���
�������	�
���	 �
	��
��� $0� ,0& ��
�� ��� �
���� �	�����!���
���� ���� ��
����� �
��	� ��� ���� �� ����������	
� 
������

���	 ������ H���� ��� 
����
�� ��������� ���� ��
	�� ���	

 �������!	�� 
	� ��������
��� �����
� ��
������� �� �� 	��
���
� 
� ���� ��
�� ��
� ���	�
���	� ��� ��������� �
�
�
���
�������� �	 $0� ,0& ��
	� ���	�

- ������ ,��! ��� .����������

H��� �� 
���
�
 �	����

 �� ����	� ��� ��	��������	� ���
������� ���� �	 ��� �
�	 ��������	�� 8	 ��� ����� �
	�� ���

������ 
�� 
��� !	
����	� 
 ��	��
����� ��
������ ��� �����
��
�	� �� ���	� �������� ��� 
������
���	 
	� �������
���	 ��
�	������� 
	� ��������� ��������� ���� ���� 
���� �44'� ��
�� ���	 
� 
 ��
�� �� �
����� ����� �	��
	��� �
	 �� ������
��	�� �
 �
������
� ������� �� �	����	��
� �
�
�������� �	 ���
�	� �
	�� 
	� 
������
���	 
	� �������
���	 �������� �	 ���
������
(����� ������ ��
� ���� �� �������� �	����� ����
�	�� ���

����
�� 
� ���� 
� �������
�� �����
���	� ��� �� ���	� 
�����
��
���	 
	� �������
���	 ��������I �������	� ��� ��	�!�� �� 

������
�������� 
����
�� �	 ����� ��� ��� �	����	�� �	��	��

�� �������� �
 
 �	�!�� �	�I 
	� ����	��	� ��� �
	�� ��
�	������� ��������
 �
��� ��
�	� ��� �������	� ��
�� 2�� �	�
������ ����� �
�
 ����
�
���	 
	� ����� ��
��
���	3�
D������	
�
 ������ �� ��� ���� �
���;� ��
�
������
���	 ��


 �
�
�
�� ��
����� �	����
��	� ����
 
	�����	� 
	� �	����
���	 �� 	����������� ���� ���
���� 
	� ��	����� ��
	 
	
 �����
�
�� 
������ ���� �����
� 
��� 
	� ������ �	 �
������
�� ���
���� ���
���	� ��� �
	
��� �������������
� ��
��� �� �������
�� ��
���� 
�� ���
��
 ����������� ���� ��� ��� !��� ����� ���
�
��� �
��� �� ���
� ��
� ����
�	� 
	� ��������	� ��������
��� ��� 
������
���	 
	� �������
���	 �� ��� ������� �� ����
��������� 
	� �	������� �
��� �� �����
 �� �� 
 �
+�� ������

����� �	� ��
� 	� �������� ���
��� ���� �
� ���	�
��
 
��
�������� (�� ��
����� ����	��	� �	 ��� ����������	��� �� ���
�����
� �
	��
�� ����� �	�������
�� ��
�	�	� ����� �

 �	����
���� �	��	�����	���� ��
� 
�� 
������ �	 ��� �
�� �� �44'� �

������	� �� 2����	��
��
 ���
��!��3 4
�
����
�� ��	������ ��� ��	��������	� �� ���� �
��� �
	 �� ����

�
����� 
� �������@

,� 
 ����
� ��
�
������
���	 �� �44'� 
� 
 ��
�� �� 4
�
����
�
��� �����
� ���������� ��
� ������� ��������� �
�
�
���I

0� 
	 
�������� ��� ��������	� �
��� ���� �44'� ��
� ���
�	��
 �	����
��� ��������� 
	� �	������� �	����	�� �
�
����
����� �
��� �	 ����� �����
���	�I

5� 
 ��
�
������
���	 �� ��� ������ 
����	� �	 ��� ��	���� ��

������� �� ������� 
	� 
������
�� �	����� �	������� �	
�	������� �
	
����	� ��������I

/� 
	 
�������� ��
� �������� ������ �������� ��� ��������	�

	� 
������
��	� �
�
 
	� �	������� 
� 
	 ��
���� �� ���
��� ���
��� ������ �
���� �	 ���� ������� ����� �� �
�����I

6� 
	 ����	��� ��
���� �� ��� �44'� ����� ������� � ���
����	��� 
	� ��
�����
 �	 ��
����
� �	������� �
	
����	�
����
���	��

%� 
 ����������	 �� ��� �44'� �
	 �������� ���� ��
	 �	�
�	������� ��
�������

!�3�	1(��.����� #
����� "� �� "�
�O
� �� �	 ��
�� ����
��� *�	��
� '
	� �� '�
��� 
	� ��
������
 
��	�������� ���



�����
����� 
�
���� �� ��� �
 ��� 4��
����	� �� *�������
.���	�� �� ��� K	�������
 �� #
	��������

+�/�������

��� +
���	��� ,	
������� -��������	 &������	 .	�������/� ����
����� ��0 � 101213�� ��114 �

�5� 6	��%+
��7���� ,��������� ���� *�	�	����	�� ��� 8	���� ���%
����� -9�	

��� ��������	 &������	�: � ;��	 <���
 �� ��	
��=( .>?( $�	
���
/� �� ����� ��� ����� 	���� 6� @
����
��� �� 9�������� �����	 �A�B �� ����� ��� �1C25B5�
<�
���	
� ��11D �

�4� <�	���� ;	
�� E	�
� E������� ��� ?	��F�� #����� ����� ����
�������� � ��
��� � � <�
���	
� �11B�

�C� ?���� ;�
��
������ ?���� ������	

 �	
�	
� ��
	 ����
������
��������	 �� �����������&��
	���
�����
��	���	�	��'���
�	(�

�A� <��
��� *���
 &��� ���!�
�"� ��
��� � ��� ����� ����
��������� ������� G	��	
� �115�

�0� #����� 8� &��	���
� ��� ?��
	��	 "
����� #������
���������� 8,< "
	��� 5BBB�

�3� <�H�� &HF	
���� ��� ���� ,
����� -8������� ����	 �� ��������	
����� �
��
������/� �� ���������� �$ 
%� ��� ��
����
�����
#��� %�
 �� ���!�
�"� ����� ������������ 	��� <�	��	�
�����	���� #��
�� 6����� �6��	 �115 � �;$#� #�%��D5�

�D� ����
� �� �� +	
����	�� -;�������� ��������	 ��� &	���%
���	 ���	
	��	 �� *����	��	 �����	�	�� #����/� �� ����� & 

#��� %�
 �� 
%� �%���' ��� ����
��� �$ ��������� (���
������
� ��� ��B12���C� �((( "
	��� �5BBB � �� "
��� ����
����� G�
����� &(I��

�1� &� 8� +���	
� -;���	����� ;����	
���� ?	�
���� �
�� ()��%
��	�� ��� ���	
	��	/� �� ���������� �$ 
%� )
% ��
����
�����
#��� %�
 �� (��%��� ��������� ��1D3 �

��B� =��� ?��
�H� ��� <�H�� &HF	
����� ���!�
�"� ����� ��������
����* ���%��+!� ��� ,

����
��� � (���� 8�
����� �11C�

���� ��� ���������� �������	 ��
�J�� �� �����
� �����	��	 ��%
�	����	 ������ ����������������������
����&
�)*+,-./0,�
����1���
� <	��	��	
 �11D�

��5� 8	���� �������� -��������	 &������	� ��� ;���	��	� .	�%

	�	�������� ��
 &��� ������/� �� ����� &--. ����� 	���
6� �����F
����� �����	 �4� ��� 5�24B� ��# "
	��� ��113 �

��4� 6��� ����	
� -?���� ��� �������	�: � 5B 
	�
 
	�
���	����	/�
�� ���������� �$ 
%� ��
����
����� #��� %�
 �� ����� ��
��
��� � /���0-12� �����	 ��AC �� ���
!�� ��
� �� ����

!
�� �������� ��� 42A3� <�� �������� ����
� �6��
 �110 �
<�
���	
%K	
����

��C� �?�	�� .	���
�	: <�����
	� ��������	 �� �����������
&����
�����

��A� *� ��
��� <� G
��	�� 6�%>� *�	�F� ��� G� (��	� ���������
,�+!� �
��� ��� (��%��� �������� � �%���'3 (�
%�� 3 ���
,

����
��� � ����	��� "
	��� �114�

��0� <�	��	� �����	���� -���	
�	 (������	�� ��� "
����/� ���
4�����
��� ���
!
���� �
� 5CA25D0� ��11A �

��3� <�	��	� �����	��� ��� ?�� �	 .�	��� -��������	 ?���� "
�%
�
������: #�	�

 ��� �	�����/� 5��� ���5B � 0512031�
��11C �

��D� (����	��� <�������� ,
��� ?��	F	
� ��� .���
 *	
�	
� -��%
�	�
����� ��������	 ��� �	������	 
	������� ��
 ���� ���%
���/� �� ,�"���� �� ��������� �� ��"��' ��� ��
� (������
	���� >���� +�

��� E
	��

 "���	���
%<����
�� "���
���
<�
��� ��� .������
 >���
����
� 4A42434� ��# "
	���
;���
���	� ���
�� �110 �

��1� (
�� #���� ,
��� 6� E�
�	
� ��� <�	L	� <����� -#�	 
��	 ��
�
��M���� ���	����	��	 �� �����	��	 �����	�	��/� ���������
6� �� �' 
�� � �
�A � 54A2541� ���
 5BBB �

�5B� <�	��� G
��	�� -��������	 ?���� "
��
������/� �� ������
�� 
�$ ��������� 7�
�� ��
�
���� 	��� E� ,
	���� �A�2�D1� ;<?�
"���� ��110 �



 



Traceability and knowledge modelling 

 
Smain Bekhti, Nada Matta 

Tech-CICO, Université de Technologie de Troyes 
12 rue Marie Curie, BP. 2060, 10010 Troyes Cedex, France 

e-mail: {smain.bekhti, nada.matta}@utt.fr 
 

Abstract. A project memory is a representation of the 
experience acquired during projects realization. It can be gotten 
through a continuous capitalization of the enterprise activity, 
notably its design rationale. Most of capitalization methods 
don't allow a design rationale structuring in real time. We 
propose in this paper, a dynamic process of knowledge 
modelling, offering a way to keep track of Knowledge in two 
stages: direct transcription and structuring. 
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1 INTRODUCTION 
Knowledge management is a process of explicitation, 
modelling, sharing and appropriation of knowledge [1]. The 
majority of knowledge management methods aim at defining a 
corporate memory considered as a strategic asset of the 
organization. We can classify these methods in two main 
categories:  knowledge capitalization methods and direct 
extraction methods (Figure 1). 

 

Figure 1 .  Two techniques of explicitation of knowledge: 
capitalization and direct extraction 

 

• The methods of knowledge capitalization use 

primarily techniques of knowledge engineering.  These 

techniques consist mainly of knowledge extraction 

(experts interviews or collection from documents) and 

modelling. We can note for instance methods MASK, 

REX, etc. 

• The direct extraction aims at extracting knowledge 

directly from the activity of the organization. We can 

distinguish several techniques as data mining (extracting 

knowledge using statistical analysis), text mining 

(extraction of knowledge based on linguistic analysis of 

texts [2]), techniques of traceability (e-mail, forum of 

discussion, etc) and design rationale. 

 
We study in this paper, the traceability of the design rationale 
that aims at defining a project memory [3]. The principal 
problem in this traceability is the dynamic modelling, in 
other terms, how to formalize the data and information 
extracted in real time from the activity.   

Dynamic modelling must also be realized in parallel with the 
organization activity.  Therefore, this modelling should be 
integrated in this activity.  In other terms, direct extraction 
and dynamic knowledge modelling introduce changes in the 
organization and the realization of a project.   

Several methods of design rationale were defined.  These 
methods allow keeping track of collective problem solving, 
especially those extracted in meetings of decision-making.  
The techniques recommended in these methods induce a 
consequent work.  So they are less and less used in the 
organizations. The objective of our work is to define a 
method of dynamic modelling easy to apply, therefore a 
method easily integrated in the activity of realization of 
project. Our hypothesis is a decomposition of modelling in 
several stages, slightly transforming the activity of making 
notes and their organization. The method (Cf. 3) we defined 
is built by analysing an experiment of traceability of a project 
of definition of professional risks evaluation (in 
collaboration with National Institute of Research and 
Security «INRS» [4]) while being based on a study of the 
literature of the design rationale(Cf. 2). 
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2 TRACEABILITY OF THE DESIGN 
RATIONALE 

 Several methods were defined to represent the design 
rationale in a project. These methods can be classified in two 
principal categories: decision-making driven representation and 
problem solving dynamics representation.   

2.1 The decision-making driven 
representation 

In this type of approach, the design rationale, also named the 
analysis of the Space of design [5] is represented through the 
elements that influenced a decision-making.  We can distinguish 
primarily the methods IBIS [6], DRAMA [7] and QOC [8] (the 
reader can refer to [3] to have more details about these 
methods).   

The space of design is generally represented in these methods by 
design choices.  These choices are structured like answers to the 
questions evoked by the design's problem. Arguments can 
justify the choices of an option according to a given criteria.  
The options generate other questions to which the designers 
answer by options. 

2.2 Representation of the dynamics of 
problems solving 

Some approaches offer a more global representation of the 
design rationale. Indeed, some elements of the context like the 
activity of the organization, the role of the actors and the 
artefact are represented.  We can distinguish in particular the 
DRCS system [9]. It offers several views on a project: modules 
of the artefact, association of the tasks, evaluation of the 
specifications, decision-making, alternatives of design and 
argumentation.   

Another approach consists of representing the design rationale 
based on cognitive analysis of a problem solving. We 
distinguish in particular DIPA formalism [10]. This formalism 
(Data, interpretations, proposals, agreement) use problems 
solving modelling defined in knowledge engineering to 
structure a decision-making. In DIPA, the model decision-
making is represented in three major stages:   

1. A first phase of description of the problem which 
allows collecting data, considered as symptoms in 
analyse situations or as needs in synthesis situations; 

2. A second phase of abstraction which starts from data 
problems in order to find to them an interpretation 
corresponding to a possible cause in the analysis 
situations or with a functionality of solution in the 
synthesis situation;  

3. A third phase of implementation which starts from the 
interpretation (cause or functionality) and which 

allows to elaborate a proposition which will take 
the form of a repair removing the cause of the 
symptom (analysis) or a means responding to the 
expressed functionality (synthesis). 

2.3 Discussion 

Figure 2 .  Mutual influences between elements of the project 

 

A project memory must contain elements of the experience 
Coming as well as from the context and from the problem 
solving. These elements have a strong mutual influence so 
that if the context is omitted, the restitution problems solving 
is insufficient.   

We often observe this type of phenomena in the results 
obtained with the approaches quoted above. Except the 
system DRCS, some approaches defines techniques to 
represent this influence between the context and problems 
solving in a project.  Even DRCS system can only allow 
representing a part of this context (the tasks organization and 
the projection of the decisions on the artefact).  In the same 
way, we can observe some efforts in DIPA formalism to 
represent the organization of work in a workflow (task/role). 
However, also other elements have to be identified like 
constraints, directives, resources and competences, modes of 
communication, etc.  We consider in our approach 
representing a complete vision of the project context by 
emphasizing its influence on the problems solving.  

In other way, the representation of the problems solving as it 
is suggested by the approaches noted above, remains 
incomplete as a representation of the space of negotiation 
between the project actors.  Indeed, the first type of 
approaches rather allows a representation driven by the 
decision in order to show only the elements that influenced a 
decision. In the second approaches type, an effort is made to 
represent the dynamics of the decision-making.  However, a 
negotiation is a space of discussion between several actors 
where various objectives are confronted, alliances and 
conflicts are constituted.  In the same way, a negotiation has 
a history and is influenced by the alliances and the decisions 
made during the last negotiations. Our approach permits to 
keep in memory this dynamics of negotiation so that its 
restitution is easy to show the various elements included in a 
resolution of problem. 
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Finally, the application of the design rationale methods 
proved their difficulties in real time.  In fact, it is no evident to 
note all the enunciations and to analyse and structure discussion 
directly during the meeting.  Modelling a-posteriori presents a 
significant risk of missing arguments and elements that 

influenced the decision-making.  We propose in following, 
an approach proceeding by progressive stages for a direct 
traceability and a modelling of the negotiation.   

Figure 3 .  Model of traceability process

 
 

3 DYNAMIC PROCESS OF KNOWLEDGE 
MODELLING 

The dynamic process of knowledge modelling we defined is 
based on a method permits to obtain a structured track of a 
project memory as well as the context and decision-making. The 
principal objectives of the method are on the one hand, to make 
possible its application in real time and keep track of meeting 
and on the other hand to structure knowledge extracted so that it 
can be easily reusable.  We thus defined three principal stages in 

this step:  context representation, transcription of the design 
rationale, restructuring and multiple views definition 
(figure3). 

3.1 Context representing 
We represent the context of a project (Figure 4) as a 
description of the work environment (means and techniques, 
referential, instructions and constraints of the project) and 
the project organization (participants, their roles and tasks 
organisation). 

Figure 4 .  Representation of the context 
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We present in figure4 some elements of the context that can be 
represented in several levels of structuring, to show different 
aspects of influence between its elements and the design 
rationale. 

3.2 Extraction and representation of the 
design rationale 

3.2.1 Direct transcription 
The approaches of design rationale generally require a 

deep analysis to model decision-making. So they are not easily 
applicable in real time.  The first stage of our approach consists 
of a transcription guided by a form where the basic elements as 
problems, argumentation and decision can be classified. These 
forms can be used to note in a structured and rapid way all the 
data elements that can be collected during a negotiation (Figure 
5).  The objective is to prepare a structured transcription of the 
negotiation during meetings and in real time.  The structure of 
these forms permits to distinguish the elements of the discussed 
problem, to highlight the arguments of the participants to the 
meeting and their possible suggestions.   

Notes are structured initially by participants who, during 
the meeting, are recognized either by their names or by their 
visual aspects. In fact, the direct transcription that we propose, 
follows on the one hand, the traditional methods of notes taking 
in meetings and on the other hand prepares the structuring of 
knowledge.   

This transcription can be easily realised by a meetings 
secretary. No deep analysis is required in this type of 
transcription. Note also that a chronological recording of the 
negotiation is backed up in this type of transcription.   

Figure 5 .  Form used for the direct transcription of a negotiation 

3.2.2 Content structuring 
The principal objective of a structuring is to allow an intelligent 
access to the knowledge of the memory. We propose to provide 
several accesses to the memory according to various prospects 
that we define later on.  The second stage of our approach 
consists of a structuring based on a cognitive analysis of the 
forms filled out during the direct transcription. We were 

inspired by the approaches of design rationale to define a 
structure of representation (Figure 6) putting ahead the 
influence elements of a negotiation, such as argument, 
criteria of justification and suggestion. The identification of 
the criteria is guided by a classification of the argument 
types. The method that we propose can be compared with 
meetings reporting where the direct transcription is similar to 
the notes making and the structuring to the summary report. 
However in our case, the notes taking is guided and the result 
is richer and reflects a more complete memory of the 
negotiation and the decision-making. 

Figure 6 .  Form used for the negotiation structuring 

Some criteria, definite during this structuring, can be 
regarded as simple to identify and could be used to enrich the 
structure of the direct transcription (used in future meetings) 
and to facilitate the structuring.  It’s in this sense that we 
consider our method like dynamic process acting at the same 
time on the method and the structure.   

Our main objective is to integrate the traceability of 
decisions in the process of realization of projects.  The 
approach that we propose introduces a slight change into the 
organization of a project in order to make this traceability 
possible.  

In order to guarantee a representation of the deep knowledge 
which have influence the design rationale, the validation 
meeting after some project phases and at the end, especially 
with some participants who have got a global vision of the 
project (for example, the project manager), must be hold.  
These permit to reformulate the arguments, the suggestions 
and the criteria and to re-examine their classification.  The 
structure of the memory encourages the participants to clarify 
their knowledge, enriching by that the contents of the 
memory.  

3.2.3 Logic of the structuring form 
The structure represents the logic of discussion.  Participants 
discuss each part of the problem by giving their opinions 
supported by several types.  The participants can also give 
suggestions concerning the part of the problem.  The whole 
arguments and suggestions allow the group to make a 
decision concerning this part of the problem.  The part of the 
problem is thus solved, otherwise it will be discussed again 
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in the same manner and it will pass by the same cycle. So we 
will be able to see the evolution of this element during the 
discussion until its final version.  

In the structure, the arguments are classified according to their 
type or their nature.  Each argument or suggestion is related to 
the participant who emitted it.  Knowing that for each 
participant his competence and his role are described, that 
permits to see the relation that can exist between the 
contributions (arguments, suggestions) of the participants and 
their competence.   

Elements of the structure 

Problem objects: The global problem discussed during 
the meetings is composed of sub-problems or elements of 
problem.  The idea is to break up the whole discussion into 
basic elements. The structure thus permits to represent these 
elements of discussion with their contents, to bind between them 
and to represent the evolution of each of them during the 
negotiations.  

Arguments: One of the most significant elements of any 
negotiation is the argumentation.  In our approach the 
argumentation is an essential element of the representative 
structure because it is the origin and the cause of the evolution 
of the discussion of the problem and consequently of the 
decision-making.  

Suggestions: The arguments advanced by the speakers 
during meetings often lead them to make their own suggestions 
concerning such or such part of the discussed problem, we 
envisaged in the model a space for the suggestions of the 
participants. The suggestions are related to the arguments and 
the participants who proposed them.   

 Participants: The representation of the participants in the 
structure is important, it permits to bind the arguments and 
suggestions to their transmitters.  Each participant is 
characterized, primarily, by his competences and his role in the 
project (see context).  It permits to really understand the logic 
and the reasoning of the participants and the motives of their 
interventions. 

3.3 Definition of multiple views 
The design rationale as it is generally defined, represents the 
space of decision in a project. We propose to describe this space 
in various points of view while focusing on the negotiation that 
takes a central place in the design rationale. The majority of 
these points of view can be generated automatically from 
structuring forms. We identified four points of view: Point of 
view of problem solving, Point of view of argumentation 
criteria, Point of view evolution of the problem solving and 
chronological point of view. We study other points of view that 
permit to shows the links between the participants and the 
problem solving [11]. 

3.3.1 Point of view of problem solving 
This point of view is based primarily on the structured forms 
corresponding to the elements of the problems treated. 

 

 

 

Figure 7 .  Example of a point of a view on the  problem solving 
[4]. 

3.3.2  Point of view of argumentation criteria 
A view extracted from the criteria of argumentation shows a 
synthesis of the key elements that influenced the problem 
solving and from through that the decision-making. This 
view presents the relations between the criteria, the advanced 
arguments and the arising problems. 

Figure 8 .  Example of a view by criteria 

3.3.3 Point of view evolution of the problem 
solving 

The evolution of the decisions is an important element to 
memorize in the design rationale. We put the evolution of the 
problems forward while joining the problem to its solution 
that can also generate other problems. 
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Figure 9 .  Example of a view on the evolution of the artefact 
(principles of assessment of the professional risks). 

3.3.4 Chronological point of view 
The transcription forms can offer a chronological view on the 
progress of the negotiation. Indeed, from this chronological 
representation, we can reach at any phase of the evolution of the 
problem solving. The representation of the task process in the 
context as well as the link between these tasks and the forms 
provide a global view on the progress of the project. 

4 CONCLUSION 
 

 

Figure 10 .  The solutions brought by our approach to the 
limits of traceability methods 

A project memory reflects an acquired experience, it must 
represent all elements of information related to the project, as 
well as the context and the design rationale. We describe in this 
paper an approach that permits a global representation of these 
elements. It puts forward the elements and the mutual relations 

that influence the problem solving in a project and that 
through views representing the different faces of the project 
progress. 

The approaches of traceability of the design rationale present 
some limits in the modelling during the activity. These limits 
are linked essentially to the difficulty in identification and 
classification in real time questions, suggestions, types of 
arguments, etc. during meeting. We proposed a dynamic 
process of modelling based on several phases starting from a 
semi-structured note taking toward a more advanced 
structuring. The structure of representation evolves the 
problems evolution. 

Our approach is based on a representation similar to the 
approaches of design rationale. Indeed, the decision-making 
is described with key words as: problem, arguments, 
suggestions, etc. As we showed it in this paper, it integrates 
easily in the project process without requiring specific 
expertises. It is based on as well as knowledge traceability in 
real time and a-posteriori analysis that permits to get a deep 
representation of knowledge. Thus, allows having a global 
vision of the project (figure10). Let's note that the process of 
modelling is based on an abstraction guided by 
classifications and structures. 

We defined this approach while being based on a real 
experience (the project of definition of the principles of 
assessment of the professional risks) and we plan to validate 
it on other fields of application. 

The representation of the context in our approach is not 
developed enough, we examine other studies of the context 
especially mathematical and sociological representation. The 
pragma-linguistic works can enrich the representation of the 
communication in a memory of project, in the same way, the 
socio-organizational studies are very important to identify 
the interpersonal relation and their role in the decision-
making. 

We develop a tool to support our approach offering, on the 
one hand, a flexible structure of representation and on the 
other hand an adaptive user interface. 
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Abstract. Enterprise Modelling (EM) methods are well-recognised
for their value in describing complex, informal domains in an or-
ganised structure. EM methods are used in practice, particularly dur-
ing the early stages of software system development, e.g. during the
phase of business requirements elicitation. The built model, however,
has not always provided direct input to software system development.
Despite the provision of adequate training to understand and use EM
methods, informality is often seen in enterprise models and presents
a major obstacle. This paper focuses on one type of EM methods:
business process modelling (BPM) methods. We advocate the use of
a BPM language within a three-layer framework. The BPM language
merges two main and complimentary business process representa-
tions, IDEF3 and PSL, to introduce a Fundamental Business Process
Modelling Language (FBPML) that is designed for simplicity of use
and under-pinned by rich formality that may be used directly to sup-
port software and workflow system development.

Key-words Business Process Modelling, IDEF3, PSL, Workflow Man-
agement, Business Modelling, BSDM, Formal Method, Enterprise Mod-
elling, Collaborative (Web-based) Knowledge Management.

1 Introduction - The Gap

Enterprise modelling (EM) methods are well-recognised for their
value in organising and describing a complex, informal domain
in a more precise semi-formal structure that is intended for more
objective understanding and analysis. Example EM methods are
business modelling method, business modelling of IBM’s BSDM
(Business System Development Method) [13], process modelling
method, IDEF0[18], IDEF3[17], PSL[21], RAD[19], RACD[3],
CommonKADS Communication Model Language (CML)[26], or-
ganisational modelling, Ordit[7] Ulrich[10], capability modelling,
[22] and (Enterprise) Ontology [23], [25], [9].

Despite their use, Enterprise Models have not always provided di-
rect input for software system development. Obstacles include the
necessary training required for users to learn conceptual modelling
in general as well as the specific techniques required for the spe-
cific method applied. Generic knowledge acquisition techniques are
also needed to elicit knowledge from the application domain. One

other main obstacle is the lack of direct mapping from EM methods
to software system development. Since EM methods are normally
described at higher levels of abstraction which are independent of
implementation issues, EM methods are often used merely as a de-
scription and analysis tool of the application domain. However, as
EM methods often describe requirements from the business side, as
opposed to from the technical side, the built Enterprise Models are
natural candidates to provide a “blueprint” for business requirements
when building software systems.

Figure 1 illustrates the gap that exists between Enterprise Models
and common software systems built for organisations. It also pro-
poses three possible means, all of them based on formal methods,
Quality Assurance, Mapping of Data Structure and Workflow System,
to bridge the gap by providing direct mappings between Enterprise
Models and designing and building of software systems.

Figure 1. Bridging Gap between Enterprise Models and Software Systems

Formal methods may be used in various ways to facilitate commu-
nication between modellers and users of models, e.g. to make tacit
information explicit and present it in different (maybe less techni-
cal and/or more familiar) forms, or to provide simulation function-
alities to allow the reader to run through possible user scenarios
in a state machine[2][20][11]. Automatic support such as knowl-



edge sharing and inconsistency checking between different Enter-
prise Models, when a set of EM has been used, may also be done
based on one commonly shared ontology [3]. The automatic sup-
port helps the modeller and user of the model understand a model in
depth, therefore enhances their ability in error detection and model
refinement. As a result, quality of the built models is improved. The
refinement process based on computing support is indicated by the
“Quality Assurance” arrow in the figure. Another way to bridge the
gap is to provide a means to transfer data and knowledge that are held
in the EM, particularly in an ontology, to software systems. This may
be done by mapping an ontology to ER (Entity-Relational) Model
(for Relational Databases) or to Class Diagram (for Object-Oriented
Databases) or other types of data structures. This is indicated by the
“Mapping of Data Structure” arrow.

This paper focuses on one type of EM method: Business Process
Modelling (BPM) Method. One direct and obvious way to make use
of BPM methods and to provide a direct input to software systems
is to build a workflow system that is based on a business process
model[8]. A definition of workflow, that is given by the Workflow
Management Coalition, that describes its relationship with a business
process is given below:

“The automation of a business process, in whole or part,
during which documents, information or tasks are passed from
one participant to another for action, according to a set of pro-
cedural rules.”[8]

Although the above approach seems obvious, in practice not all
workflow systems have received the full benefit from business pro-
cess modelling. The BPM approach towards building a workflow sys-
tem is a recent and gradual approach over the past two years. This
is different from the first generation workflow systems where BPM
was not used[12]. The reasons for such phenomena are the lack of
training and understanding of BPM methods and how they may be
applied in an organisation. The business process when it is used of-
ten does not separate business and implementation logic, and hence,
the resulting workflow system is not flexible in reaction to the dy-
namic and volatile environment within which the workflow system
operates.

Last but not least, while BPM methods are normally described at
a higher level of abstraction that enables flexibility for implementa-
tion, they do not provide sufficient details of additional information
that must be included for process enactment. It is therefore benefi-
cial to provide a means that maintains the flexibility of higher level
descriptions, while at the same time providing sufficient information
and a mechanism to carry out workflow[14].

This paper proposes a layered business process modelling ap-
proach that aims to lessen the above problems, therefore narrowing
the gap. The paper also describes the design of FBPML (Fundamen-
tal Business Process Modelling Language) and how business pro-
cesses based on it may be mapped to a visualisation of dynamic states
of a workflow system in a collaborative enterprise environment.

2 An Ontology based Three-Layer BPM
Framework

Figure 2 describes a layered business process modelling framework
which provides the means to allow higher level business processes,
objectives and policies to be carried forward and realised in the actual
implementation of software (and manual) systems. The upper two
levels of the framework describe business operations at a higher level
of abstraction; the lower level of the framework describes how these

business operations may be implemented in a software system. In
this framework, design rationale of a software system is based on a
company’s objectives, hence the corresponding software system can
be traced back to the initial business requirements and justified. Both
of these enable the system to be coherent with the overall business
aims.

Figure 2. A Three-Layer Business Process Modelling Approach

The first layer, Business Layer, describes business requirements
of an organisation, processes that are to be carried out by the organ-
isation and information used by these processes. Information stored
in this layer are higher level descriptions that may be written in in-
formal or semi-formal documents. Examples are source data files,
mission and organisation goal statements, business plans, and sum-
mary and vision of business operations. In this layer, information
that is consolidated, such as business policies, longer lasting organi-
sational structure and business-level decisions that are used as guide-
lines for developing business process models, is in general robust
against change of technologies and (automated or manual) practices.

The second layer, Logical Layer, expresses a logical description of
business processes. This description dictates the conditions and ac-
tions of business processes, the relationships between them as well
as operational constraints on data that processes operate on. The
Logical Layer is a (semi-formal) business process model that de-
scribes business operations in ordered activities. It extracts and for-
malises business requirements using computer understandable lan-
guages, while leaving the corresponding (informal) source data side
by side in the model for reference and justification of its formal repre-
sentation. It also interprets and elaborates the abstract requirements
described in the Business Layer into more concrete constraints us-
ing the designed language to provide direct design guidelines for the
implementation of the software system. The process modelling lan-
guage, FBPML, that will be described in Section 4 resides in this
layer.

The formality described in this layer allows automatic communi-
cation with the next layer, the Implementation Layer. Logical layer,
however, does not consider the mechanism which may be used to en-
act the described processes. Such issues are dealt with in the Imple-
mentation Layer. Examples of such issues are the software paradigm
deployed, software and hardware systems involved, integration is-
sues, and programming languages used. Descriptions in the Logi-
cal Layer may have multiple mappings to descriptions in the Imple-
mentation Layer. This is particularly applicable in a complex or an
agent architecture system where different components may have dif-
ferent functionalities and means to implement the same logical pro-
cess. They also need to collaborate with each other to accomplish a
business process.

The logical layer specifies all of the process-related and the core



set of data-related integrity constraints so that the implemented sys-
tem does not violate any business or operational constraint. Since a
business process may be enacted by different system components and
they may be carried out concurrently, the business process model pro-
vides a common and sharable knowledge base for process communi-
cation during enactment. Because a business process model captures
operational logic and is independent of technologies used for imple-
mentation, it is more robust against changes of technologies.

The Implementation Layer gives detailed step-by-step algorithmic
procedures for software modules that implement processes described
in the Logical Layer. Such algorithmic procedures may be described
in a process modelling language that is capable of describing im-
plementation details, or languages similar to flow-control and data-
flow diagrams, or other application or system specific languages.
Implementation Layer tends to be technology-dependent, it may be
changed very frequently. For instance, an introduction of a new user
interface, software or hardware system component may or may not
result in a change in the logical layer, but will probably cause a
modification of the corresponding descriptions in the Implementa-
tion Layer. For this reason, processes given in the Implementation
Layer are volatile and disposable, as new technologies become avail-
able. They may be easily changed without disturbing a business’s
operation in a principle way leaving the business a more flexible and
agile system.

Information that is manipulated by logical processes is organised
in a hierarchical fashion, i.e. a Domain Ontology. The Domain On-
tology gives semantics of the information stored and is comparable
to a subset of classes that may be used to store operation related in-
formation in a database. It includes common classes (or a part of the
schema for a “relational system”) that are shared by different logical
processes to allow them to exchange information under a standard-
ised business practice. The Ontology is also mapped to procedures
that are described at the Implementation Layer which allows infor-
mation to be passed between the two levels based on the constraints
prescribed in the logical processes.

As a process may be implemented differently in different system
components, different versions of implementations may read, write,
update or delete the same data sources concurrently following the
explicit data management polices defined in the Logical Layer. The
enacted processes may also communicate with each other through in-
formation that is under-pinned by the Domain Ontology. This mech-
anism enables a close collaboration between different process en-
actments and duplication of actions may be avoided and intelligent
behaviours of the system may be generated.

The overall aim of the layered BPM framework is to provide a
principled way for business process modelling that is flexible and
therefore robust against changes in technology through time. It sepa-
rates business requirements from technical issues when making deci-
sions for developing workflow systems. This separation enables the
workflow system to be more robust and agile in response to change
of requirements in the dynamic environment that it operates within.

3 Requirements and Design of FBPML

To provide a business process modelling language that supports to-
day’s ever changing workflow environment and meets diversified re-
quirements is not an easy task. A few design issues have been con-
sidered and acted upon, and are listed below.

� Standard: Modelling concepts that are described in the new BPM
language should meet their specialised requirements but also need

to be consistent with the current process modelling language stan-
dards. This not only keeps FBPML compliant with standard prac-
tices it also aids communication with other BPM languages and
practitioners in the field. In essence, this means concepts that are
included in standardised process modelling languages are main
candidates to be included in FBPML. As a result, FBPML is an
inherited, specialised and combined version of these standardised
modelling languages. The main languages that have influenced the
design of FBPML are IDEF3, PIF, PSL, RAD, CommonKADS
CML and the Business Modelling method of IBM’s BSDM.

� Accessible: The language should be easy to learn and use for both
IT and business personnel. As one of the main business require-
ments for BPMLs is to enable business personnel to do BPM
WITHOUT IT support.[12] To achieve this, FBPML covers fun-
damental process concepts that minimise complexity introduced
by superfluous notations. It also introduces annotation notations
that are informal and not directly understandable by machine.
Such annotation is not formally a part of the model, but may pro-
vide useful explanation to the model, recording of design rationale
or simply a reminder to assist the modelling process.

� Collaborative: An enterprise today is a virtual entity: it consists
of a variety of enablers that are scattered across different geo-
graphical areas. Some enablers are human whereas others are au-
tonomous agents or system components. Each enabler plays a role
in its activities and is equipped with specialised functions, capabil-
ities and authorities. Those enablers are characterised in their ex-
pertise and often behave in different ways that are best suited for
their tasks and environment. However, to achieve organisational
goals, they need to work collaboratively to accomplish their tasks.
Traditionally, BPM methods do not include or explicitly repre-
sent the concept of such enablers, their responsibilities, authori-
ties, how they collaborate with each other and what their relation-
ships are between each other. The roles that enablers play, the rela-
tionships between them and information about them are captured
in FBPML in the concept of Role.

� Precise: As most of the BPM methods are informal methods, they
do not provide formal semantics for their notations. To avoid po-
tential mis-use of the modelling language and mis-interpretation
of built process models, there is a need for precise definition for
notations so that a model may be interpreted correctly and con-
sistently. IDEF3 provides a mature modelling method, graphical
notations and sound conceptualisation about processes, but there
is no formal semantic for its notation. PSL, on the other hand,
does not have a visual presentation or method, but provides for-
mal definitions of its concepts. This presents a natural opportunity
to merge the two to gain benefits from both - this is the approach
taken by FBPML.

� Executable: Semantics that are defined in the BPM language
should include (or at least imply) operational definitions. This
means the use of common process components, such as trig-
ger, pre-conditions and postconditions, bear prescribed execution
mechanisms. In addition, the types of executable activities also
need to be identified and to be included as a part of the model. Pro-
cess modelling methods are inherently rich in their semantics. The
semantic of links between processes, for instance, are regarded
as dependencies between processes, yet they also bear temporal
constraints, and they may also act as triggers for the following
processes. Junctions, such as AND, OR and XOR, may be inter-
preted differently depending on the use in the diagram, e.g. as a
joint or split node. In addition, if both triggers and pre-conditions
are defined in a process, they may bear distinct implications for



execution. Users of BPM need to understand such implications in
order create a correct and appropriate model.

� Formal: Formality is important to connect a business process
model to its execution phase. Ideally, there is a direct mapping
from semantics of a business process model to application logic
(as described in the logic layer and implementation layer in the
previous section). This enables the separation between process
and application logic, yet maintains declarative design of a work-
flow system. This implies modifications made at the logic layer
automatically update processes at the implementation layer. If any
inconsistency occurs, the system will give warning to the user.
The formal approach has several advantages: automatic/intelligent
analysis, verification, validation, and simulation facilities may be
supported at the business layer[5][4]; once a business process
model is satisfactory stable, it may automatically populate a large
part of processes at the implementation layer.

4 A Declarative Executable FBPML - The
Semantics

4.1 Activity, Decomposition and Specialisation

As mentioned in the previous section, FBPML should conform with
standard practice. IDEF3, being a mature activity modelling method
that largely meets our requirements, provides the foundation for
FBPML. IDEF3[17] defines the concept of decomposition and spe-
cialisation of a process that FBPML also encompasses. Similar to
IDEF3, the concept of decomposition in FBPML allows a process
described at a higher level of abstraction to be decomposed into more
detailed sub-processes that are more explicit for its implementation
procedures. Each sub-process may also be decomposed into more
detailed descriptions. The specialisation of a process indicates the
alternative ways of carrying out a process.

Although there may be more than one alternative way of carrying
out a task; unlike decomposition where all of the sub-processes must
be carried out in order to accomplish the task, specialisation requires
only one alternative sub-process to be carried out to accomplish the
task. However, if one alternative activity does not finish the task due
to some circumstances, another alternative activity may collaborate
with the current one to accomplish the task. The detailed mecha-
nism about how different alternative processes may work together in
a coherent way in all eventualities requires a thorough examination
of implementation methods. Since this is implementation dependent
and outside the scope of this paper, it is not discussed here.

4.2 Notation

Figure 3 depicts the notation of FBPML as it is shown using KBST-
EM (Knowledge Based Support Tool for Enterprise Models)[3].
There are three types of nodes: the Main Node, Junction and An-
notation. Four types of Main Nodes are included: Activity, Primitive
Activity, Role and Time Point. Two types of Annotations are included:
the Idea Note and Navigation Note. Two types of links are provided:
the precedence-link and synchronisation-bar. There are four types of
Junctions: and, or, start and finish.

Main Nodes: As mentioned earlier, an activity node denotes the
type of process that may be decomposed or specialised into sub-
processes. In addition, the notion of Primitive Activity (from PSL)
has been introduced to denote a leaf node activity that may not be
further decomposed or specialised. Primitive activity is useful to
FBPML, as it highlights the connecting point between the higher

Figure 3. FBPML Notation

level process description and lower level implementation details that
are described in the logical and implementation layers, respectively.

Although some process modelling methods distinguish terms be-
tween process, activity and task, as one is a higher level description
of another, like IDEF3 and PSL FBPML does not make the distinc-
tion. Since a process may be further decomposed or specialised into
sub-processes that may be again further decomposed or specialised,
a process at one level is an activity to its “parent” process. As a result,
these terms are used interchangeably in this document.

In FBPML, an activity is uniquely identified by its name (or ID)1.
However, since FBPML (as well as IDEF3) permits the same activ-
ity to be repeated in different places in a process model, that nor-
mally exhibits different relationships between itself to other activi-
ties, the same activity may be enacted differently in a model in dif-
ferent places. Furthermore, since an activity may be a decomposition
or a specialisation of its parent activity, this adds extra meanings de-
pending on the type of sub-activity that it describes.

The semantics of an activity to a model is, therefore, defined
together by its location in the model, its usage in the model and the
content defined within itself, i.e. the Trigger(s), Pre-condition(s) and
Action(s). Post-condition(s) is often defined as a part of a process
and recorded in our model as it gives explicit checking points on
successful execution of a process. However, since it is derivable
from pre-conditions and actions of a process, we do not include it in
our formal representation. In FBPML, the location of an activity is
recorded in the field Hierarchical Position (HP). Therefore, the tuple
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defines an activity (type) in a model using FBPML, where each
HP is unique and there may be more than one trigger, pre-condition
and action. To denote the relevance to and uniqueness in a model, an
activity is formally represented as:

activity(Activity name, Hierarchical Position)

where Activity name is the name of the activity and Hierarchi-
cal Position its location in the model. If A is a primitive activity in
the model, the above predicate name, activity, is changed to primi-
tive activity. Since this paper only discusses semantics of notations
but not their semantics in a model, for simplicity, this section as-
sumes all activities are uniquely used in our examples and therefore

/
For pragmatic reasons, an activity ID is created for each activity to provide
a short hand identity for an activity. Each activity name uniquely maps to
an activity ID and vice versa. Logically, we do not represent it, since it does
not add additional semantics.



uses Activity name instead of the above predicates, activity/2, when
referring to an activity.

The predicate attribute(Activity, Attribute name, Attribute value)
holds the specification for an Activity type where Attribute name
stores the corresponding attribute name, such as trigger, precondition
and action, and Attribute value stores the attribute value that may be
a structured term or template with variables using specific grammar.
Variables that are included in the Attribute value will be instantiated
dynamically by (process or object) instances at run time.2

The concept of Role is adapted from RAD where a Role is de-
scribed as involving a set of activities which carry out a set of respon-
sibilities. Such activities are “generally carried out by an individual
or group within the organisation”. Roles are also types and “there
can be a number of different instances of a role type active at any one
time within an organisation”[19]. In FBPML, the definition of Role
is functional and as described above, it defines the “role” that an en-
abler plays in the context of the described activities. Upon process
enactment, a role may be fulfilled by an individual, a group of peo-
ple or software components, or a combination of the above. Similar
to RAD, although different graphical presentation and process con-
cepts are used, FBPML highlights interactions between roles: each
role may have its own internal as well as communication processes.
The communication processes allow explicit definition of interaction
methods and boundary of communication within processes of each
role. Tasks and issues may be delegated, escalated or transfered be-
tween roles as a part of communication processes.

The notation of time point indicates a particular point in time dur-
ing the enactment of a process model. The reference of time point
may be decided by the implementation method of the model. A du-
ration of a time interval is indicated by two time points. A length of
time may not have association with any particular point of time.

Annotations: Two types of annotations are included: Idea Note
records textual information that is relevant to, but outside the scope
of, a process model, e.g. design rationale or a reminder for analysis
for certain parts of a model; Navigation Note records the relation-
ships between diagrams in a model. In general, annotation nodes do
not contribute semantically to a process model, but they help the or-
ganisation and management of the modelling process.

Links: Two types of links are included: Precedence-link and Syn-
chronisation Bar. Precedence-link is comparable to the more con-
strained Precedence Link, type II, in IDEF3. In FBPML, the spec-
ification that Activity A is preceded by Activity B is denoted by
a Precedence-link from Activity A to B as shown in Figure 3. A
Precedence-link places a temporal constraint on process execution
that the execution of Activity B may NOT start before the execution
of Activity A is finished when the two processes are on the same exe-
cution path. Figure 4 illustrates the concept of path and the execution
of processes[1].3

In Figure 4, “Top Process” transforms from state So to Sn. It
is also a parent process that may be decomposed or specialised
into sub-processes. One way to propagate from state So to Sn
then is to activate the appropriate sub-processes and execute them
along the state path
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by activating the

process sequence � (where several process instances may execute
synchronised or not to transfer from one state to another). We
denote an execution of process instances along a state path

�
in the

predicate activation/2:

�
A separate predicate is used to store process instance attributes.�
This Figure is adapted from [15].

Sn...S1 S2

SnTop ProcessSo

So

State Path:        = <So, S1, S2, S3,...  Sn>Π
Execution Path:

φ1 φ2 φ3 φ n

nΦ = {φ1, φ2, φ3,.... φ   }

Figure 4. Execution Path for Processes
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Given the execution path, one can formally specify the temporal

constraint between activity A and B in the formula below:
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A Precedence-Link suggests natural process flow which is if
Activity A is executed, Activity B should also be executed along
the corresponding execution path unless other conditions interact
with it. We use . to represent this nature of weaker inference that is
pronounced as should be or may be. This definition gives a process
model more flexibility and is slightly different from Precedence-Link
Type II in IDEF3 where strong inference is prescribed. This rule is
described formally below:

Axiom 2: Dependency Constraint� �
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A Precedence-Link also indicates that the completion of activity
A invokes Activity B to be activated. We introduce a property Tem-
poral Qualification (TQ) to denote that Activity B is temporally
qualified to be executed. Temporal Qualification, however, does not
guarantee the execution of an activity because it also depends on
the content of trigger and pre-conditions of that activity. We use the
predicate tq(Instance, Process) to indicate this property and end/2 to
indicate that the execution of a process instance is finished.



Axiom 3: Property of Temporal Qualification� ��	,��
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The property of TQ is important as it implies execution logic of a
process model that separates the notation between the execution of
process instances and those that are only temporally qualified to be
executed. We introduce a separate property Full Qualification (FQ)
to define that a process is Fully Qualified, if it is Temporally Qual-
ified and that all of its triggers and pre-conditions are satisfied. A
fully qualified process instance may be executed immediately. Due
to space, we do not describe the formalism here. The properties of
TQ and FQ provide exact semantics for the execution logic that de-
termines the dynamic behaviours of a process model at run time.

The above precise definition of FBPML links signifies how it dif-
fers from most other business process modelling languages. Since
most business process modelling languages focus on the specifica-
tion ability of a process, the actual implementation steps of a process
are left out and are open to interpretation for system developers, e.g.
IDEF3, IDEF0, PSL, Business Process Model in BSDM. Since the
implementation considerations have not been provided by the orig-
inal model, it leaves a question of whether the implemented system
obeys the intended design of the system and/or whether the imple-
mentation has been carried out consistently with respect to the model.
Since such process execution rationale has not been recorded at the
first place, such questions are difficult to evaluate.4

Besides providing precise execution logic and instructions to the
implemented workflow system, the above precise semantics allows
both static as well as dynamic (state) Verification, Validation and
Critiquing (VVC) facilities on the business process model. The static
VVC techniques include error and appropriateness checking and cri-
tiquing based on the examination and comparison of different parts
of the static structure of a business process model without the ac-
tual instantiation of the model. The dynamic VVC involves test runs
of interesting scenarios through the model in an attempt to under-
stand system behaviours at run time. Similar techniques have been
applied and implemented in KBST-BM[2] for IBM’s business model
in BSDM.

As an activity may be decomposed into several sub-processes, the
activation of a top process may be accomplished by activation of its
sub-processes. In this case, the execution of the top process is not
finished unless all of the corresponding sub-processes are finished.
Again, we do not describe the formalism here.

The second type of link is Synchronisation Bar. A Synchroni-
sation Bar places a temporal constraint between two time points.
For example, one may synchronise the starting or finishing of two
processes by synchronising the “begin times” or “end times” of
the two processes. The Synchronisation between two time points is
therefore defined below:� �(' ��
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Junctions: Junctions are special or simplified activities, in that

�
This is a recurrent problem that the authors have to deal with in one of their
commercial business process modelling projects and their research projects.

they do not have triggers and pre-conditions, and their actions have
predetermined decision logic for starting, ending or branching pro-
cess execution. Four types of Junctions are included in FBPML:
start, finish, and, and or junctions.

The “start” and “finish” junctions provide an explicit indication of
the logical starting and finishing points of a process. They may also
isolate a part of a process that can be treated locally as a sub-process.
These two junctions provide a clear indication for the entry and leav-
ing points for the reader and when executing a process. It provides
a natural decomposition for testing a process and a convenient in-
dication for breaking a long complicated process when developing
workflow systems using a divide-and-conquer strategy.

An “and” or “or” junction is a one-to-many relationship that de-
scribes process execution flow and temporal constraint between the
activities that are connecting to it. Figure 5 shows how an “and” or
“or” junction may be used in a process model. As shown in the fig-
ure, there are two types of interpretations of an “and” or “or” junc-
tion: the joint or split type of junction, depending on the topology of
the process model.

Figure 5. FBPML Joint and Split Junctions

An and- or or-joint indicates more than one preceding activity
before the “and” or “or” junction, and only one activity following
the junction. Figure 5(a) and (b) give example graphical representa-
tions of an and- and or-joint where each junction is attached to three
in-coming arrows and only one out-going arrow. A joint type of junc-
tion is sometimes also referred to as a fan-in junction in some pro-
cess modelling languages. Semantically, an and-joint indicates the
process execution flow and the temporal constraint that all of the
preceding activities must be finished before the following activity is
temporally qualified and therefore be executed. An or-joint indicates
only one of the preceding activities is required to be finished before
the following activity becomes temporally qualified and executed.

An and- or or-split indicates that there is only one activity pre-
ceding the junction, but there is more than one activity following the
junction. Figures 5(c) and (d) illustrate example and- and or-splits.
A split junction is sometimes also referred to as a fan-out junction in
some process modelling languages. Semantically, a split junction in-
dicates process flow, temporal as well as dependency constraints. An
and- or or-split indicates that all of the following activities become
temporally qualified when the preceding activity is finished. Further-
more, an and-split also indicates that all of the following activities
must be executed at some point of time after the preceding activity is
finished.

On the other hand, an or-split indicates that at least one of the fol-
lowing activities of the “or” junction will be triggered and executed



when the preceding activity is finished. It is, however, unclear how
many or which of the following activities will be triggered and exe-
cuted, since it depends upon the corresponding dynamic system state
and the trigger and pre-condition statements of the following activ-
ities. For both of the and- and or-split, all of the activities that are
described after the junction may be executed in parallel or sequen-
tially, when appropriate. The precedence-link and the junction do not
specify the exact synchronisation between these activities. Such syn-
chronisation is specified by Synchronisation Bars.

4.3 Combinational Use of Branching Junctions

Figure 6 demonstrates the four common combinational uses of “And”
and “Or” junctions. The four basic cases of combinations are given
in the Figure (a), (b), (c) and (d) accordingly and listed below: And-
And, Or-Or, And-Or, Or-And.

Figure 6. FBPML Junctions Coupled

According to the definitions given for “And” and “Or” junctions in
the previous section, the and-and combination defines that activity B,
C and D must execute at some point of time after but only after ac-
tivity A is finished, and that activity E may not start execution before
B, C and D have finished.

The or-or combination, on the other hand, gives a more loose con-
straint in that, similarly to and-and combination, activity B, C or D
may only start execution after activity A is finished. However, it may
not be the case that all of B, C and D are executed - it depends on the
system dynamics and execution requirements of B, C and D. Never-
theless, since an or-split has been used here, at last one of B, C or D
must be executed. When either activity B, C or D is finished, activity
E may start its execution. The and-and and or-or combinations are
demonstrated in Figures 6(a) and (b), respectively.

Similarly, in Figure 6(c), the and-or junction indicates that activi-
ties B, C and D may start their execution after activity A is finished,
and activity E may start execution as soon as one of activities B, C
or D is finished. What is different compared to Figure 6(b) is that
activities B, C and D must all be executed at some point of time due
to the and-split.

Figure 6(d) indicates that at least one of the activity B, C or D may
be triggered and start execution after activity A is finished. Activity
E may not start its execution unless all of the triggered activities, i.e.
a combinations of B, C and D, are finished. Note that since an or-
split has been used earlier in the process model, it may not be the
case that all activities B, C and D are triggered. Nevertheless, all of
the triggered activities must be finished before activity E may start
its execution.

4.4 Discussion

As it has been described, an “And” or “Or” junction indicates a
temporal constraint between the execution of connected processes.
Furthermore, they also indicate the “execution” constraints that have
been put in the process logic. For instance, an “and-split” indicates
that all of the following activities must be executed when the pre-
ceding activity is finished. However, the model may not specify that
all of the activities must be finished before the “next wave of activi-
ties” are started. One such example is given in Figure 6c, the case of
and-or junction. Activities B, C and D may start execution in parallel
but asynchronously and may finish their execution at different times.
Activity E may start execution, as soon as one of them finishes exe-
cution. This means that activity E and activities following it may be
executing along side the un-finished activity B, C or D. Furthermore,
it is possible that all of the following activities after E are finished be-
fore activity B, C or D are finished. This may lead to an un-desirable
result in the system.

The process model described in Figure 6c, however, is correct and
appropriate when describing a situation where the start and execution
of activity E is not temporally and semantically bound by activity B,
C and D. However, when there is such a constraint at a later stage of
the process that requires the finishing of the corresponding activity B,
C or D, a limitation may be described in the triggers or pre-conditions
of other following activities in the model.

One way to control and avoid “left-over” processes lingering in-
definitely in the system is to define a process that is not finished
until all of its (“left-over”) sub-processes are finished. Under this
definition, the higher level process is not finished unless all of its
sub-processes are finished. This is what has been defined in FBPML.
Another way to control this is to provide a checking, alarming and
repairing mechanism that will be triggered when processes are found
lingering longer than a pre-determined period of time.

4.5 Demonstrating Dynamic Behaviours in Process
Panels

As a part of the AKT project[6], for AKT-TIE5, we have developed
a small PC configuration business process model that accepts cus-
tomer enquires and returns with possible pc-configuration specifica-
tion. A snap shot of the business process model for the role “Edin-
burgh” is given in Figure 7 as it is shown in our support tool KBST-
EM. This model has been successfully translated and displayed in a
workflow stepping system, I-X Process Panel. Upon instantiation, in-
stances of processes appear and are managed in I-X system’s process
panels[24][16].

Figure 7. PC Configuration Business Process Model

�

AKT-TIE is a part of the AKT project collaborating with Peter Gray and
Kit Hui, Computer Science Department, Aberdeen University, UK.



Figure 8. View of I-X System Process Panel

Figure 8 demonstrates how the instantiation of each process
presents an entry in the I-X process panel. Each entry consists of
two components: the name of the process and variables the process
takes. The parent process of processes given in Figure 7, “Perform
Top Level Process for PC Configuration”, is shown at the top row
and in bold face which is decomposed into sub-processes as those
described in Figure 7.

In I-X, for each process instance, several actions may be per-
formed upon them and the execution status of each instance is re-
flected by different colours. In I-X, all process instances may be ex-
ecuted (done), cancelled (Not Applicable), waiting to be processed
(No Action (yet)), or decomposed into sub-processes (Expansion).
Communication processes in our model may also dispatch tasks to
other appropriate “roles” as defined in their processes. Branching of
processes is controlled by the availability of actions that may be per-
formed on the instances. For instance, in Figure 7 all processes on
the second column of the model that are after the or-split may be exe-
cuted in parallel, but this operation is only available after the “Obtain
Requirements for PC configuration” process completed its execution.

It has become apparent that it is not an easy task to provide a
declarative BPML that provides direct support for building and exe-
cuting workflow systems and that more issues are to be investigated
and resolved. Typical action types should be provided by the lan-
guages so that any models built using the language benefit directly
from it, while at the same time one needs to allow flexibility and ease
for addition or modification on existing action types. To safeguard
against inconsistencies at the modelling language level is to provide
some form of (automatic) inconsistency checking on static models
and dynamic environments. Upon executing a process model, it is
also vital that static processes are provided but the workflow system
must be able to allow the users to dynamically modify or add new
processes. Again, this will have to be done within a predetermined
safety level.

5 Conclusion

Enterprise Models need to bridge the gap to software system devel-
opment and execution, but additional mechanisms are needed so that
information that is held within them may be transferred and mapped
onto software execution. To bridge this gap, however, is not a minor
task. Diverse and often conflicting requirements are need to be ad-
dressed. In addition, formality needs to be introduced to the informal
or semi-formal enterprise modelling paradigm to provide precision
and enable automatic support. When domain knowledge is used as a
part of software system development and execution, it is also needed

to ensure that it has been checked for consistency and appropriate-
ness during the phase of enterprise modelling. This paper proposed
a declarative modelling approach in an attempt to bridge the gap be-
tween business process modelling methods to (workflow) software
systems.

Based on this approach, an initially static, high level business pro-
cess specification may be represented formally and automatically.
Based on the formalism, automatic verification, validation and cri-
tiquing may therefore be provided as a part of normal modelling ac-
tivities. Furthermore, the modelling notation bears exact execution
instructions that may be mapped to software modules that are com-
ponents of a workflow system. This gives the prospect of rapid pro-
totyping and testing of a workflow system that is based on the model.
This benefit will not be possible without providing execution seman-
tics in a model.

It will be advantageous that more similar work as reported in
this paper is carried out for all Enterprise Models to narrow the
gap which currently exists at various places between EM methods
and software system development. When this is done, the set of
Enterprise Models together may provide a holistic and clearer
view as well as more direct instructions, particularly from the
business, organisational, knowledge, information and process points
of view, to assist the process of software system development for the
organisation.
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Abstract. Nowadays, the importance of Knowledge Management 
is growing in organizational contexts. Corporate Memory is an 
appropriate tool to represent organizational knowledge. This work 
presents an ontology-based approach to Corporate Memory 
modeling. In it, the members of an organization act as ‘knowledge 
builders’ and they construct the Corporate Memory co-
operatively. Furthermore, the employees who take part of the 
Corporate Memory construction process are allowed to use their 
own terminology, even for requesting information about the 
Corporate Memory until a specific instant. 
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1 INTRODUCTION 
Nowadays, Knowledge Management (KM) is one of the key 
factors in organizations since the current trend is to evolve from 
employees to ‘knowledge workers’ ([6]; [21]). The fact is that 
organizations are realizing that knowledge increases the value of 
their products and services in addition to providing a competitive 
advantage. According to [29], the objectives of KM in an 
organization are to promote knowledge growth, knowledge 
communication and knowledge preservation in the organization. 
There are various types of significant knowledge for an 
organization. Thus, we should mention the identification of critical 
knowledge functions and the knowledge of who knows what in the 
organization as the most important factors. This knowledge must 
be kept in some way in the organization and that is why the 
concept of Corporate Memory (CM) arises.   

The know-how knowledge is usually distributed inside an 
organization, so in order to facilitate its access and reuse it must be 
integrated coherently, that is, expressed as a CM. This has been 
considered as a key element for performing Knowledge 
Management because it facilitates knowledge conservation, 
distribution, and reuse.  In recent literature we can find many 
definitions for CM. The authors in [31] defines a CM as an 
“explicit, disembodied, persistent representation of knowledge and 
information in an organization” while [23] does it as “the collective 
data and knowledge resources of a company, including project 
experiences, problem solving expertise, etc”. 
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In [2] a CM is understood as “a container that integrates 
contextual information, documents and unstructured information, 
facilitating its use, sharing and reuse”. Its main function would be 
to improve the organizations’ competitiveness through the way 
their own knowledge is managed. Some authors consider the CM 
as a link mechanism between past and future knowledge in relation 
to the processes and activities that take place inside organizations. 
In particular [30] defines CM as “the means through which all the 
operative knowledge accumulated in the past is put in the present 
to be used in the activities performed in the organization”. 

In [8], the authors came up to the concept of Corporate Memory 
through the concept of activity in an enterprise. For these authors, a 
CM is comprised of a set of activities and an activity is defined as 
in [18]: “what people do, hour after hour, day after day: finally, 
employees achieve all these works because they know they can do 
them, they think they have to do them, all of this doings involving 
specific know-how as simple as they could be”. 

Regarding the activitities involved in KM as a process, 
according to [11] the following ones can be enumerated: i) 
identification and mapping of intellectual goods belonging to the 
organization, ii) generation of knew knowledge that will permit 
gaining a competitive advantage, iii) compilation of amounts of 
organizational information in an accessible way, and, iv) sharing 
best of practice and technology, including groupware techniques 
and the intranets. 

In [26], the CM management is described as comprised of six 
processes: detection of needs, building, distribution, use, evaluation 
and evolution of the CM. Our work addresses four of these steps: 
knowledge construction, knowledge distribution, use of the 
knowledge and maintenance of the knowledge. Our approach to the 
problem has been carried out through a distributed perspective, that 
is, we have defined a system to manage Distributed Corporate 
Memories which facilitates knowledge sharing and collaboration 
between groups of people which can be at different geographic 
locations.   

The technology used to represent the knowledge in our work has 
been the ontology, element that has been considered to be 
necessary to perform an appropriate Knowledge Management 
([4];[25]). An ontology is commonly viewed as a specification of a 
domain knowledge conceptualization [32]. We can find domain 
ontologies (for example, a virus ontology in medicine) and 
enterprise ontologies (description of an enterprise model). Both of 
them can and must be included in a corporate memory. In our 
approach, each group of people generates an ontology concerning 
the previously mentioned significant (for the organization) 
knowledge of the group. This ontology represents a part of the 
organization, which must be shared with the rest of groups that 
belong to the same organization or to other collaborating 
organizations. To allow this knowledge sharing, we must proceed 



 
 

to integrate the knowledge from each ontology (one for each 
group). The cooperative building of knowledge pieces is an 
emergent topic and there are also different projects working on it 
such as KA2 [3], Chimaera [20] or PROMPT [16]. 

The structure of this article is the following. Section 2 introduces 
some ground concepts of our approach, as well as how the system 
faces the steps of Corporate Memory and Knowledge Management. 
In Section 3, we explain the ontological model followed to 
represent the knowledge of each group of the organization. Section 
4 describes the main characteristics of the system implemented. 
Section 5 presents a practical example of an application domain 
through which the system has been validated. Finally, we make 
some final conclusions in Section 6. 

2 KNOWLEDGE MANAGEMENT AND 
CORPORATE MEMORIES 
The main processes in KM can be described as in [11]: “identifying 
and mapping intellectual assets within the organization, generating 
new knowledge for competitive advantage within the organization, 
making vast amounts of corporate information accessible, sharing 
of best practices, and technology that enables all the above, 
including Groupware and intranets”. Therefore, it cannot be seen as 
a product but as a process which has to be implemented over a 
period of time. As it is pointed out in [4], this process has “as much 
to do with human relationships as it does with business practice 
and information technology”.  

Distributed Knowledge Management Systems (DKMSs) are 
increasing their significance rapidly due to the growing importance 
of knowledge distribution. An example of a DKMS is a Corporate 
Memory (CM). A CM integrates contextual information, 
documents and unstructured information, facilitating its access, 
sharing and reuse. Its main function is to enhance the 
organization’s competitiveness by the way it manages its 
knowledge [1]. 

In this work, we assume that an organization is divided into 
different groups. Each group is comprised of people and a group 
can be characterized by its number of members. Groups can have 
one or more members, so that those can be described as non empty 
sets of persons.  From a functional point of view, a group can be a 
department of the organization or a group of people in charge of 

some specific tasks or responsibilities in the organization because 
not all the organizations or enterprises are organized in the same 
manner. Therefore, our notion of group was conceived to be 
flexible enough to be applied to a variety of types of organization 
structure.  

The concept of ‘group’ is not new in the context of Corporate 
Memories. It has already appeared in literature, for instance in [14], 
"a CM is a repository of knowledge and know-how of a set of 
individuals working in a particular firm”. Our concept of CM is not 
restricted to a unique organization but it is also applicable to a co-
operative enterprise. For us, a co-operative enterprise can be seen 
as a collection of groups of people belonging to one or more 
organizations, so that those groups can and must work co-
operatively. 

Figure 1 shows our concept of co-operative organization as well 
as the division of the organization in the terms that this work has 
been focused on. In this particular case, there are two organizations 
divided into groups. Each organization is comprised of two groups 
and each one has a manager. Organization 1 and Organization 2 
have made an agreement for collaborating in doing some project. 
Therefore, the co-operative organization is comprised of four 
working groups and the corporate memory for this organization 
must cover the knowledge generated by the four groups. The 
manager has only local significance and there must be a decision 
about who is going to be the manager of the organization. The 
graphic on the right side of Figure 1 represents the internal 
structure of a group in the organization. A group is defined as a set 
of employees and an administrator who manages the group. 

2.1 Corporate Memory Management 
As we pointed out before in this paper, the management of a 
Corporate Memory is comprised of six main steps: detection of 
needs in the organization, construction of the CM, diffusion of the 
CM, use of the CM, and evaluation and evolution of the CM [10]. 
The first step is out of the scope of this work since it requires an 
exhaustive analysis of the organization in order to establish its 
needs and our approach tries to be generic and organization 
independent. The rest of steps have been dealt with in our work. In 
the following sub-sections, we present how our system performs 
the mentioned steps. 

 

Figure 1. A co-operative organization 



  

2.1.1 Construction 
The Corporate Memory is built from the knowledge that exists in 
the organization. According to [6], knowledge has a double nature: 
explicit and tacit. Explicit knowledge is the knowledge that can be 
explained verbally or written down easily. On the other hand, tacit 
knowledge is the knowledge that cannot be made explicit due to 
different reasons, such as the impossibility of making certain 
knowledge available for others, (i.e., the incapacity of externalizing 
it in order to make it explicit).  

We can find four different patterns for the creation of knowledge 
in an organization [24]: 
• Socialization: Sharing tacit knowledge between individuals. 

The knowledge remains tacit without being transformed into 
explicit. This kind of pattern is not very interesting for the 
organization because of its tacit nature. (Tacit  Tacit) 

• Articulation: Someone transforms tacit knowledge into 
explicit knowledge. (Tacit  Explicit) 

• Synthesis: Combination of explicit knowledge to create new 
explicit knowledge. (Explicit  Explicit) 

• Internalization: Process of transforming explicit knowledge 
into tacit knowledge. (Explicit  Tacit). 

In our approach, we are only interested in knowledge expressed 
in an explicit manner, because it is the unique type of knowledge 
that can be directly (i.e., without processing) shareable, accessible 
for and reusable by people within the same group or organization. 
The knowledge is created by the employees of the organization, 
who are members of one or more groups of the (co-operative) 
organization. All the knowledge is made explicit by some 
specialized applications integrated in our system, so becoming 
shareable and reusable in an easier way. Our choice for internally 
representing knowledge has been the ontology as we stated above 
and the ontological model followed to develop this system is 
described further in this paper. In summary, the knowledge is 
created by employees and put into the CM by the system through 
ontologies because of the good properties of ontologies for 
facilitating CM Management. These allow for knowledge sharing 
and reuse, in addition to the ontology characteristic of permitting a 
formal representation of knowledge. This ontology feature is 
another key factor when deciding which representation technology 
is the most appropriate for knowledge modeling. 

To end with the creation of knowledge, we should mention the 
facilities to express knowledge offered by the system. The basic 
knowledge element is the concept, which can be a logical or 
physical entity in the organization. Examples of organization-
relevant concepts are department, employee, process, etc. These 
concepts have attributes (i.e., properties) that make them different 
from other concepts, that is, a concept is partly characterized by its 
attributes, although it is also characterized by its relationships with 
other concepts of the corporate memory. In this work, two types of 
attributes are considered: 
• Specific attributes: These are the attributes a concept has by 

its nature. 
• Inherited attributes: These attributes are derived from 

relationships with other concepts. 
Concerning the relationships a concept may have, we 

contemplate three types of inter-concept relationships: 
• CLASS-OF: It means that a concept ‘is a class of’ another 

concept. For instance, an employee ‘is a class of’ person. This 
kind of relationship is useful to establish the hierarchies at 
different levels in the organization and it implies attribute 

inheritance. A concept is a classification of another concept 
attending to one or more attributes of the parent concept. This 
non-empty set of attributes of the parent concept by which the 
classification is made is called the ‘specialization’ that every 
CLASS-OF relationship induces.  

• PART-OF: It means that a concept ‘is a part of’ another 
concept’. For instance, an employee ‘is a part of’ a 
department. Partonomies are useful to express structural 
divisions in the organization or in elements of the organization 
(departments, processes, etc). 

• AFTER: It means that a concept ‘occurs after’ another 
concept. For instance, the process of evolution of knowledge 
‘occurs after’ the process of evaluation of the knowledge. This 
kind of relationship is important in an organization to 
establish temporal links between processes. For example, if 
we are modeling the resolution process of a failure, there can 
be different tasks to perform in order to fix it. This process 
will involve a task execution order that may be established by 
using this kind of relationship. 

These three types of relations are included in the set of most 
common relations in real domains [17]. In particular, we consider 
the temporal relation useful in organizational contexts in order to 
deal with workflow representation and management (i.e., the 
temporal dimension underlying organizational processes can be 
specified through this type of relation). 

2.1.2 Distribution 
This aspect concerns the distribution of knowledge to the staff of 
the organization. In particular, the purpose is to know who is 
allowed to know what in the organization. If the distribution is 
made automatically this will occur as soon as new knowledge is 
available or after a request for knowledge actualization is made. 
However, the distribution process has two groups of elements that 
take part in it. The first group is comprised of the groups (or 
employees) who have new knowledge to introduce in the corporate 
memory, that is, people who can communicate some organization-
relevant knowledge in some way to the rest of the organization. 
The system must capture this knowledge first in order to make it 
available for the rest of the community (the co-operative 
organization in this case). The second group is formed by the rest 
of the mentioned community, namely, people who must be 
interested in having access to the new knowledge available in the 
organization. Therefore, knowledge distribution can be regarded 
from two perspectives: knowledge collection versus new 
knowledge access. 

Knowledge collection is a more critical factor for us, so it must 
be performed on a ‘as soon as possible’ basis, that is, when the 
system detects or assumes the existence of new knowledge, it must 
be retrieved. Thus, when employees are generating knowledge for 
the organization and other employees want to check for the 
existing knowledge, the system must retrieve the new knowledge 
in order to provide the best possible knowledge to the employees 
who request for that knowledge. The discussion about knowledge 
collection can be moved to a different domain, namely, knowledge 
distribution, which is concerning with how and when employees 
have access to the knowledge. An employee will be able to receive 
the new knowledge included in the corporate memory of the 
organization by requesting for it. Therefore, this process can be 
seen as a passive knowledge distribution. The knowledge created 
by the employees of the organization is stored in a knowledge 



  

server and the system provides a web-based access to the corporate 
memory via Internet/Intranet. 

2.1.3 Use 
A corporate memory management system must provide a simple 
and comfortable use for the employees of the organization. In other 
words, the exploitation process of the system must be conceived to 
be friendly with the system users (i.e., the employees of a (co-
operative) organization). This implies to provide a well-
documented system and friendly, intuitive user interfaces without 
forgetting that we are providing a web-based access to the 
knowledge. Another aim of our work was to display the 
information graphically. The exploitation of our system is briefly 
explained in Section 4, and the system's modus operandi is 
illustrated through a practical example (Section 5). 

According to those requirements, the system has been designed 
to have flexible knowledge visualization, allowing the users to see 
what they want at each instant. To be more precise, the following 
visualization options are facilitated by the system: 
• Complete corporate memory: This option shows the hierarchy 

defined by the corporate memory at a specific instant. 
• Concept exploration: This option allows the user to visualize a 

specific concept, in terms of attributes and relationships with 
other concepts belonging to the corporate memory. 

• Expanding taxonomic hierarchies: This option visualizes the 
existing taxonomies with respect to a specific set of attributes 
of a concept. 

2.1.4 Maintenance 
We can bring the processes of evaluation and evolution of the 
corporate memory together into the process of maintenance of the 
CM, although we can discuss about them independently. The 
evaluation of the CM means to estimate the usefulness of the CM 
for the organization from different points of view. The objective of 
this process is to assess the improvements originated by the 
introduction of the CM in the organization. The evaluation of the 
CM is out of the scope of this work because this process is 
organization-dependent. However, we think that the exchange of 
know-how within the organization will be always a benefit for it. 
 Concerning the evolution of the corporate memory, [11] stated 
that it depends on the results of the evaluation process. This is 
obvious because if the organization estimates that the corporate 
memory is useless for its purpose, there will be no need for 
maintaining the CM working. Maintaining a CM implies to add 
new knowledge when it is generated, to remove obsolete 
knowledge from the CM and to solve coherence and consistency 
problems which are intrinsic problems of co-operative work.  The 
removal of obsolete knowledge can be made by the system 
manager, who can and must decide when some knowledge has 
become obsolete. Another possibility is that the obsolete 
knowledge is replaced by new knowledge belonging to the same 
user or group. 

The addition of new knowledge to the system has been explained 
in the sub-section about knowledge creation, but we do not have 
explained what happens when the new knowledge is inconsistent 

with other existing knowledge in the corporate memory. The 
system we present here has a user-oriented philosophy for 
managing the knowledge a specific user is going to receive. That 
is, our knowledge integration approach makes it available to the 
user the integration of the knowledge kept in the system that is 
consistent with his/her own knowledge. 

3 THE ONTOLOGICAL BASIS OF THE 
SYSTEM 
In this section, the technology used in this work to make it possible 
the Corporate Memory Management is described. An ontology is 
seen as a specification of a domain knowledge conceptualization. 
Ontologies are represented here by means of multiple hierarchical 
restricted domains (MHRD) in a similar sense of that employed by 
other authors (see, for instance, [13]). The notion of Partial, 
Hierarchical, Multiple and Restricted Domain (PHMRD) [19] has 
been utilized for this work. A PHMRD can be specified as a set of 
concepts which are defined through a set of attributes. In 
PMHRD’s, we contemplate three types of permitted relationships 
among whatever two concepts: taxonomic (allowing for multiple 
inheritance), mereological and temporal ones. Taxonomic 
relationships are assumed to hold all the irreflexive, the 
antisymmetric and the transitive properties, while mereological 
relationships are assumed to hold all of them except for the 
transitive one [5].  

Regarding temporal concept relationships, these hold the same 
properties as taxonomic relationships. In order to implement this 
type of relationships, the FTCN model, as employed in [7], has 
been used. This model has been introduced to formalize the 
computational representation of general situations in which an 
arbitrary number of events are specified.  A FTCN is a couple 
<X,L>, where X= {X0, X1, ..., Xn}  is a finite set of variables and 
L= {Lij | i, j ≤ n} represents a finite set  of binary fuzzy constraints. 
The variable X0 represents a precise origin, in our case, when the 
time is supposed to start (i.e. when the first process of the temporal 
chain starts). Therefore, each constraint L0i defines the absolute 
value of Xi. By translating this into the organization domain, if Xi 
stands for the occurrence of a specific process, L0i will define the 
fuzzy time at which the process starts. 

In this work, we have made use of possibility distributions for 
the FCTN model. In particular, the trapezoidal one has been 
employed, because of its good properties for our goal. We can 
characterize a trapezoidal distribution by four parameters: πj = (α, 
β, γ, δ): 
• Base of the distribution: Set of values t ∈ τ such that πj (t) > 0. 

It gives all the possible values. 
• Kernel of the distribution: Set of values  t ∈ τ such that πj (t) = 

1.  It gives the completely possible values. 
 The left hand side of Figure 2 shows a generic trapezoidal 
distribution, while the right part of it shows the fuzzy number 
associated to an event whose occurrence time is “approximately at 
8:00”. Arithmetic operations on this distribution are reduced to 
apply them to the base and kernel, as follows: 

 

 
 

}),{},,{},,{},,{(),,,(),,,(sec.2
),,,(),,,(),,,(:.1

2121212122221111

2121212122221111

δδγγββααδγβαδγβα
δδγγββααδγβαδγβα

minminmaxmaxtionInter
Addition

=∩
++++=⊕



  

 
Once we have introduced the complete network, the next task it 

to minimize it in order to find the minimal network that meets the 
original constraints. This will help us to calculate the estimated 
occurrence time of each process, which will be its absolute value 
from X0, L0i, as we stated previously. The algorithm that we have 
used detects inconsistency in the network and produces a minimal 
network as well. The body of such an algorithm is the following: 

begin 
   for k := 0 to n do 
      for  i := 0 to n do 
         for j:= 0 to n do 
            Lij:=Lij∩(Lik⊕Lkj); 
            if Lij = π∅ then exit “inconsistency” 
end 

 
 
We assume that the system is supplied with ontologies without 
inconsistencies in order to avoid the evaluation of them once they 
have been built. For it, and given that each ontology can be built in 
a particular way, users in charge of dealing directly with the 
(ontological) internal knowledge representation in our approach 
(i.e., employees of the KM department) must introduce their own 
ontologies by using a specific format for the ontology file. In this 
work, we refer to users as people belonging to the organization that 
are using the KM system presented here. The specification of this 
pseudo-language can be resumed as follows. It is comprised of the 
concepts which are part of the ontology. Each concept is defined 
through its attributes, its name and its parent concepts, either 
mereological, taxonomic or temporal ones. The successfully 
parsing of the ontologies defined according to this model is granted 
to be consistent.  

3.1 The Integration Process 
The author in [22] states that the reuse of ontologies has 

important advantages in Knowledge-based Systems research. We 
agree with that statement because it is easier to generate knowledge 
from different source ontologies (belonging to the groups) than 
generating it from scratch (i.e., starting from having no information 
at all). As we mentioned previously in this article, the aim of this 
work was the design and implementation of a tool for building 
distributed corporate memories from the knowledge supplied by a 
set of groups of people. Thus, the starting point for this process is a 
set of “individual” ontologies that have been built by employees or 
by groups. Thus, through the integration process the different 
existing ontologies are transformed into a global ontology which 
unifies the knowledge of each (different) viewpoint. Some 
considerations about such “individual” ontologies should be made. 
Such ontologies possess a private nature, that is, no one except for 
the owner has access to them, as well as the capability for 
modifying the knowledge included in those ontologies. Therefore, 
employees/groups have not direct access to other 
employees’/groups’ knowledge, although they can benefit from the 
knowledge possessed by other employees/groups by means of the 
integration process. A user can only see his/her private ontology 
and the global one. Moreover, integration is performed 
transparently to knowledge suppliers, because they do not know 
when integration processes are requested and performed.  

Due to the cooperative nature of the integration process, different 
problems must be solved, namely, redundancy, synonymy, and 
inconsistency:  
 
a) Redundant Information. Two different ontologies might 

attempt to describe the same part of the domain knowledge. 
Given this eventuality, it would be desirable that the system 
was capable of managing this possible situation so that 
redundancies could be avoided.  

b) Use of synonym terms for a concept. Apart from dealing with 
redundant information, different ontologies can employ 
different terminologies for the same concept. In other words, 
there can be a correspondence between different terms 
employed for a given concept [28]. During the ontology 
construction process, the information concerning the use of 
synonym terms for a concept must be stored and managed, 
since a particular terminology should not be imposed to any 
expert during the Knowledge Acquisition process. However, 
an ontology would strive towards 'consensual knowledge', that 
is, a fixed terminology. Synonyms are possible but, ideally, 
everybody should agree on the terminology. Inconsistent 
knowledge. This aspect has a double nature.  

c) An ontology can be internally or externally inconsistent.  We 
say that an ontology is internally inconsistent when there are 
some parts of it that are inconsistent with other parts of itself. 
For instance, an ontology  is internally inconsistent if  any 
property concerning relationships between concepts is not 
satisfied (i.e., if a concept 'A' is a taxonomic parent of another 
concept 'B' and 'B' is a taxonomic parent of 'A'   then the 
ontology is internally inconsistent. An ontology can be 
externally inconsistent with respect to another ontology, that 
is, both descriptions of the same domain are incompatible. In 
particular, inconsistencies between (a part of) the knowledge 
corresponding to a group’s ontology at a given instant (we 
refer to this ontology from now on as Oi(t)) and the 
knowledge of the ontology obtained by the integration process 
until that instant (we refer to this ontology from now on as 
Oint(t)) could appear. In this case, the knowledge from Oi(t) 
would be assumed as the valid one, because we have 
considered the fact that Oint(t) might have been checked by the 
owner group during the construction of their  own ontology.  

Figure 2.  An example of trapezoidal distribution 



  

In order to achieve this goal, the system must be able to solve 
some possible consistency conflicts between the candidate 
ontologies to be integrated until a specific instant. In particular, 
each time that a group adds or modifies knowledge to its private 
ontology, such knowledge will have to be incorporated into Oint(t). 
It is also remarkable that more than one group might decide to send 
its knowledge contribution to Oint(t) at the same time. This made it 
necessary that the system was able to distinguish amongst pieces of 
knowledge belonging to different groups. In this sense, a group-
oriented integration principle has been followed, which basically 
states that ‘the knowledge in Oint(t) at a specific instant will have to 
be consistent with that included in every private group ontology 
(Oi(t)) for every previous instant’. 

In order to integrate the knowledge specified in groups’ 
ontologies (i.e., the ontologies that belong to groups who are 
members of the same co-operative organization), the following 
algorithms have been followed [15]. 

3.1.1 Ontological_Integration 
Let Oi(t) be the i-th ontology that is intended to be incorporated 
into Oint(t); n = number of ontologies to integrate. Let candidates(t) 
be the set of ontologies to integrate. 
 
For i=1 to n  
    If (there is any ontology Oj(t) belonging to candidates(t) such 
that Oi(t) and Oj(t) belong to the same user) then (remove from 
candidates(t) the oldest ontology) 
   End-if 
End-for 
subset= Select_Ontologies(candidates(t)) 
i=1 
While i ≤ Card(subset)  do 
 Ontological_Inclusion(Oi(t),Oint(t)) (this algorithm is defined 
below). 
End-while  
Ontological_Transformation(Oint(t)) 
End 

3.1.2 Ontological_Inclusion 
Let Oj(t) be the j-th ontology that is intended to be incorporated 
into Oint(t); topic is the topic which the final user requests 
information about; Oi(t) is the ontology whose root is topic-
according to-group i in Oint(t). 
 
Add Oj(t) to Oint(t) as a mereological child concept, so that its root 
is topic-according to-user j  
End 

3.1.3 Select_Ontologies 
Let candidates(t) be the set of candidate ontologies to be integrated. 
Let compatiblei(t) be the set of ontologies Oj(t) belonging to 
candidates(t) that are compatible with Oi(t). 
 
For i=1 to Card(candidates(t)) 
  For i=j to Card(candidates(t)) 
     compatiblei(t)=compatiblei(t) ∪ Oj (t) if compatible(Oi(t), Oj(t)) 
  End-For 
End-For 
Return the best subset according to the desired criterion (i.e., the 
subset with higher number of ontologies) 
End 
where 

equivalent(x,y) is true if and only if for each concept belonging to 
x, there is another from y such that both of them have the same 
attributes and  parent/children concepts and they are not temporally 
inconsistent concepts. 
inconsistent(x,y) is true if and only if there are at least 2 concepts, 
one belonging to Oi(t)  and the other to Oint(t), such that one of the 
following conditions holds: 
a) They both have the same name, the concepts do not have any 

attribute in common and their respective parent/children 
concepts (if there were any) have the same attributes. 

b) They both have the same attributes, there is no other concept, 
which is parent of one of them, with the same attributes than 
the attributes of any parent of the other concept. The same 
property holds for the children.  

c) They are temporally inconsistent concepts. 
compatible(x,y) is true if and only  if  (not(inconsistent(x,y) or 
equivalent(x,y))); 
temporally inconsistent concepts(c(t),c’(t)) is true if there is a 
concept c’’(t) which belongs to the same ontology as c(t), whose 
name is the same as the name of c’(t) and there is a concept c’’’(t) 
which belongs to the same ontology as c’(t), whose name is the 
same as the name of c(t) such that one of the following conditions 
holds: 
a) c(t) is a temporal parent concept of c’’(t) and c’’’(t) is a 

temporal parent concept of c’(t). 
b) c(t) is a temporal child concept of c’’(t) and c’’’(t) is a 

temporal child concept of c’(t) 

3.1.4 Ontological_Transformation 
Let Oint(t) be the integration-derived ontology and let Oi(t) be each 
mereological child of Oint(t) and n= number of mereological 
children of Oint(t). 
 
For i=1 to n  
       For each concept c(t) belonging to Oi(t) do 
          If there is any concept c'(t) belonging to Oint(t) such that  

equivalent_concepts(c(t),c'(t)) or (c(t) and c'(t) have the 
same name)  
         then merge_attributes_and_relationships(c(t), c'(t)) 
        else link c(t) with its parents in Oint(t) 
       End-for 
End-for  
where equivalent_concepts(x,y) is true if and only both 
concepts have the same attributes and  parent/children 
concepts and they are not temporally inconsistent concepts. 

4 GENERAL DESCRIPTION OF THE SYSTEM  
The aim of the designed and implemented application was to 
develop a system and framework for managing a corporate 
memory that allowed an organization to take advantage of 
the knowledge supplied by the (internal or collaborating) 
groups belonging to the organization. The starting point of 
the system is a set of organization groups working in an 
intranet/internet and generating knowledge co-operatively 
but independently one group from another.  In other words, 
this co-operation is totally transparent for each group because they 
do not know whether their knowledge is shared with other groups’ 
one. A group is never allowed to see the knowledge created by 
another group directly nor modify other groups’ work, but each 
group receives the global benefits from all the groups’ (knowledge) 
contributions represented by ontologies. The system differentiates 
among two types of users, namely: 



  

• Group: This is an organization working division unit, that is, a 
collective of people who generates knowledge for the system 
in such a way that other groups are able to look it up. Any 
group combine its own contribution with that of other groups 
of the same (co-operative) organization. 

• Manager: This is the figure in charge of keeping the system 
working correctly. Another responsibility left to the manager 
is the management of groups as well as the knowledge to be 
maintained in the system. 

A similar approach could be used for groups management. We 
could see each group as an organization, and we could split each 
group into two or more different types of users. We propose the 
following types of users in a specific group: 
• Employee: This is a system worker, that is, a person who 

generates knowledge for the group(s) (s)he belongs to in such 
a way that other employees are able to look it up. Any 
employee may combine his/her own contribution with that of 
other employees from his/her same groups. 

• Administrator: This is the figure in charge of managing the 
employees and the knowledge concerning a specific group.  

4.1 Architecture and Implementation of the System 
The solution we have adopted is to use a client/server architecture, 
where a group corresponds to a client and the corporate memory is 
kept in the server. Therefore, the software developed has two 
different parts, one for the client and another for the server. 
Knowledge integration is produced when an employee or group 
applies for it. It may happen that at that specific moment there exist 
some employees working on the generation of new knowledge they 
consider interesting for the organization such as new best practices 
or new versions of previous existing knowledge, so the knowledge 
of the corporate memory could have become obsolete. This 
represented a design problem we had to face, because there were 
two possibilities to choose: integrating the known system’s 
knowledge until the moment the request is made, or actualizing the 
system’s knowledge. We have decided to adopt in our prototype 
the second one because one of our goals was to maximize the 
quality of the information our users receive from the system.  

However, this solution implies to keep track of the active users. 
Each time that an employee wants to have a look at the state of the 
corporate memory, the system checks a user register in order to 
know if its knowledge needs to be actualized. In case there is any 
possible new knowledge, it must be retrieved to increase the 
quality of the corporate memory. We needed to add new elements 
to our first architecture, so becoming more complex. Finally, the 
process of knowledge integration is briefly described as follows: 
Checking whether the knowledge in the corporate memory is up to 
date. If it is not, actualize it. Finally, supply the employee with the 
requested knowledge. 

An employee can actualize the corporate memory, either because 
(s)he wishes to do it (by using the “Actualize corporate memory” 
option) or by an automatic actualization operation due to another 
employee’s request. Once the knowledge has been integrated, the 
following step is to personalize the information. At this stage, the 
user has the chance for redefining the terminology that is assigned 
to the concepts belonging to the derived ontology. Then, the user 
will have better information about the topic than the one (s)he 
previously had when the request was made. Therefore, (s)he will 
be able to decide the terminology more accurately. Users are 
offered the possibility of changing the name that has been given to 
a concept by the process. The new name could be the one assigned 
by another user, who must have taken part in the integration 

process, or a different one that the user thinks to be more 
appropriate.  

Attending to the properties and requisites that we have 
established in previous sections, a tool has been implemented in 
JAVA. Besides the client/server application, there is a web version 
that allows users to see the state of the corporate memory at a given 
instant. 

5 A PRACTICAL EXAMPLE 
The example we present in this section is based on an ontology 
built by last (fifth) year students at our university. The purpose was 
to build a co-operative enterprise and design a corporate memory 
model for it. We are not going to display the whole ontology but 
we are going to constraint our presentation to a general overview of 
the model, going (at first levels), in depth in the technical support 
area of the enterprise. The domain subject to study in this work was 
the film projectors industry. For it, several interviews with some 
domain experts were carried out before coming up with the model 
whose first levels are shown in Figure 3. This model has been got 
after integrating the (partial) models through the system we present 
in this paper.  The complete model will be accessible at our group 
web page in the next months. 

Figure 4 shows the part of the company that we have centered 
our efforts on, namely, the technical support department. We can 
see the knowledge schema about this department is divided into 
four parts: technical staff; the strategy of the department to face 
their working situations such as behavioral rules, working 
guidelines, etc; knowledge about the type of failures a projector 
can suffer from (diagnosis, treatments and best practices which 
help the technical staff to perform their job in a more efficient 
way); and suggestions about the company or the department. 
In Figure 4, we can see the three different relationships between 
concepts: the knowledge about technical staff ‘is a part of’ the 
knowledge about the technical support department; the knowledge 
about adjustments ‘is a class of’ the knowledge about treatments of 
failures; the replacement of a bulb ‘occurs after’ a failure in the 
bulb has been diagnosed. The delay between the detection of the 
failure and the replacement of the bulb is represented as a fuzzy 
number, according to the temporal ontology representation 
described in Section 3. For example, the bulb is replaced between 5 
and 10 minutes after the bulb failure has been diagnosed. 

Finally, Figure 5 represents a screen snapshot of the system  
implemented. It is the part of the ontology that concerns the 
knowledge about the diagnosis process. We present here four 
possible families of reasons for project failure: sound, film, picture 
and bulb. We repeat that this  model is not complete but only a 
brief introduction to what is feasible to do following our approach. 
 We can see the steps of corporate memory management in this 
example.  We stated earlier in this section that we come up to this 
CM model after integrating different (partial) models. These 
(partial) models have been constructed by employees of the 
organization, in this case the students who simulated the (co-
operative) organization. In this domain, employees are not 
supposed to know about ontologies or any other technology for 
representing knowledge. Therefore, the initial CM is constructed 
by the Knowledge Management department by using different 
techniques for extracting knowledge. 
A group can be seen as a department in this organization and the 
administrator of each group can be a member of the Knowledge 
Management department because they are in charge of introducing 
the knowledge into the CM when an employee makes a request for 
adding new knowledge to it. This is part of the distribution of the 
CM whose description is continued next. 
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Figure 3. MyProjectors ontology 

Figure 5. Using the tool for browsing the Corporate Memory 

 

Figure 4. The technical support department 



  

The model of the example represents a user request for checking 
the state of the CM. When this process is executed, the request 
goes to the administrator of his/her group, who is in charge of 
supplying the user with the best possible and accessible knowledge 
according to his/her preferences. Figure 5 shows the exploration of 
the concept 'Bulb replacement', and it represents a way of using the 
knowledge of the system for increasing the user’s knowledge. The 
maintenance of the knowledge cannot be illustrated with this 
example because maintenance is a dynamic process while we are 
showing a snapshot of the system at a given instant. 

6 CONCLUSIONS 
Knowledge Management (KM) is an emergent topic in Artificial 
Intelligence and organizational environments. There is not any tool 
that provides a complete KM yet, but its current significance has 
encouraged the search for solutions capable of facilitating 
Knowledge Management. Thus, this work describes the design and 
implementation of a system through which  employees of an 
organization can build, consult and maintain a Corporate Memory 
(CM) in a co-operative way. These (users) employees may be at 
different geographical locations (i.e. sites). The objective of a CM 
is to facilitate the sharing of the knowledge that exits within the 
organization in order to increase its productivity and 
competitiveness. The knowledge of employees is agreed to be the 
most important knowledge source for an organization but its main 
properties are its privacy and its tacit nature in most cases. The CM 
is an element that helps to make this knowledge public and explicit 
to other members of the organization. Our approach is similar to 
[32], where a CM is supposed to play two roles in the organization: 
passive (i.e., knowledge collector) and active (i.e., knowledge 
disseminator). 

CM management implies to perform some key operations that 
have been detailed in this work. These include the construction of 
the CM from the knowledge which exists in the organization, its 
distribution to the staff of the organization, its use within the 
organizational frame, and the maintenance of the CM and the 
knowledge which is kept by the CM in order to ensure its correct 
temporal evolution. Some authors (see [31]) include information 
about external elements to the organization by splitting the CM 
into two: an external corporate memory and an internal one. Our 
approach is different since the way in which we construct the CM 
allows for the introduction of each piece of knowledge that is 
useful for the organization, independently of their (internal or 
external) origin. 

Our approach covers the main processes in KM. The CM model 
represents an intellectual asset for the organization. In this 
approach, the generation of new knowledge is facilitated by the 
system, the corporate information is accessible and best practices 
can be shared by the members of the organization. Our CM model 
includes three different relationships (taxonomic, mereological and 
temporal), which allow employees to establish several kinds of 
relationships among the concepts they may be interested in. The 
definition of types of mechanisms for integrating knowledge 
facilitates one of the goals of a CM, namely, the reuse of 
knowledge to create new one in the context of organizations, so 
reducing the cost of obtaining it. This process is made through an 
adaptation of the terminology that is used for an employee’s 
knowledge (formalized as an ontology) with respect to the global 
knowledge kept in the CM. 

 However, the selection of the most adequate terminology for the 
knowledge the user will receive depends on some parameters, 
particularly on two. The first one is the consistency of the 
knowledge that is intended to be introduced into the CM with the 

knowledge kept in the CM. The second parameter is the amount of 
knowledge which is contained in a specific piece of knowledge. An 
advantage of our approach is that the consistency of the knowledge 
of the CM is guaranteed due to the fact that each new (candidate) 
piece of knowledge to be included in the system is evaluated  to 
check whether it is inconsistent with the current state of the system 
or not. In case there is any inconsistency between a new piece of 
knowledge of a user and his/her previous knowledge, the new piece 
of knowledge is considered to be the valid one and this one takes 
part of the integration process. 
  Collaborative knowledge building is not new. Thus, in [14], the 
authors have presented a system for collaborative construction of 
consensual knowledge bases. Such a system is based on the peer-
reviewed journals: before introducing some piece of knowledge in 
a knowledge base, that piece must be submitted to and accepted by 
a given community. In order to achieve it, the definition of a 
protocol for submitting knowledge is provided. The consistency of 
the knowledge introduced into the CM is guaranteed by this 
principle and leads to the collaborative dialog among the experts. 
An important concern underlying this approach is that the 
community must use the same terminology. In our approach, a 
mechanism for synonym concepts management, that allows each 
agent to operate with its particular vocabulary, overcomes this 
problem. In order to solve the problem of synonym concepts, we 
use an approach close to that used by [33]. However, the way in 
which those conflicts are detected is different. In our approach, it is 
the system that is in charge of finding out which concepts are 
synonyms and which ones are not. This facility is not included in 
[33].  
 Three types of problems derived from the collaborative nature of 
the global ontology creation have been presented. These problems 
arise from the existence of different viewpoints different 
employees/groups can maintain with respect to a same domain. 
Then, the integration process can be seen as the unification of a 
group of consistent viewpoints. In literature, different approaches 
for managing inconsistencies among different viewpoints can be 
found. In [12], different consistency rules are defined to establish 
how the different viewpoints can be unified, and inconsistencies 
are prompted so that users choose how to solve conflicts. However, 
this solution cannot be applied in our approach because we intend 
to integrate automatically ontologies. In [9], a method for the 
comparison and integration of multiple viewpoints is presented. An 
extension of such approach can be found in [27] to represent and 
manage a Corporate Memory. In these works, different types of 
links are established among conceptual graphs. Moreover, different 
strategies, which can only be applied under certain circumstances, 
are used for solving conflicts. However, these links only cover 
relations between different entities, so that this approach does not 
take into account attributes. Therefore, this solution is not adequate 
for our approach. 

Finally, some remarks about future work should be made. We 
plan to extend the approach in order to contemplate more (real) 
situations that can exist in an organizational context. For example, 
the inclusion of new types of relationships, extending the ones 
available now (i.e., taxonomic, mereological and temporal) is 
interesting because it will contribute to make our system more 
realistic and adequate to organizational environments. More 
facilities concerning users’ preferences is another desirable future 
feature of the system. Another suggestion about future work is the 
inclusion of multimedia contents, which could make it easier to 
employees the understanding of specific concepts that belong to a 
domain in which they have not much background knowledge. 
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Abstract. Our work concerns the elaboration of organizational
memories (OM). We investigate the feasibility and the benefit
of a strong coupling between a knowledge base and a docu-
ments' base. Such a coupling supposes that the knowledge to
manage is distributed, at one and the same time, in a knowl-
edge model and documents. This distribution raises many
questions such as: what knowledge to model?, and how to
diffuse the modeled knowledge? In reply to the first question,
we recommend modeling the organization for which the mem-
ory is elaborated, while insisting on the benefits and the gen-
ericity of the approach. For the diffusion of the modeled knowl-
edge, we suggest introducing a mechanism of generation of
documents adapted to the user’s expectations. This paper pres-
ents our first results, in particular a generic software architec-
ture which is currently developed. We illustrate these results
with the elaboration of an OM for our research team, which
constitutes a privileged experimental field for our work.

Key words: Methodologies and tools for Knowledge Man-
agement, Knowledge modeling and enterprise modeling, Se-
mantic Portals, Ontologies and Information Sharing.

1   INTRODUCTION

In this paper, we present the first results of a project whose aim
is to define a method and a software architecture to develop
hybrid organizational memories (OM). Such OMs are based on
the “strong” coupling between a knowledge base (KB) and a
documents' base (DB).

The current approaches for the elaboration of hybrid memo-
ries consist in the coupling of an ontology with a DB to index
documents and/or enable their annotation [2] [12]. These cou-
plings are “weak” because the unique aim of the knowledge
model – the ontology, and possibly, some annotations – is to
facilitate the access to the documents. The knowledge which is
managed is only in the documents. In our project, on the con-
trary, we study the feasibility and the benefit of a “strong”
coupling. We consider that the knowledge to manage is both in
the knowledge model and in the documents. We therefore seek

to place the two forms of knowledge explicitation on the same
level, searching for the strongest complementarity to manage
knowledge.

Concerning the use of the knowledge, each explicitation
form has indeed its own characteristics: the more the knowl-
edge is structured, the easier it is to transform and to diffuse it;
on the other hand, the more important is the initial cost for the
formalization and the more complex is its maintenance. Then
these different explicitation forms are complementary and they
must be chosen by considering the value of the knowledge for
the organization and its cost of acquisition and formalization
[5].

The notion of documents' enrichment with the help of formal
models of knowledge, as defined by [19] and exemplified in the
project ScholOnto [6], is going towards a strong coupling.
However, concerning the access to knowledge and its diffusion,
an important dissymmetry persists. On the one hand, with the
DB, we have many documents whose contents and form obey to
an aim of communication on a fixed subject, for a fixed reader-
ship. On the other hand, with the formal knowledge model, we
have a monolithic model whose role is not to inform about a
fixed subject but to provide contextual knowledge to facilitate
the access to documents and the interpretation of their contents.
The knowledge model is then always oriented towards the
documents and its contents don't benefit of the same facilities
of diffusion.

In order to realize a true strong coupling between a KB and
a DB and to provide the modeled knowledge with the same
facilities of diffusion, we suggest to introduce a mechanism of
generation of documents from the modeled knowledge. In
response to an user’s request concerning a theme tackled in the
knowledge model, a structured description, whose contents are
adapted to the expectation of the user, is constructed. This
mechanism is integrated in a larger document, that we call
“knowledge book”, playing the role of portal for the memory
[24]. The knowledge book presents the subjects tackled in the
knowledge model and assembles, for a fixed user, a set of
predefined requests.

In order to define our approach and evaluate our software
architecture, we have chosen to manage the knowledge of our



research team [16]. We have also developed a prototype of OM,
in a near context of industrial research [11].

In the paper, we complete the description of our work ac-
cording to the following plan:
− Section 2 describes the principles followed to achieve a

strong coupling between the knowledge model and the
documents.

− Section 3 presents a generic software architecture of OM,
whose components are currently implemented. In particular,
we see how the module in charge of the construction of
documents, called “Writer”, collaborates with the modules
implementing our knowledge representation language De-
fOnto [17]: a compiler and an inference engine.

− Section 4 presents the method of ontologies construction,
OntoSpec [15], which is associated with the approach, and
the role played by the two manifestations of the ontology
that the method considers: a semi-informal ontology and a
computational ontology specified in DefOnto.

− Section 5 emphasizes the contribution of DefOnto in the
elaboration of the memory, in terms of power of expression
and inferential services.

− Section 6 presents the prototype of OM realized in the proj-
ect of managing our team knowledge.

− Section 7 assembles comparisons between our work and
other projects.

2   PRINCIPLES OF A STRONG COUPLING

This section presents principles retained to realize a strong
coupling. They concern the choice of knowledge to model §2.1
and the way the modeled knowledge is diffused §2.2.

2.1   To model the organization: interest and
genericity of the approach

As the choice of the knowledge to model depends, as we said
before, on many parameters, notably on the value of knowledge
for the organization, one has to expect that this choice varies
from one application to the other. In this section, we present the
choice that we have undertaken in our projects. In addition we
put forward arguments to consider this choice as generic, that is
to say susceptible to be retained in a large number of applica-
tions.

We suggest modeling the organization for which the memory
is constructed and to elaborate this model by successive re-
finements.

A model of the organization describes the structure of the
organization, its members, its partners, its activities, its prod-
ucts or results, and its documentation. Such a model satisfies
different objectives, often put forward to motivate projects of
OM construction:
− To help diffuse the documentation. The model contains

many references to documents. For example, the description
of actors or partners of the organization makes reference to
documents of which they are authors or publishers. Simi-
larly, the description of activities led within the organization
(e.g, meetings, projects) makes reference to related docu-
ments (e.g., meeting reviews, documentation of project).

Therefore the model of the organization offers a context to
access to documents.

− To help integrate a new actor in the organization. Such a
model notably informs the newcomer of activities to which
the different members of the organization participate, their
responsibilities in these activities, the state of project fur-
therance. In addition, the newcomer is aware of documents
that he/she has to consult as a priority and of their location.

As we can see, a simple model of the organization, making
no reference to the business knowledge of the organization, can
offer a good return on the investment in time required for mod-
eling knowledge. It allows to construct, at a low cost, a first
version of the memory and to interest actors of the organization
in the knowledge management project.

Thereafter, such a model can be complicated, notably by
modeling business knowledge of the organization. It becomes
then possible, for example, to describe the competence of or-
ganization members by connecting them to business objects
(e.g.: [7]), to preserve knowledge for activities judged crucial
(e.g.: [13]) or to index documents by their contents to facilitate
their access (e.g.: [22]). We thus recommend an incremental
development of the model of the organization, each supple-
mentary effort of modeling leading to the addition of a new
service to the memory.

Should be noted that elaborating the model of the organiza-
tion supposes that the notions necessary for its expression have
been beforehand defined, for example the notions of “partner”,
“confidential document” or “internal project”. Here we meet
the question of the construction of ontologies. It is necessary
therefore to consider that the KB contains both the model of the
organization and its associated ontology. In section 4, we deal
with the method of construction of the ontology and we empha-
size the role played by the ontology in the exploitation of the
memory.

2.2   Diffusion of the modeled knowledge by means
of documents suited to the profile of the user

The KB is specified in a formal language of representation, as
far as we want the OM to reason about the modeled knowledge,
and we therefore face the question of the mode of diffusion of
this knowledge.

The contents of the KB can't be indeed diffused as they
stand, for several reasons. On the one hand, representations of
knowledge are specified in a computer language and are there-
fore hardly understandable for a human being. On the other
hand, the order of the entities of representation in the KB cor-
responds to a KB development logic, not to a knowledge trans-
mission logic. In addition, it is out of the question to present
the totality of the KB to a member of the organization, if only
because of access rights to some information.

We therefore suggest generating from the KB a “readable”
document, whose contents are adapted to the needs of the user,
that we call “knowledge book”. Such a document contains a
summary (a table of contents) gathering, in the way of a classic
book, an ordered set of themes. Each theme corresponds to a
subject tackled in the knowledge model, in our case to a partial
view of the organization. More precisely, a theme corresponds
to an object, or a list of objects, described in the knowledge



model, for example a person, a project or an organization. The
selection of a theme in the summary, to consult the contents of
the corresponding section of the book, leads to the construction
on the fly of the presentation of the corresponding object (or set
of objects), by a software module called “Writer”. The Writer
takes into account both predefined models of presentation of
types of objects (one does not present a person like a project),
the ontology and the profile of the user, to elaborate a struc-
tured description.

Thus, each user receives a book, where both the summary
and the contents of sections are adapted to his expectations and
to his profile. This supposes that the memory disposes of dif-
ferent summaries, adapted to the different profiles of users.
These summaries are defined by a member of the organization
playing the role of administrator of the memory.

3   SOFTWARE ARCHITECTURE

Let’s see how the different functionalities we have just de-
scribed are materialized in term of a software architecture.
Figure 1 shows a general view of our OM architecture (the
main software modules are graphically represented by rectan-
gles). It defines two different roles that may be played by or-
ganization actors, the roles of editor and consultant.

Fig. 1. OM architecture

Acting as an editor, the user edits different knowledge
sources in order to build them up and maintain them:
− The Knowledge Base, composed of the ontology and the

organization’ model, is formalized in the DefOnto language.
This KB is translated by a compiler to an internal represen-
tation (in JAVA), whose structure is optimized to allow in-
ferences. The addition of new descriptions in the organiza-
tion’ model leads to extensions of the internal representation
(incremental compilation). The inferences are realized by
the Inference Engine.

− The Documents' Base. The addition and the deletion of
documents are assumed by the document administrator, who
also maintains the DefOnto description of the documents in
the KB, with the help of the KB Administrator. We can no-
tice that some documents can be described in the KB with-
out being stored in the DB. This is the case, for instance,
with papers, archived in cupboards, or with web sites for
which we only archive the address.

− The user profiles, which consist in a list of user “types”:
consultant (internal or external to the organization), editor
(of the ontology, of the organization model, etc.). Each type
of user is linked to a book skeleton and some rights of ac-
cess regarding the level of confidentiality of the knowledge
or the documents.

− The book skeletons, which contain the structured summaries
of the books. A summary is defined by a list of themes and
sub-themes corresponding to partial views of the model of
the organization. Each terminal element of the summary cor-
responds to a precise information request, related to one
object or a list of objects, that is sent to the Writer by the
Interface.

− The presentation models, which consist in an ordered set of
properties for a given type of object. Yet for a same type of
object to present, the model may differ according to the
rights of the consultant (an external person can’t see confi-
dential information), the level of description expected (we
don’t expect the same description in an introduction and in a
sub-section dedicated to this object).

As we can see, there are different types of editors, each one
needing some special abilities: the editor of users profiles must
be aware of consultants needs whereas the ontology editor
should be a knowledge engineer with knowledge modeling
skills and so, he may not be an employee of the organization.

Acting as a consultant, the user has access to his knowledge
book. At that time, he is able to perform different actions:
− To select an entry of the summary, that leads to the writing

of the corresponding section by the Writer and its visualiza-
tion by the Interface. The related information request is
translated by the Writer to elementary requests that are
transmitted to the Request module. The latter searches into
the KB using the Inference Engine to answer these elemen-
tary requests. In the end, the Writer exploits the produced
answers, the user profile and presentation models prede-
fined for each type of entity (e.g.: person, project) to write
the section.

− To express an information request, not anticipated in the
summary, and whose answer will flesh out the book. The
user has to deal with the Writer, which will help him to ex-
press his request. The rest of the processing is similar to that
of a predefined request of the summary.

4   BUILDING AND ROLES PLAYED BY AN
ONTOLOGY IN THE CONCEPTION AND
EXPLOITATION OF THE MEMORY

We have seen that the KB is composed of a model of the or-
ganization and of an ontology. The latter has different func-
tions, constituting an help for the conception and exploitation



of the model of the organization. In this section, we emphasized
the contribution of the ontology to strong coupling, from meth-
odological point of view, successively presenting: the method
“OntoSpec” for building ontologies [15], which is integrated in
our method of OM building §4.1; the two manifestations of the
ontology considered by OntoSpec, a semi-informal conceptual
ontology §4.2 and a computational ontology §4.3, specifying
their respective role; the ontology OntoOrg, built in different
projects of memories construction, and which constitutes a
resource bound to our method §4.4.

4.1 Ontology construction

The method OntoSpec [15] results from an evolution of the
methodological framework defined in [18]. OntoSpec suggests
to organize the development of an ontology with two main steps
named “ontologization” and “operationalization”:
− Ontologization corresponds to acquisition and modeling of

ontological knowledge (the notions). It is guided by model-
ing primitives (e.g., concept, relation, essential property),
the specification being made at the “knowledge level”,
which means that no computer constraint is taken into ac-
count (e.g., language syntax, inference time). This step leads
to a conceptual ontology, specified in a semi-informal way.

− Operationalization takes as data the conceptual ontology to
code it into the language of representation DefOnto. As De-
fOnto is also a programming language, this step leads to a
computational ontology.

Such a decomposition is inherited from KBS building meth-
ods which, like the CommonKADS methodology [23], distin-
guish two levels of modeling: a modeling to make sense and a
modeling to implement a system. We also find it in methodolo-
gies for ontology building like METHONTOLOGY [10] and

TERMINAE [4]3.
Among these two steps, ontologization is certainly the more

crucial step. It allows cooperative work between a knowledge
engineer and the actors of the organization receiving the mem-
ory, to get a coherent, complete and consensual, system of
concepts. It is led by the tasks that the memory must assist,
tasks which determine the nature of the organization’ model to
consider. Once the conceptual ontology obtained, the operation-
alization consists in coding the modeled knowledge using the
language DefOnto. This step can be done by a computer scien-
tist who knows the constructions of the language and its infer-
ential services.

4.2   The conceptual ontology

The conceptual ontology is specified in a semi-informal way,
which means that definitions of conceptual entities (concepts
and relations) are expressed in a strongly structured and con-
trolled natural language.

The structure of a definition (cf. examples in figure 2) is
based on a classification of propositions which are likely to
contribute to the contents of the definition:
                                                       
3 A comparison of OntoSpec with these methods is out of range of this

paper. The interested reader will read (Kassel, 2002).

− Some propositions are used to express properties of objects
denoted by the conceptual entity. At a first level, the prop-
erties are classified as “essential” properties (EP) or

“incidental” (IP)4. At a second level, the properties are clas-
sified according to “roles” they play regarding the defined
conceptual entity. These roles can be abstract (e.g., Neces-
sary Condition (NC), Sufficient Condition (SC)) or more
specific, and in this case specialize the previous (e.g., Sub-
sumption Link (SL), Subsumption Link with Differentia
(SLD), Link of Mutual Exclusion (LME), Relational Link
(RL), Domain Restriction (DR), Range Restriction (RR)).

− Other propositions are used to express comments, aiming,
either at clarifying the definition supplying examples and/or
counter examples, or, for the modeler, at memorizing
choices of modeling. An important example of comment,
intended to reinforce the understanding of definitions, con-
sists in explaining the presence of “semantic axes” (SA)
when a notion is specialized according to several dimen-
sions. So, the notion of “document” can give birth to notions
of “electronic document” and “paper document”, according
to the physical support used, notions of “document in
French” and “document in English”, according to the lan-
guage used, finally notions of “announcement of thesis pres-
entation” and of “call to participation to scientific event”,
according to the communicating intention of the document's
author.

Employee: [EP/SLD] an EMPLOYEE is a PERSON who
WORKS ON BEHALF OF an EMPLOYER. [EP/RL]
Every EMPLOYEE IS PAID BY the EMPLOYER who
employs him. [SA] The concept EMPLOYEE is spe-
cialized in ENGINEER, RESEARCHER according to
the nature of work realized by the EMPLOYEE.

Electronic document: [EP/SLD] An ELECTRONIC
DOCUMENT is a DOCUMENT which HAS A
SUPPORT electronic. [EP/RL] Every ELECTRONIC
DOCUMENT HAS FOR FORMAT a FORMAT.
[EP/LME] The ELECTRONIC DOCUMENTS are op-
posed to PAPER DOCUMENTS.

Works on behalf of; is employed by: [EP/SL] WORK
ON BEHALF OF implies TO BE USED AS A
RESOURCE BY. [DR & RR].An EMPLOYEE WORKS
ON BEHALF OF an EMPLOYER.

Fig. 2. Semi-informal definitions of two concepts and of one relation

In addition to this catalogue of propositions, whose role is to
control the contents of a definition, the knowledge engineer has
rules at his disposal to control the expression in language, such
as:
− Rules to paraphrase each type of proposition, in order to get

homogenous definitions.
− Typographical conventions to place words used in the defi-

nition in relation to the current  conceptualization. For ex-

                                                       
4 The essential properties are verified by the objects denoted by the concept

in every situation, or world, possible. They are thus “really” definitional.
Conversely, the incidental properties are satisfied only in the subrange of
situations where memory is likely to be  confronted.



ample, when a term is used in a meaning corresponding to a
notion of the ontology, this word is written in capital letters.

In addition to being used as a basis for coding the computa-
tional ontology in DefOnto, the conceptual ontology becomes
encapsulated, as it is, in the computational ontology, which
allows it to be exploited by the Writer. So, to answer a query
on the sense of a term, the Writer exploits the semi-informal
structured definition associated to the concept, to extract the
definitional properties and to suggest a definition of the term.

4.3   The computational ontology

The computational ontology is specified with the language
DefOnto [17]. It is obtained by coding semi-informal proposi-
tions into formal propositions (cf. figure 3). However, due to a
limited propositional power of expression of DefOnto, some
semi-informal propositions don't have their equivalent in De-
fOnto. In the definition of the concept EMPLOYEE, it is for

example the case for the second proposition5. This reduction of
sense justifies that we keep the conceptual ontology encapsu-
lated in the computational ontology.

DefOnto is a compiled language. The formal ontology, and
declarations of objects which are instances of  the concepts of
ontology, are translated into an internal data structure (cf.
figure 1). The compiler successively makes a lexical and syn-
tactic analysis, then a semantic one of the internal representa-
tion of DefOnto. The internal data structure is optimized to
provide inferential services. The latter are described in §5.2.

Fig. 3. Definition in DefOnto of two generic concepts and one relation

                                                       
5 This proposition “every employee is paid by the employer who employs

him” has for equivalent in first order logic : ∀x∀y  employee(x) →
(employer(y) ∧ employs(y,x) → ispaidby(x,y)). The use of the variable
y, in logic, allows to bind the entity  which employs to the one which
pays. The lack of variable in DefOnto explains why we can't represent
this proposition.

4.4   OntoOrg: an ontology dedicated to the
management of organizational knowledge

The experience that we have accumulated in different projects
of memory building shows that the construction of the ontology
remains, in spite of the existence of methodological guides, a
complex process which constitutes a real bottle neck for the
step of knowledge modeling. This fact explains why we con-
sider the reuse of existing ontologies as a critical aspect for the
process of ontology building. In our project, we approach this
aspect from the point of view of the management of the life-
cycle of ontologies developed for different applications.

To build the ontology OntoPME, within the framework of
our project of OM for our team [18] [16], we mainly reused the
ontology of the project (KA)2 [2] and, to a lesser extent, Enter-
prise Ontology [25]. Recently, for a second project, we reused
OntoPME to build OntoDCRIT by adapting OntoPME to the
needs of a new organization [11]. A work in progress consists
in integrating the two ontologies into a generic ontology On-
toOrg, which builds on the needs met in the two projects, while
erasing the particularities of the concerned organizations. The
stake of this work is to have a resource with growing quality to
reduce the cost of ontology building for future applications.

OntoOrg ontology is composed of five sub-ontologies corre-
sponding to five great themes, or types of objects: activities,
documents, events, organizations and persons. Figure 4 graphi-
cally shows semantic axes structuring the sub-ontology of

documents6.

Fig. 4. Different specializations of the notion: document

5   CONTRIBUTION OF THE LANGUAGE
DefOnto TO STRONG COUPLING

In this section we go back to DefOnto to put ahead two impor-
tant aspects of the language regarding our goal of strong cou-

                                                       
6 A french version of OntoPME can be consulted at URL :

http://www.laria.u-picardie.fr/EQUIPES/ic/demo/onto-pme.html. On-
toOrg will be on-line on July 2002.



pling. On the one hand, we present the power of expression
offered by DefOnto to formalize the model of the organization
§5.1. On the other hand, we describe the inferential services
provided by DefOnto and the query language used to make the
coupling between the Inference engine and the Writer §5.2.

5.1   Formalization in DefOnto of the model of the
organization

In addition to the representation of generic concepts, or classes
of objects, DefOnto allows to represent individual concepts, i.e.
points of view on individual objects, and this capacity is used to
formalize the model of the organization. Two original charac-

teristics, which are not shared by other languages [17]7, confer
to DefOnto a great power of expression for this purpose. They
are illustrated in the representations presented in figure 5.

A first characteristic is the possibility to define relations on
relations, which confers to DefOnto a large propositional power
of expression. This possibility is used in the description of the
object #KE_team to represent the complex proposition: “KE
team takes part in A2C2 project with HEUDIASYC partner,
since January 1st 2002”.

A second important characteristic is the possibility to define
meta-knowledge, which allows the definition of classes of
concepts, propositions and entities of representation. It becomes
thus possible to represent the following knowledge: “the fact
that the KE team takes part in mounting XX007 project is a
confidential information” (the concept #confiden-
tial_information is defined as a class of propositions); “The
entity representing the document (Fortier, 2001) was put in the
KB on October 5th 2001” (the property
#has_for_intrance_date_in_KB bears on the entity of repre-
sentation and not on the object).

We have just seen with these examples that DefOnto allows
to represent a relatively complex model of the organization,
that is assuredly an important point regarding our goal to man-
age knowledge at once in the knowledge model and in the
documents.

                                                       
7 Comparisons of DefOnto with other languages of representation (e.g.,

LOOM and OIL) are gathered on site: http://www.laria.u-
picardie.fr/EQUIPES/ic/LangComp/

Fig. 5. Definition of two individual concepts in DefOnto

5.2   Inference services of DefOnto

DefOnto provides a query language constituted of a range of
filters types. Each filter type corresponds to a particular type of
query bearing on contents of the KB, notably:
− To return the explicit extension of a concept of the ontology,

for example to return all internal reports: [#internal_report
*x].

− To compute the extension of a concept of the ontology taking
into account the ontological knowledge, for example to de-
termine all the internal reports taking into account the fact
that an activity report is an internal report: (can-infer-than
[#internal_report *x]).

− To determine if an object explicitly (resp. implicitly) be-
longs to the extension of a concept of the ontology, for ex-
ample to determine if (Cormier & al., 2002) is an internal
report: [#internal_report #(Cormier & al., 2002)], or (can-
infer-than [#internal_report  #(Cormier & al., 2002)]).

− To determine the set of linked objects to a given object
according to a given relation, for example to determine who
are the authors of (Cormier & al., 2002): [#has_for_author
#(Cormier & al., 2002)  *y].

Theses queries are transmitted to the Query module by the
Writer and are evaluated by the Inference engine. A request of
the user, for example, find all internal reports published from a
given date, can correspond to a conjunction of filters. The role
of the Query module is also to integrate results of the evalua-
tion of different filters.



6   REALIZATION OF AN OM PROTOTYPE

Within the framework of our project PME (project of team
memory), we have developed an OM prototype. This one is
composed of two knowledge books using the same KB. A first

book, accessible on Internet8, presents the KE team of LaRIA
and more widely the KE community in France and abroad by
presenting teams, projects and documents, of reference. A
second book, only accessible on a team’s intranet, constitutes a
work tool for the team. In addition to the information available
in the first book, it permits to edit documents with restricted
diffusion (work notes, reports of meetings, etc.) and indicates
more detailed information on the team’s projects.

Such a book (cf. figure 6) consists in two parts: the left part
corresponds to the visualization of a table of contents and the
right part corresponds to the visualization of the contents of the
sections. The latter corresponds to a partial view of the organ-
izational model generated by the Writer.

The table of contents is made up of a set of ordered themes.
For example, the editor of the book (accessible on the Internet)
has estimated that the presentation of the KE team of LaRIA
should begin with the general presentation of the team and
should continue with a presentation of its members, then of its
partners. The themes can be broken down in sub-themes. The
theme “Its projects”, in our example, is broken down in two
sub-themes: “internal projects” and “projects in collaboration”.

A navigation in the table of contents allows the user to se-
lect a theme. The activation of the theme generates the con-
struction of the corresponding view. This view corresponds to

the structured description of objects9.

Fig. 6. Visualization of the knowledge book

In our example (cf. figure 6), the contents in the right win-
dow correspond to the results of the activation of the theme “its

                                                       
8 http://www.laria.u-picardie.fr/EQUIPES/ic/demo/livre-ic.html
9 Actually, the prototype that implements our software architecture directly

uses the files which compose the KB formalized in DefOnto. A new ver-
sion integrating  the functionalities of the “writer” module will be soon
accessible.

members”. After the Writer retrieved all the necessary ele-
ments, he sends a request to the Request component to obtain
the objects and the properties to show to the consultant. Then,
he writes a XML file with these results and sends it to the
Interface which can easily process it to adapt the order of pres-
entation. This possibility is interesting only for a list of objects.
The interface can change the order of presentation according to
the user’ choice. In our example, the Interface shows a response
to the consultant which consists in an ordered list of descrip-
tions of the members of the team; it begins with the presenta-
tion of the team leader. Then the permanent members are pre-
sented. The Ph.D. students and the associated members termi-
nate the presentation. For each member, his/her name and
his/her address are first indicated, then the projects in which
he/she participates, and, if they exist, his/her responsibilities.
The consultant may prefer a presentation according to the proj-
ect in which the person participates rather than according to the
administrative function. Concerning documents, the consultant
can prefer to order the presentation by date, by author or by
subject.

The objects' descriptions mention different entities: concepts
and relations which are part of the ontology (e.g.: researcher,
supervisor), and other objects which structure the model of the
organization. Links on these entities (cf. figure 6) allow the
user to get other knowledge. They allow to see a definition of
concept or relation, or the description of another object. When
following the links, the user can in particular reach the de-
scription of the set of referenced documents.

Finally, some actions are allowed on certain objects with the
purpose of interacting with the entities of the physical world
that the objects model. For example, it is possible to edit
documents for which we have an electronic version with the
help of the document administrator which is in charge of
maintaining the document’ base or to contact someone with the
mail. In our example in figure 5, we can contact Gilles Kassel
in activating the link “click here”.

7   RELATED WORKS

In this section we compare our memory architecture to other
architectures relying on a KB and DB coupling.

We find in the (KA)² project [2] and its recent continuations
[24] a memory architecture close to ours: the KB is made with
web pages annotations, and the ontology is used both to model
annotations and to infer implicit knowledge during the queries.
The replies consist however in objects lists, not in structured
objects descriptions. Moreover, these replies don’t take a user
profile into consideration.

The CoMMA European project [12] mainly aims at evalu-
ating the contribution of a multi-agents approach to design and
to implement OM. It exploits emergent web technologies
(XML, RDF(S)) for the annotations and ontology specification.
With the translation of these RDF(S) specifications to concep-
tual graphs and the use of CORESE inference engine [8], we
find again an architecture close to ours. Moreover this project
has recently led to an expansion of RDF(S) to extend the ex-
pression capability for the ontology and annotations specifica-
tion [9]. Nevertheless, as in the (KA)² project, the query replies
only consist in elementary objects lists.



In the ScholOnto and myPlanet projects [6][14], which rely
on the notion of documents enrichment [19], the KB contains
knowledge to facilitate the documents access and their contents
interpretation. The KB/DB coupling is therefore used, as in
(KA)² and CoMMA, to make the information retrieval easier by
using knowledge models.

In our approach, the model of the organization plays the
same role of documentation contextualization, but it is besides
exploited for itself, in a strong coupling perspective. This ex-
ploitation goes through the addition of a diffusion mechanism
for the modeled knowledge, which takes the form of a genera-
tion of customized virtual documents.

8   PROSPECTS

The works we have just exposed are going into different direc-
tions.

A first version of the set of software modules, which con-
stitutes our OM architecture, is currently being built. The
multi-agents approach, already used in different OM projects
[1] [12], seems well suited for the implementation of such
software architectures. We have chosen to use the JADE plat-
form [3] as in the CoMMA project.

Currently, the presentation models are linked to the objects
in the book skeleton, which leads to duplicate these models and
also to incorporate the user’ profiles in these models. To over-
come these limitations, we plan to adopt a knowledge-based
approach for the Writer which will dispose of generation meth-
ods for the elaboration of structured descriptions. Such an
approach will provide us more flexibility to take into account
the users profiles.

At the same time we plan to carry out other experiments and
capitalize on the experience both in the software architecture
and in the associated OM development method.
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An Intellectual Genealogy Graph  
~ Affording a Fine Prospect of Organizational Learning ~ 

Mitsuru Ikeda1 and Yusuke Hayashi1 and Hiroyuki Tsumoto1 and Riichiro Mizoguchi1 

Abstract. The word of “learning”, in a wide sense, is used as a 
part of the social system of education and it has been attracting 
researchers’ interest in our research area of educational systems. 
The goal of this research is to support creation and inheritance of 
organizational intellect, that is, “learning” in an organization. In 
this paper, we will propose an “Intellectual Genealogy Graph,” 
which is a model representing chronological correlation among 
persons, activities, and intellect in an organization. The 
intellectual genealogy graph is a basis of intelligent functions 
which is useful for surveying current learning conditions and 
clarifying the intellectual role of individuals, organizations, and 
documents in the organization. 

1. INTORODUCTION 
We continue to learn during our lifetimes. As researchers, for 
example, we learn basic knowledge through ‘book learning’, 
acquire up-to-date knowledge from the literature, develop original 
knowledge for ourselves, and then disseminate it to society. In this 
sense, we can share the idea that “life is a continuous process of 
learning.” Usage of the word "learning" here has a rather wide 
sense; it is subtly different from the customary sense in which we 
use it to refer to the learning process established as a part of the 
social system of education. 

“Learning” in a wide sense includes various forms of learning: 
for example, workplace learning, life-long learning, organizational 
learning, and so on. Viewing learning as an implicit, daily, 
long-term, practical activity is an important trend in many research 
areas related to the area of computers in education. As examples, 
the concepts of social constructionism in psychology[1], 
organizational learning[2] or knowledge creating companies[3] in 
management, and knowledge management sy stems in information 
technology[4][5] have been closely related to our research areas. 
In our area of intelligent educational systems, needless to say, 
“learning” in a wide sense has been attracting researchers’ interest. 
Fisher’s series of works on life-long learning[6] and integration of 
collaborative learning and knowledge management[7][8][9] are 
typical approaches in the same vein. 

Along a similar line of thought, this research aims to develop a 
model of learning in a wide sense. Needless to say, we are all 
vaguely conscious of a similar model in our own minds which we 
apply to increase awareness of social relations among organization 
members; however, that model is implicit and not systemic in most 
cases. We propose a model called a “dual loop model”, which 

shows how intellect is formed in individual life in organizations 
and works as a fundamental component of a learning support 
platform. The dual loop model indicates an ideal relation between 
individual activity and organizational activity and clarifies roles of 
individuals, activities, and documents as a vehicle for intellectual 
communication in organizational learning.  

In this research project, we have been developing an IT platform, 
Kfarm[10][11], to develop users’ pro-found social intellectual 
awareness in organization. Kfarm is a Web-browser-like 
workplace for users to carry out knowledge-oriented group 
activities, that is, searching, creating, organizing, and 
communicating information. All activities on Kfarm are recorded 
in organizational memory in the form of an “intellectual genealogy 
graph.” This intellectual genealogy graph represents a trace of 
intellectual activities based on a dual loop model and shows how 
knowledge and the intellect are evolved in organization.  

2. A MODEL OF ORGANIZATIONAL 
LEARNING 

The terms ‘knowledge,’ ‘intellect,’ and so on are used with various 
meanings, so there appear to be no definite meanings for them[12]. 
Though it is difficult to define them strictly in a consistent manner, 
to show subjects of this study, we will take some exemplary 
definitions from the literature. 

Brown and Duguid[13] argue convincingly that knowledge is 
more than just information because it 
? usually entails a ‘knower’, 
? appears harder to detach than information, and 
? is something what we digest rather than merely hold. 
Tobin draws distinctions between data, information, knowledge, 
and wisdom[14]. 
 
1. Data:   
2. Information: = Data+ relevance + purpose 
3. Knowledge: = Information+application  
4. Wisdom:  = Knowledge+intuition + experience 

In this research, the term ‘intellect’ is used to express our idea 
similar to Brown and Duguid’s argument about ‘knowledge’ and 
Tobin’s ‘wisdom’. Having an intellect means not only merely 
knowing something, but also digesting it through creation or 
practical use. It also means that the intellect cannot be separated 
from a person because it includes skill and competency. Therefore, 
we aim to support creation and inheritance of organizational 
intellect by managing information concerned with intellect. 
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2.1. Organizational learning 

It is considered that there are two viewpoints to clarify the goal of 
creation and inheritance of organizational intellect. One is a 
practical view and the other is an educational one. The practical 
goal is to produce a novel and significant intellect for an 
organization. The educational goal is to properly transmit 
significant intellect from past to future members of an organization 
and import significant intellect from outside of it. For both 
viewpoint, it is necessary  to clarify what intellect each 
organization member has and what kind of shared workplace 
(Nonaka et al. call this “ba”[15]) makes it easy to transmit each 
intellect. 

We attempt to attain such goals through our usual 
communication. Typical activities are, for example, acquiring, 
creating, and distributing intellect through the organization. 
Linking the activities are vehicles, e.g. conversations, books, or 
documents. By interpreting the activities and the vehicles, we can 
gain an awareness of others’ intellect; those members usually do 
various activities to achieve creation and inheritance of 
organizational intellect based on that awareness. Such individual 
activities run the organization. However, it is difficult for members 
to do that because of the implicit nature of an ideal process of 
creation and inheritance of organizational intellect and content of 
vehicles actually used in activities. Consequently, to be properly 
aware of intellect and decide activity to attain the goal, it is 
necessary to clarify a model representing relations among an 
organization, individuals, intellect, vehicles, and activities from 
the view of creation and inheritance of organizational intellect. 

Landes et al.[16] proposed a model of organizational learning in 
which knowledge is augmented with experiences of its application 

and developed a support tool based on it . The augmentation 
process is represented by the dependency among the documented 
experiences. In the best applicable domain of their idea, general 
knowledge is treated on an abstract level and the essential details 
of how to apply that knowledge in very specific situations are 
absent. Basing improvement initiative on experiences has a 
number of advantages, particularly in such a domain. On the other 
hand, intellectual roles of a person and intellectual communication 
in an organization are relatively less focused in this model. 

Nonaka and Takeuchi proposed the SECI model, representing a 
knowledge conversion process and “Middle up-down 
management”, which is a form of an organization to activate 
process[3][15]. In Middle up-down management, a “Knowledge 
practitioner (K-practitioner)” plays the role of generating creative 
power previously mentioned, while a “Knowledge producer 
(K-producer)” plays the role of coordinating between the top’s 
visions and the K-practitioners’ practical activities. Typical 
activities of the K-producer are given below: 
? Proper understanding of organizational conditions. 
? Assimilating new intellect with the organizational 

intellect. 
? Distributing organizational intellect based on their 

vision/strategy. 
These activities give direction to K-practitioners’ activities. 
Several studies have been made on information systems to 

support creation and inheritance of organizational intellect. 
Klamma and Schlaphof[17] stated the importance of interrelation 
between the processes of knowledge creation and usage and 
normal business processes both on a conceptual and a systemic 
level; they proposed a model-based approach for solving that. 
Watanabe and Kojiri[8][18] arranged various kinds of educational 
support systems: CAI, CAL, ITS, and CSCL according to the 
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Figure 1. Dual loop model (partly simplified) 



SECI model and proposed a learning environment architecture in 
which learners are able to change their learning style freely. The 
former study addressed the practical viewpoint and the latter study 
addressed the educational viewpoint, but each study  ignored the 
other viewpoint.  

In the viewpoint of awareness of intellect, Ogata et al. defined 
awareness of one’s own or another’s knowledge as “Knowledge 
awareness” and developed Sherlock II which supports group 
formation for collaborative learning based on learners’ initiatives 
with the knowledge awareness[19]. This study supports group 
formation by learners’ own initiatives, but lacks the organizational 
perspective. 

The purpose of this study is building an organizational learning 
environment from several perspectives: practical and educational; 
and organizational and individual.  

2.2. Modeling an organizational intellect 

We produced a model supporting creation and inheritance of 
organizational intellect from two separate models: a process model 
and a content model. The process model is a model representing 
creation and inheritance processes of intellect. The content model 
is a model of the domain of intellectual activities.  

Process model. We modeled an ideal abstract process of creation 
and inheritance of organizational intellect as a “dual loop model”. 
Figure 1 shows the most abstract level of the model, which 
describes constraint on the relation between activities and change 
of the property of intellect. For example, socialization prescribes 
that resultant intellect draws a certain amount of symp athy in the 
organization; then, externalization of the intellect should follow. 
These activities are structured as a multi-tiered abstraction 
hierarchy in which the bottom layer consists of observable 
activities, for example, reading a document or distributing one. 
The hierarchy does not prescribe content of intellect concerned 
with activity, but the property of intellect. The dual loop model 
explains these activities from both viewpoints of the ‘individual’ 
as the substantial actor in an organization (a personal loop: Figure 
1(A)) and the ‘organization’ as the aggregation of individuals (an 
organizational loop: Figure 1(B)). This model as a whole 
represents an ideal interrelationship among an organization, its 
members, and vehicles of intellect for the goal of creation and 
inheritance of organizational intellect. Further details of the dual 
loop model are shown in [10]. 

Content model. Most document management systems manage a 
document with indexes. However, it is difficult to share it in the 

organization since the meaning of the indexes is implicit and does 
not ensure consistency. Even if the document is shared, that will 
often be done on an implicit premise. In order to share and inherit 
intellect properly in an organization, it is necessary to form a basis 
to clarify the meaning of intellect. Semantic web[20] is an attempt 
to build a global consensus to share resources on the WWW. 

Ontology[21] has been brought to public attention as a 
foundation. Ontology is a set of definitions of concepts and 
relationships to be modeled. Concepts related to tasks and domains 
of an organization are defined as the ontology to describe 
document content. The description is called the “conceptual index”. 
Thus, intellect content in an organization is modeled with an index 
described on the basis of an ontology. 

3. INTELLECTUAL GENEALOGY GRAPH 
We compose a model of an organizational intellect as a 
combination of process and content, that is to say, the dual loop 
model and the ontology. The model is called an “intellectual 
genealogy graph”. It represents chronological correlation among 
persons, activities, and intellect in an organization as an 
interpretation of activities of organization members based on these 
two models. Modeling an intellectual genealogy graph affords a 
good foundation for building intelligent support functions for the 
organizational activities given below. 
? Clarifying a role for each member from a trail of his/her 

intellectual activities in organization. We call the role an 
“intellectual role”, which characterizes a contribution of a 
person to the construction process of organizational 
intellect. 

? Choosing a correct way to fill a gap between the current 
condition of organizational intellect and a desired one. 

3.1. Components of an intellectual genealogy graph 

Principal concepts appearing in an intellectual genealogy graph are 
as follows: 
? Person is a career of intellect and a creator of it. 
? Intellect is knowledge, skill, competency, and so on 

turned to practical use by a person. Categories of intellect 
are shown in Table 1. 

? Vehicle is a representation of intellect and mediates 
intellect among people. As mentioned before, we assume 
that intellect can only exist in a person's mind and a 
vehicle of the intellect is not necessarily a complete 
representation of the intellect. 

Table 1. Types of intellect 

Intellect type Explanation 

Personal intellect An intellect, which a person has personally. 

Organizational intellect Types of intellect classified in view of relation to other’s one and organizational one 

Sympathized intellect An intellect consented or sympathized by others  

Conceptual intellect An intellect acknowledged to be significant in an organization  

Systemic intellect A conceptual intellect combined with other conceptual ones. 

 



? Activity is activity related to the intellect or a vehicle. 
Categories of activities are shown partly in Table 2. 

An intellectual genealogy graph is built by abstracting a causal 
structure of cognitive activities from concrete activities based on 
the dual loop model. The structure clarifies mutual relation among 
personal activities, social activities, and organizational activities. 

3.2. Modeling an intellectual genealogy graph 

An intellectual genealogy graph consists of a vehicle layer and an 
intellect layer. The vehicle layer comprises persons, vehicles, and 
concrete activities. On the other hand, the intellect layer is an 
interpretation of the vehicle layer and consists of persons, 
intellects, cognitive activities, and relations among intellects. 
These relations are classified into some types by characteristics of 
changes of intellect as shown in Table 3. In the intellect layer, 
these relations are built from activities. 

Hard data for modeling an intellectual genealogy graph is a 

time-series of concrete activities observed in the workplace. Firstly, 
a vehicle layer of the graph is built from the data. Then, a series of 
cognitive activities are abstracted from the vehicle layer based on 
the dual loop model and an intellect layer of the graph is 
constructed. Figure 2 shows an example of interpretation from 
concrete activities into cognitive activity and relationships 
between intellects derived by the translation. In this way, the 
intellectual genealogy graph records the formation of an 
organizational memory from activities. 

4. Kfarm: AFFORDING FINE PROSPECT OF 
INTELLECTUAL ACTIVITIES 

Kfarm is a system that we have been developing which embodies 
our conceptualization thus far. Kfarm is a distributed system 
consisting of a K-granary, at least one K-ranch house and some 
K-fields. The K-field and the K-ranch house are environments for 
a K-practitioner and a K-producer respectively. Those two play 
dual roles of sensors which watch a user's activities in a 
knowledge-oriented task and a display which shows information 

Table 3. Types of relations between intellects(partial)  

Relation type Explanation 

created(?a) A person originally creates an intellect ?a with no reference to other intellects in the 
organization. 

imported(?a) A person acquires an intellect ?a from the outside. 
derived(?a, ?b) A person acquires an intellect ?a from another person’s intellect ?b in the same meaning. 
inspired(?a, ?b) A kind of modified relation, which represents the authorized significance of the 

conceptual leap from ?a to ?b. 
authorized(?a, ?b) A significance of an intellect ?b is authorized as an organizational intellect ?a by the 

organization 

 

Table 2. Types of activities (partial) 

Activity type Explanation 
Concrete Activity Observable activities in workplace. 

Read Reading, seeing a medium/vehicle. 
Collect Collecting a vehicle from other people. 
Represent Producing a vehicle. 
Sort Sorting a vehicle according to its meaning. 

 

Distribute Distributing a vehicle to other people. 
Cognitive Activity Activities affect on intellect 

Personal Activity Activities concerned with interpersonal activities 
Create Creating new intellect by oneself. 
Acquire-1 Acquiring an intellect from others. 

 

Organize Assimilate a new intellect into his/her own structure of intellect. 
Social Activity An interaction activity as an aggregation of personal activities. 

Pass A person acquires an intellect imparted by another person. 
Acquire-2 A person acquires an intellect from on his/her initiative. 

 

Discuss More than two persons communicate with each other. 
Organizational  
Activity Activities interpreted in an organizational perspective 

Share Members of the organization share a personal intellect. 
Authorize The organization authorizes a personal intellect. 

 

 

Inherit Members of the organization inherit an intellect. 
 



about the organizational intellect according to their roles. The 
K-granary is a server. It interprets K-producers’ and 
K-practitioners’ activities observed in the K-field and the K-ranch 
house and then aggregates and stores them as an organizational 
intellect.  

4.1. K-field 

A K-field provides K-practitioners with information needed for 
their knowledge-intensive tasks. Typical K-field functions are 
given below. These are designed based on activities defined in the 
personal loop in the dual loop model. 
Sorting documents by folders: A K-field provides a bookmark 

window as a tool to store documents in folders with indexes. The 
indexes are converted to conceptual indexes in the K-granary. 

Communication with others: In a KW-window, a K-field 
indicates information about others and documents related to the 
document selected in the bookmark window. This information is 
based on intellectual roles of members and the document 
assigned on the intellectual genealogy graph. 

4.2. K-ranch house 

A K-ranch house supports K-producers’ activities, e.g., 
recognizing the organizational condition and coordinating 
communication, cooperative work, and collaborative learning 

between K-practitioners based on the organizational 
vision/strategy. 

Figure 4 shows windows of the K-ranch house which is under 
development. A launcher window shown in Figure 4(A) informs 
K-producers about activities of K-practitioners in Kfarm. Figure 
4(B) and (C) are monitor windows to provide a K-producer with 
detailed information of an organizational memory.  In this case, 
an icon shown in Figure 4(A-1) indicates growth of an intellect 
supposed to be a sympathized intellect. If the K-producer clicks 
this icon, its details will be shown in the monitor window as 
shown in Figure 4(B) and (C). Figure 4(B) graphically indicates 
who sympathizes with the intellect through which document. Each 
node in Figure 4(C) indicates an intellect. Links between them 
indicate relations between intellects previously mentioned in Table 
3. 

Now, we will take a close look at the visualized intellectual 
genealogy graph. Figure 4(C) indicates a history of a generation of 
intellect in which the intellect (C-1) is the center of attraction. 
Broken arrows from intellect (C-2) to (C-1), for example,  
indicate an elaborated link. It is interpreted from the fact that ikeda 
makes a document referring to hayashi’s document concerned with 
intellect (C-2) and puts the same term index and additional ones 
on the document. This information help the K-producer to clarify 
intellectual roles of members and documents concerned with the 
intellect. To illustrate a case of this, for example, it is supposed 
that hayashi is a person who has made a seed of a new intellect 
(C-2) and documents concerned with intellects (C-3) can be used 
as background information. 
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Figure 2.  An example of an intellect genealogy graph 



5. CONCLLUSION 

In order to support creation and inheritance of organizational 
intellect, that is, “learning” in a wide sense, it is important to 
abstract and interpret activities in the organization. In this paper, 
we have proposed the dual loop model and ontology as bases and 
introduced Kfarm as an embodiment of them. The intellectual 
genealogy graph is useful for individuals and organizations to 

survey current learning conditions and to clarify the intellectual 
role of individuals, organizations, and documents in the 
organization. 

Future direction of this study will be to augment Kfarm in the 
following two ways. 
? Support of arranging a collaborative learning space 
? Model of the property of an organization 
In the former, broadly speaking, it is considered that Kfarm itself 
is a space for less-regulated collaborative learning because it 
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allows learner-directed communication. However, some processes 
of a dual loop model can be better achieved by rather regulated 
collaborative learning.  

In the latter, generally, an organization has a hierarchical 
structure and a member belongs to some groups in the structure. 
Currently, we are introducing an organizational structure and 
developing a more flexible model of creation/inheritance of 
organizational intellect by considering that structure. 
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Abstract. Oneof theimportantproblemsin organizationalmemo-
ries is their initial set-up.It is difficult to choosethe right informa-
tion to includein an organizationalmemory, andthe right informa-
tion is alsoaprerequisitefor maximizingtheuptakeandrelevanceof
thememorycontent.To tacklethis problem,mostdevelopersadopt
heavy-weightsolutionsandrely on a faithful continuous interaction
with usersto createand improve its content.In this paper, we ex-
ploretheuseof anautomatic,light-weightsolution,drawn from the
underlyingingredientsof anorganizationalmemory:ontologies.We
have developedan ontology-basednetwork analysismethodwhich
weappliedto tackletheproblemof identifyingcommunitiesof prac-
tice in an organization.We useontology-basednetwork analysisas
a meansto provide contentautomaticallyfor the initial set-upof an
organizationalmemory.

1 Introduction

Organizationalmemories(hereafter, OMs), have been studied as
meansfor providing easyaccessandretrieval of relevantinformation
to users.Thereareseveraltechnologieswhichsupport theimplemen-
tationanddeploymentof OMs(someof themidentifiedin [1]), how-
ever, thereis relatively little supportfor the initial set-upof anOM.
Whenimplementinganddeploying anOM, it is difficult to identify
theright informationto include.This taskis, normally, a knowledge
engineer’s job, to identify relevantinformationandpopulatetheOM
accordingly. This processthough, is time-consuming, manual and
error-pronegiven the diversity and quantity of resourcesto be an-
alyzedfor relevance.Semi-automaticmethodsandtechniques exist,
but thesearebound to individual technologies,asfor examplein [1]
wherethe authorsstatethat: “the knowledgeengineer[then] inte-
gratestheinformationobtainedfrom thethesaurusgenerator into the
OM semi-automatically, scanningthesimilarity thesaurusanddecid-
ing which relationsshouldbe formalizedandaddedto the knowl-
edgebaseor ontology, which shouldbe included in the thesaurus
integratedwith theontology, andwhich shouldbe ignored”.On the
otherhand,it is alwaystheuserwho hasto “kick off ” searchin the
OM. Thishowever, requirestheuserto formulateaquery, sometimes
with the help of semi-automaticsupport,and then the OM system
hasto parsethe querysuccessfully, retrieve informationdeemedto
be relevant accordingto somepre-definednotion of relevance,and
presentit to theuser.

Another perceptionon OMs is in terms of knowledge deliv-
ery. Therehave beentwo, metaphorically-defined, waysof deliver-
ing knowledge reportedin the literature: ‘pull’ and ‘push’ knowl-
�
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edge[35]. The former refersto technologies which aim at pulling
knowledge from vast repositoriesof data to people.Examplesin-
clude the familiar searchengineswhich, in someimplementations,
are facilitatedby intelligent agentsaugmented with ontologies for
semantically-enrichedsearch(see,for example,the OntoSeek[21]
andFindUR [30] systems).In thesesystemstheuseris expectedto
initiate thesearchby posingqueries.On theotherhand,‘push’ sys-
temsaim at providing knowledge to their userswithout prior inter-
action.Meansto achieve this ambitiousgoal in knowledgemanage-
ment(hereafter, KM) is thefocusof semantically-describedcontent,
theidentificationof theuser’s taskandtaskcontext.

In OM applications,both ways have beenstudied,though the
‘pull’ technologiesseemto bedominant.Thereasonfor thelow up-
take of ‘push’ technologiesin knowledge delivery is probably the
increasedrisk of ‘bombarding’ the userwith irrelevant information
which in turn could result in dissatisfaction with and discrediting
theOM. To tacklethis problem,OMs thatused‘push’ technologies
madecertainassumptions.For example,theKnowMoreOM [2] as-
sumesthatanexisting workflow enginewill bein place;this in turn
will be accessedandlinked to the OM makingit possibleto reveal
context-specificinformationregardingthe user’s task.Having such
informationavailablebeforeinitiating search,could(semi-)automate
the taskof filling-in querieswith context-specific information.That
way, knowledge deemedrelevant to the processis proactively pre-
sentedto its user.

Althoughwefoundthismarriageof workflow processesandOMs
an interestingone, we are skeptical about two, often unforeseen,
obstaclesin deploying sucha system:(a) theremight be situations
whereprocesseswill not be easyto identify or codify in a work-
flow engineand (b) even when theseare available and the OM is
built around existing processes,it might not be desirableto restrict
a user’s searchon thoseresourcesthat are deemedto be relevant
to the processthe useris involved in. In addition,the technological
challengesOM developersfacewhen implementingthis merger of
workflow processesandOMs couldbeconsiderable[3].

To alleviate this situation,we areexploring the useof oneof the
coretechnologiesfor supportingOMs, thatof ontologies. In partic-
ular, to copewith theproblemof initially settingup anOM, we ap-
ply amethodusedin theAdvanced KnowledgeTechnologies(AKT)
project,OntologyNetwork Analysis(hereafter, ONA). We apply an
algorithmto identify objectsthat aremoreimportantthanothersin
the underlyingontology. We measureimportancein termsof pop-
ularity. Thosethat have beenidentifiedareusedas the initial seed
to populatethe OM, thussetting-upan OM containingsomeinfor-
mation readily available for use.Sinceour methodis basedon an
ontology, we take advantageof theunderlyingontologicalstructures
to draw inferenceson theobjectsselectedandreasonaboutthe rel-



evanceof retrieved information.We appliedthis methodto tackle
anOM problem:how to identify communitiesof practice(hereafter,
CoP).

This automationin initially settingup an OM doesnot eliminate
theuserfrom thepicture.Wearekeento explorethesynergy between
user-definedinput and automatically-deliveredcontent.To achieve
this,weworked on waysto customizetheONA, allowing theuserto
customizetheoutputof theautomatedcontent-delivery mechanism.
We explored theseissuesin the context of our testbedapplication,
CoP.

We give an overview of the work relatedto initiating OMs by
emphasizingreportedtrade-offs betweenuser-definedqueriesand
(semi-)automaticquery definition in section2. We then continue
with an objective analysisof the resourcesselectionproblemwhen
setting-upanOM (section3) which motivatesour hypothesisin sec-
tion 4.Wetestourhypothesis in section5 with acomprehensivecase
studyapplyingONA to harvestinformationabout a valuableOM re-
source:CoPs.Wegeneralizetheapproachin section6 andwediscuss
further implicationsof this approach to supporting OMs in 7 where
we alsopoint to futurework.

2 Related work

In theKnowMore OM [2], meansfor semi-automaticallyconstruct-
ing theunderlyingontologieswereinvestigated.Theauthorsdescribe
an interactive thesaurus-basedmethodology for ontology construc-
tion whichis realizedin adesignatededitor. Theirfocusis onextract-
ing (semi-)automaticallyanontology from domain-specific texts. In
addition,the characterizationof knowledge itemsto be usedin the
OM is supportedby automatictools which attachmeta-datato the
text. Thiswill beusedin laterphasesof anOM’slifecyclefor guiding
the retrieval andstorageof relatedinformation.In our ONA-based
approachwe are not focusingon how to constructthe underlying
ontologies.As we will describein section4, we assumethesehave
beenconstructedbeforehand.Ourfocusisonhow to provideasmuch
informationaspossibleto the OM userfor initial set-up.However,
thereisanoverlapof interestsandmethodswith the(semi-)automatic
ontologyconstructionwork donein AKT reportedin [44].

The work describedin [27] is the closestto the ONA approach.
The authorsdescribethe informationretrieval processasa “select”
operationon databasequerylanguageswith appropriatesearchcon-
ditions formulatedwith respectto “(i) meta-datagiven in the infor-
mation ontology (which information resourcesto consideror how
old informationto retrieve),(ii) specific-context information(employ
sophisticatedsimilarity measuresfor comparisonof actualquerysit-
uation and context factorsof knowledge sourcesdescribedin the
OM), and (iii) the content searchedfor.”. However, their retrieval
techniquesare basedon annotationsand their similarity measure
algorithmsexplore only onedimensionof the underlying ontology
network: the subsumptiondependencebetweennodes,i.e., class-
subclassrelationships.To allow usersto customizetheir search,they
provide application-specific heuristicsearchbasedon the notion of
‘heuristic expression’.The userscan formulatetheir own heuristic
searchformulaebasedon a standardtemplateformula which takes
asinput a setof nodesof theunderlying directedgraphandfor each
nodefollows the links specifiedin the formula in a left to right or-
der, delivering at eachstepan intermediaryset of nodes as a new
startingpoint for thenext step.Although this optionallows usersto
customizetheir search,theactualretrieval is basedon thesamesub-
sumptionmechanism.On the otherhand,aswe describein section
5, ONA allowsamultidimensionaltraversalof nodesin theontology

network with thresholds,traversalpaths,and startingnodesbeing
user-defined,if desired.

In [6], Atlhoff andcolleaguesproposeamethodfor OM Improve-
ment(OMI). They arguefor a methodwhich supportsuserfeedback
asa way of improving OM over time. In their comprehensive analy-
sisof factorsthatdeterminetheusefulnessof anOM they identified
theselectionof knowledgeto beincludedin theOM asanimportant
one:

“[conceptual knowledge]determineswhatandhow experience
storedin theOM playsamajorrole regardingtheusefulnessof
a system.”

They continue by arguing that “usersoften do not botherwith too
many questions,aproblemwhichusuallyarisesduringtheinitial set-
upof theOM”. TheconceptualknowledgeAlthoff andcolleaguesare
referringto is theunderlyingontology in our ONA-basedapproach.
To tackletheproblemof initial set-up,we useONA to populate the
OM automaticallywith themostimportantobjectsasidentifiedfrom
theirpopularity in theunderlyingontology. As in [6], wealsointend
touseacharacterizationof theobjecttobedisplayedin theOM along
with its popularity valueasobtainedfrom theONA. This textual in-
formation is much appreciatedby OM users[6], as it gives them
explanationsof theselectedinformation.Sincewe baseour method
on an ontology, we could easilyobtainthesecharacterizationsfrom
standard‘documentation slots’ which exist in mostontologydevel-
opmentenvironments.

Cohenandcolleagues [12], wereamongthefirst to investigatethe
useof metricsfor ontologies.In thecontext of theHPKB USproject
[14], ontology metricsweredefinedto measurethe level of reuseof
ontologicalconceptsin applications.For example,whenever a new
axiom was addedin the application’s knowledge base,the metric
calculatedthe ratio of reuseof existing ontologicalconcepts in the
newly addedaxiom. For ONA we usea spreadingactivation algo-
rithm to all ontologyconstructsanddo not definespecificmetrics.

3 The problem of resources selection

Despitetheresearchreportedabove, a majorproblemwheninitially
setting-upanOM remainsunsolved:how to selecttheright resources
to includein an OM? This problemhasbeenidentifiedin field sur-
veys [17] aswell asin implementedsystems(e.g.:[2], [6]). This is
a multi-facetedproblembecauseit is not only concerned with the
elicitationof resourcesthatwill bepresentedto theuseror usedfor
retrieving relevant information.Theseresourcesarealsooften:

� usedby othersystemswithin theorganization,which incidentally
alsoserve usersin their questfor valuableinformation;� ‘unspecified’,in thatthey arevaguely expressed, needto becom-
posedby a number of relatedresourcesor areexternalto the or-
ganization;� andoncetheseresourcesareidentifiedandput into usethey actas
a qualitative measurefor theOM.

Thatis, if anOM’susersarenotsatisfiedwith thequalityof informa-
tion presentedto them,it is unlikely that they will return,especially
when thereare other conventional information-seeking systemsin
theorganizationthatusersusedto usebeforeconfrontedwith anOM.

A wayof tacklingthisresource-selectionproblemis by identifying
thepurposeof theOM: whataretheusers’needsandwhatwill the
OM beusedfor. This hasbeenreportedasoneof thefirst phasesin
building anOM [17]. Thetechniquesandmethodsfor achieving this



ratherambitiousgoal aremostly taken from requirementsanalysis
andelicitation research.They stemfrom ComputerSupportedCol-
laborative Work (hereafter, CSCW) research,from systemsdesign
research,andfrom thecognitive scienceliterature.

However, weshouldbecautiouswhenwearecallinguponrequire-
mentsengineeringto elicit theneedswhenbuilding anOM. As Zave
andJacksonreportin theirsurvey [47], vagueandimpreciserequire-
mentsarealwaysdifficult to formalizeandsubsequently convert to
specifications,in the early phases of software development2. This
refinementis necessary, theauthorscontinue, “to bridgethegapbe-
tweenrequirementsandspecifications”,thusemerging with a speci-
ficationthatcouldsatisfyusers’needsandmeettherequirements.In
thecaseof OMs, we shouldexpecttheserequirementsto be incom-
pleteandvague. In addition,asDiengandcolleaguesreportin [17],
building OMspresumesthatwewill re-usemethods,approachesand
techniqueswe have appliedin thepastin otherdomains:

“(1) corporate memoriesare not entirely new systems;they
areadaptations,evolutionsor integrationsof existing systems;
(2) before conceiving memories,the proponents or usersof
the solutionshave taken part in the designof other typesof
systems(knowledge-basedsystems,CSCWsystems,etc.),and
they have transferredthesolutionsthey alreadyknow. Most of
thesolutionscanthusbeconsideredasadaptations of existing
solutions.”

Thevaguenessandincompletenessof requirementsfrom prospec-
tiveOM usersledsomedesignersto decideto build theirOM around
an existing workflow processengine, asfor examplein the Know-
More OM. We discussthe adaptabilityof this approach andits ad-
vantagesof achieving a ‘nearperfect’integrationwith existing IT or-
ganizationalinfrastructureandsatisfyingusers’(pre-defined)needs
further in section7, but for now we would like to focuson the im-
portanceof having a ‘comprehensive’ OM from its initial set-up.By
comprehensive we meananOM that includesa lot of resourcesthat
havebeenautomaticallyextractedratherthanwaiting theuserto ini-
tiatetheextractionprocess.Theside-effectof having thissortof OM
in placeis thatwe cantacklethe ‘cold start’ syndromeidentifiedin
[19] in whichtheauthorsreportedthatthey hadrelatively few knowl-
edgeassetsin their OM duringthefirst operationalmonthwhich led
to low accessratesfrom its usersasthey couldn’ t seethevalue-added
of the OM. Theproblemwaseventually solved,but at a cost:more
systemsandmethodshadto beusedto chaseusersfor contributions
in orderto enrichthecontentof theOM, thusleadingto anincrease
in theOM’s knowledgeassetsandconsequently in increasedaccess
figures.

In the following sectionwe elaboratehow our methodsetsup a
comprehensive OM in anautomatedfashion.

4 Seeding the OM

Thebasisof oursolutionis ontologies.Theseconsensualrepresenta-
tionsof theimportantconceptsin somedomainof interesthavebeen
studied,developedanddeployed for over a decade now in various
fields andapplicationsin academiaandindustry. Their usein OMs
hasbeenadvocatedin field surveys [1] andin appliedOMs (see,for
exampletheKnowMore OM [2], theEULE2 system[40], or thein-
tegrationof ontologiesandExperienceFactories,a form of OM, for
improving maintenance[23]). Ourhypothesisis thatsincewealready
useontologiesin OMs for thepurposesof semanticinteroperability
�

In our case, theearly phaseof developinganOM.

andreuse,we could alsousethemin otherways.We could analyse
theirstructureby takinginto accountrelationshipsbetweentheircon-
structs,basedon a tunablespreadactivation algorithm,yielding the
nodesthataremost“popular”. Theseareassumed,in theabsenceof
contradictingevidence,to bethemostimportantones.Thespreading
activation algorithmalsoidentifiesnodessimilar to a specificnode.
This is thepremiseunderlyingour hypothesis.

It could be arguedthat our analysisis not a qualitative one,but
merelyaquantitativeone.However, asCooperarguesin [16], quality
canbemeasuredin two ways,in termsof popularityor importance.
Ouranalysisyieldsconceptsthatarethemostpopularin thenetwork,
andsincethe network is about an ontologywhich by default repre-
sentsimportantconcepts, thentheseconceptsarealsoimportant.

To operationalize our hypothesis,we assumethat (a) ontologies
will be availablein theorganizationin which we want to deploy an
OM, and(b) thesewill bepopulated.It is clearthattheseassumptions
arestrongandindeedareongoing researchissuesin theknowledge
engineeringcommunity, especiallythe latter. However, we should
acceptand anticipatethat ontologies are popular in organizational
settingsnowadays, in the form of databasesystems,other knowl-
edgesharingformalismsmorecommonto the AI researchcommu-
nity (e.g.:KIF) or indeedin emergingsemanticwebstandardformats
(e.g.:RDF(S)). As anopenresearchissue,wearealreadyin AKT in-
vestigatingwaysof (semi-)automaticallyconstructing ontologies.

Usingontologiesasthefoundation for anOM is notauniqueidea,
but theuseof ONA to provide initial informationfor populatingthe
OM is novel. We shouldalsomentionthat usingan ontologyat the
startof anOM’slifecycleallowsusto providesupport to usersin for-
mulatingtheir queriesfrom an early stage.Normally, usershave to
formulateinitial queriesunaidedsincethereis no prior information
available,asno retrievalshave beenmadeyet. In applyingONA, we
supportusersin formulatingqueriesby providing themwith ontolog-
ical informationregardingthe startingnodefor initiating an ONA-
basedsearch.This informationis readilyavailablein existingslotsin
theunderlyingontology(suchasthedocumentationslot).

5 ONA

In this section,we setout the principlesunderlying ONA, andthen
demonstratean applicationof the method— gatheringinformation
on CoPs.In section5.2,we thensetout theopportunitiesandprob-
lemsthatcharacterizethestudyof CoPs.Finally, in section5.3,we
setoutanapplicationof ONA to theproblemof kick-startinganOM
for aparticularCoP.

5.1 Principles of Ontology Network Analysis

ONA [5] is the technique of applying information network analy-
sis methods to a populatedontology to uncover certaintrendsand
objectcharacteristics,suchasshortestpaths,objectclusters,seman-
tic similarity, objectimportanceor popularity, etc.A varietyof such
methodshave beenexploredin thepastfor differentinformationre-
trieval purposes.ONA investigatestheapplicationof thesemethods
to analysethenetwork of instancesandrelationshipsin aknowledge
base,guidedby the domainontology. Therearemany methods of
studyingnetworks,andof coursemany typesof networksthatcanbe
studied(cf. [33]). However, the advantage of studyingontologiesis
that the relationsthereinhave semanticsor types,andthereforethat
thesemanticsprovide anothersourceof informationover andabove
connectivity or simplesubsumption.This semanticinformationcan
be taken accountof whenperforminga network analysis,allowing



“raw” resultsto berefinedon a relatively principledbasis.An ONA
exampleapplicationis describedin section5.3andanexamplealgo-
rithm is detailedin [5].

ONA methodscanbeharnessedto addresstheresourcesselection
problemin building OMs (section3), by usingpopulatedontologies
alreadyin placein organizationsto selecta setof importantandin-
terestingresourcesto featurein a new OM. Thefact thatthemethod
is automatictakessomeof the burdenof OM development from its
usersor managers,andallowssomequalitycontentto beput in place
prior to use,therebyincreasingthelikelihoodof earlytake-upby its
users.

Being automatic,ONA is not, of course,foolproof or infallible.
Many points of interestin an organization’s ontology will not be
spottedby themethodsinvolved,especiallyif theontologyis in some
way incomplete,andfails to cover the objectdomainfully in some
importantrespect.Clearly, ONA cannotbe the only principle used
to populatean OM. However, by extractingsomeinformationfrom
anontology, ONA canbeusedto suggestaninitial setof interesting
concepts and relations.Certainassumptions must be madeto sup-
port theuseof ONA here,but astheOM develops,suchassumptions
canberelaxed,asthepopulation of theOM begins to happenby its
users.And userfeedbackasto the actualimportanceof the entities
uncovered will alwaysbeessential.

The ONA techniqueof interestto this paperis the applicationof
network measuresto anontologyto determinepopular entitiesin the
domain.Suchentitiescanbeeitherclassesor instances,wherepop-
ularity is (a) definedin termsof the numberof instancesparticular
classeshave (classpopularity), andthe numberandtype of relation
pathsbetweenanentity andotherentities(instancepopularity),and
(b) regardedasa proxy for importance.Clearly this latter claim is
onethat will not alwaysbe true.However, the working assumption
is thattheimportantobjectswill have a strongerpresence in a repre-
sentationof thedomain,andwill havea lot of key relationshipswith
many otherentities(they will actas“hubs” in thedomain)3.

Given a first passONA of an ontology, giving the mostpopular
entities,anOM developercanexploit userfeedback to honetheanal-
ysis.Two particularwaysof doingthiscanbeenvisaged.

1. Importantinstancescanbe selected— theseinstancesmay have
beencounted as‘popular’ underthe first passanalysisor not, as
the casemay be, and hencecould be manuallyselectedas im-
portantinstancesindependently of thegoverningassumptionthat
popularity= importance— andthe ONA performedoncemore,
this time measuringnot thequantity of relationsbetweenall enti-
ties,but measuringthequantityof relationsbetweentheselected
instancesandotherentities.

2. Relationscan be weighted accordingto their importance,and
the weightstransferredfrom entity to entity along the relation-
connection. Henceone relation (e.g. co-author-with) might be
weighted more highly than another more common one (e.g.
shares-office-with), whoserelevanceto thedomainin questionis
notashigh.In thatcase,theeffectwhenperforminganONA is to
privilege theentitiesthatenterinto thehighly-weightedrelations
asagainstthosethat do not. Thereare two (classesof) waysof

�
Onedoubtlesscommoncircumstancewherethis assumptionwill not bere-
liable would bewhereanontology is piecedtogetherfrom legacy datasets.
In sucha case,the mostpopular entitiesarelikely to be thoserepresented
in detail elsewherefor other purposes, whoseimportance may not carry
over into the currentapplication. Another point to noteis thatquantitative
information may be moreprevalent thanqualitative information, andthat
therefore entities thatenter into many quantitative relationscould beover-
valued.Weemphasiseoncemore:userfeedbackis essential.

differentiallyweightingrelations.

(a) First, relationscould be differentially weightedautomatically,
on similar lines to the selectionof importantentities,viz., the
relationsmost often filled with valuesin the knowledge base
will beweightedhigherthanothers.

(b) Alternatively, the weightscanbe fixed manually. This hasthe
advantage of beingsensitive to userunderstanding of the do-
main, and the disadvantageof being a complex and difficult
processthatcouldbetime-consuming, especiallyif therearea
lot of relationsabout.Of course,aswith entity-selection,anini-
tial cutusingautomatically-createdweightscouldberunpasta
user, who might suggestadjustments;this might be thecheap-
estmethodof gettingthebestof bothworlds.

In the next subsection, we discusscommunities of practice,and
thenwegoon to examinetheuseof aparticularspreadingactivation
algorithmto performan ONA in orderto extract informationabout
communitiesthatis latentin a domainontology.

5.2 Communities of Practice

CoPs’value in the constructionandmaintenanceof OMs hasbeen
acknowledgedby otherOMs developers.To quote[4]:

“[. . . ] employeessolveknowledge-intensivetasks(KITs) coop-
eratively asacommunityof practice,embedded into theoverall
businessworkflows andsupported andmonitoredby the OM
system.Applicationsusedand repositoriesfilled and queried
arethecloselyrelatedbasisof theOM environment,andvalue-
addedcareabout intelligent support for knowledge indexing,
distribution,storage,search,retrieval, andintegration.”

A CoPis aninformalgroupof individualswith acommoninterest
in a particularwork practice.Their interestshouldtake a particular
form: the individuals concerned shouldwish to improve their prac-
tice,eitherfor financialreasons(pickingupbonuses,or securingpro-
motion), or mereprofessional pride.The CoPthenplaysa number
of roles.First, the individuals in it will meetinformally to discuss
particularproblemsand issuesfacing the practice;in this way the
CoPfostersacommonappreciationandcharacterisationof theprac-
tice.Second,particularsolutionswill bedemonstratedandevaluated
within theCoP;theCoPthereforefostersinnovation, partly through
thesharedunderstanding of problems,andpartly through theevalua-
tion “process,” which is likely to berigorousandcompetitive.Third,
the informal natureof the contactsmeanthat,almostautomatically,
innovationswill be built on by interestedotherswho “tinker with”
or improve them; informality meansthat restrictive practicessuch
aspatentingor licensingtendnot to beinvoked within theCoP, and
thereforethatinnovationverynaturallybecomesacollaborative pro-
cess.Fourth,new exponentsof thepracticecanusetheCoPasanim-
portanttool for situatedlearningof thepractice.After training,most
effective learningtakesplace“on the job,” asnew practitionersdis-
cusstheirproblemswith their fellows,or learnfrom their colleagues
how to integratethe practicewith the rest of their businesswork-
flow; in suchaway, theCoPbecomesarepositoryanddissemination
mechanismcombinedfor bestpractice[45].

A CoP contrastswith other, more formal structuresthat centre
rounda practice[15].

� Functionalgroupsspecializein particularfunctionswithin anor-
ganization,for example,marketing,administration,securityor fi-
nance.The agentsform a homogeneousset,drawn togetherby



disciplinaryspecialization,andareorganizedin hierarchies;the
purposeof thegroupis not to producelearning,thoughof course
new recruitsachieve situatedlearning.Thehierarchicalstructure,
andoften a sharededucational background, keepsthe group to-
gether.� Teamsarealsowell-definedwithin organizations.They aremade
up of individualsbrought togetherto carryout a given task,each
chosenbecauseof somespecialistskill that is assumedto be re-
quiredfor the task’s performance. Hencethe membersof a team
arehighly heterogeneous,andtheteam’s managementwill bein-
tendedto integratetheirfunctionalknowledge.Learning,if it takes
place,is unintended, and tendsto be via the interactionsacross
functional specialities— a specialistmight cometo understand
the constraintson, and the requirements and responsibilities of,
his colleagues.The team’s life is normally not extendedbeyond
theachievement of thetask’s goals.� A networkconsistsof individualsacrossorganizationswho have
interestsin working together, for example,in a roughsystemof
producer interests,someof whom provide components,partsor
expertisefor a final manufacturer;the function of the network is
to bring togethersuppliersandconsumersof particulargoodsor
servicesto facilitatenegotiations,or to cut purchaseoverheads,
e.g. information-gatheringcosts.Sucha network is madeup of
heterogeneousagents,andfocusesontheexchangeof knowledge,
perhapsencodedin price signals.The requirement for comple-
mentaryknowledge keepsthecommunity going,anda necessary
conditionof this is a high level of mutualtrust.� Epistemiccommunitiesarerelatively formalgroupsof agentswho
produceknowledge, or codesfor expressingknowledge, from
somepositionof authoritythatmaybeformal (e.g.a professional
association),or more informal (e.g. basedon particularagents’
positionsof eminence).Differentintereststendto insiston repre-
sentationin suchforums,andhencethe makeupof sucha com-
munity canbequiteheterogeneous.Suchcommunities oftenplay
a widerpolitical role,andcanbethe“public face”of a discipline.
Recruitmentto suchgroups is founded on peerapproval.

In contrastto thesetypesof group,CoP’s members— it hasan
informal,self-selecting,largelyhomogeneousmembership— arein-
terestedin increasingtheirskills,andin accumulatingandcirculating
bestpractice.As a result,a CoPis an excellentvehiclefor situated
learningof thepractice[45].

Whenwe considerwhich typesof groupareof interestfor OMs,
thenthecomparisonis very instructive. Organizationallearninghas
a dual aspect[8]. “Single-looplearning” is an organizationallearn-
ing processwherebyknowledgeis obtainedto solve problemsbased
on an existing and well-understoodmodel of the domain,in other
wordsa routineprocess.“Double-looplearning” involvestheestab-
lishmentof a new setof paradigms, models,premises,representa-
tions or strategiesto supersede the existing models, to improve the
organization’s responseto existingproblems,andto enabletheorga-
nizationto addressnew problems.Thesetypesof learningarecalled
“LearningI” and“LearningII” by Bateson[9].

As NonakaandTakeuchipoint out ([31], p.45),oneproblemwith
theadoptionof thisapproach to learning— usefulasit hasbeenin a
numberof respects— is thatit seesorganizationallearningasa pro-
cessof adaptationto externalstimuli that involvesthe development
andmodificationof existing routinessupportedby OM, notasapro-
cesswhereknowledgeis created.Evenwhensucha view is taken,it
canbe difficult for insidersto spotthe right momentfor attempting
seriousknowledgecreation,exceptby makingsuchaprocessroutine

— in which caseof coursethereis no guaranteethattherewill beno
period when either (a) knowledge acquirableonly by double-loop
learningis requiredbut not available,or (b) an expensive double-
loop learningprocessis initiated for which there is no immediate
requirement.

Part of the trouble is that muchlearningtheory, asin epistemol-
ogy generally, hasasits focusthe individual [10, 32]. The problem
hereis that whenthis focusis transferredto actualcasesof organi-
zationallearning,the complexity of the collective learningprocess,
which cannotstraightforwardly be reducedto a simpleaddition of
learningprocessesfor the individualsin theorganization,cannotbe
properlyrespected.Thekey to implementingeffectiveorganizational
learningprocessesis to understandthe organizationin termsof the
collectivesthat make it up, the overlapping groupsthat were listed
above; learningacrosstheseorganizations,then, is a complex pro-
cessof interactionbetweentheseheterogeneousentities[10, 45, 15].

One importantrole for OM, therefore,is to act as the informa-
tion storagebuffer betweentheseoverlappinggroups. In that event,
a key factorfrom thepoint of view of creatingor seedinganOM is
the availability of variousresources.In general, the moreformal a
group,themorelikely it is thatrelatively tractablesourcesareavail-
ablefor populating anOM. Therearetwo reasonsfor this: first, for-
mal functionslendthemselvesto carefulmanagementthatcantrack
eventsand leave a highly visible audit trail, andsecond,their very
formality placesthoseevents on the management radar. In contrast,
informal groups, by their nature,areoften undetectedby manage-
ment, and their “memory” may well boil down to the sum of the
non-metaphoricalpsychologicalmemoriesof theirmembers,with all
thepotentialproblemsthatthis implies.

In particular, a functional group,say, or a team,is barely likely
to have a life outsideof their working existences.For example,the
formerhasastricthierarchicalstructure,which regulatesthepermit-
tedinteractionsbetweenmembers— adivisionof labourintendedto
increaseefficiency — to a seriesof delegations,asthetaskis under-
stoodat increasingly lower levels of abstractionaswe move down
the hierarchy. Eachlevel of the hierarchymight well, by contrast,
form a CoP, and may have links not only acrossequivalent nodes
in the functional grouphierarchy, but alsowith equivalent levels in
hierarchiesof orthogonal functionalgroupswithin theorganization,
or with similar levels in relatedfunctionalgroupsin otherorganiza-
tions.Herethe CoP, parasiticon the functionalgroup, is formedby
peoplewishingto understandtheprocessof, in thiscase,receiving a
taskdescriptionat onelevel of abstraction,anddecomposingit into
subtaskswhich canthenbe delegatedto availableresourcesfurther
down. The OM of the functionalgroup will consistof the decom-
positionsanddelegations,togetherwith thefeedbackthatpassesup
the hierarchy;creatingand maintainingsuchan OM is, of course,
non-trivial. But theOM of theCoPis notsomethingthatwill sponta-
neouslyappear, consistingasit doesof informal chatsandretellings
of “war stories”aroundthephotocopieror in thepubafterwork.

Similarconsiderationsapplyto teamsandepistemiccommunities.
Eachconsistsof heterogeneousagentsbrought togetherto carryout
aparticulartask,or open-endedseriesof tasksin thecaseof theepis-
temiccommunity. In thatevent,theactualwork of theteamor epis-
temiccommunity generallytakesplacein formalscheduledminuted
meetings.Convertingthis relatively stableresourceto anOM proper
is, nodoubt,problematicin variousways,but thereis at leasta fairly
straightforwardway to begin to populatetheOM. Ontheotherhand,
the informal work donethat pertainsto the teamgoeson within re-
latedCoPs.Teammembersgo back to their informal CoPs,trans-
mitting new knowledge abouttherequirements of peoplewho carry



out differentfunctions,andtinkering with new waysto incorporate
suchexogenous requirements.The knowledgecreatedby a teamor
epistemiccommunity is analogousto thegearsof anengine,whereas
theknowledgeof theCoPis analogousto theoil; theformeris much
morevisible thanthelatter, but will eventuallyseizeup andgrind to
a halt if thelatteris not present.

As a resultof suchconsiderations,CoPsareseenaskey elements
in the efficient working of an organization,and as key agentsin
knowledge management [45, 18, 34]. Well-known companies that
havenurturedCoPsincludeHewlett-PackardConsulting,Arthur An-
dersen,Accenture,ErnstandYoung,BP, Caltex, Chevron, Conoco,
Marathon,Mobil, PDVSA, Shell, Statoil, TOTALFINAELF, Intel,
Lucent, Siemens,Xerox, IBM, the World Bank and British Tele-
com[41, 26]. SmithandFarquhargive a detailedexampleof theuse
of CoPsin the oil industryconsultantsSchlumberger [41]. Schlum-
berger supports the development andmaintenance of an OM for its
oil engineering CoPby providing what is calleda knowledge hub,
consistingof a seriesof technologiesdesignedto supportworldwide
connectivity betweenthoseengineers,andto fostera culturethaten-
couragesits use;suchtechnologiesarerelatively straightforward—
email,theweb,bulletin boards, togetherwith datamanagement sys-
tems,projectarchives,expertisedirectoriesandsoon. Maintenance
of thedifferentpartsof theknowledgehubis detailedspecificallyto
knowledgechampions, people responsible for animatingthecommu-
nity, encouragingparticipation,reportingsuccessesetc.([41], pp.22–
27).SmithandFarquharareclearabouttheimportanceof populating
suchresources.

“Justbecauseanintranetportalhasbeenbuilt filled with world-
classtechnology, it is notagiventhatcommunitymemberswill
flock to it. Do not overwhelmthemwith all the featuresthat
computerscientistscanthink of that“clearly” wouldbebenefi-
cial. Instead,be cautious.Determinefirst what technologythe
communitymembersactuallyuse.. . .
An up-frontinvestmentis requiredto seedtheinitial knowledge
repository. It is difficult, if not impossible,to convincecommu-
nity membersto contributeto anemptyshell.. . .Not only must
therebe contentfrom the launchdate,but it must be quality
contentaswell.” ([41], p.28)

This vision of the creationof a CoP memorybeginning with a
seedingprocessis sharedby Marshall and colleagues [28], where
their conceptof a communitymemory, theopen-endedsetof knowl-
edgeand sharedunderstandingsthat actsas the CoP’s intellectual
glue, mapspretty well onto the CoP OMs that we have beendis-
cussing.Thedaily activities of theCoPmembersareseenrefracted
throughthis community memory. Theproblem,asthey seeit, is that
as the communitydevelops, the memory grows so that the main-
tenancetaskbecomesoverwhelming; simultaneously, however, the
memoryis growing stale,with inconsistencies,redundanciesandir-
relevanciesproliferatingasthefocusof theCoPchanges,andasthe
CoP needsto maintaincontactwith exogenous sourcesof knowl-
edge,suchasthewebor otherlarge-scaleinformationresources.In
thatcase,therewill have to bea processof purging, togetherwith a
restructuringof a trimmeddown OM.

However, suchseedingrestructuringprocesses, as advocatedby
[41, 28], are renderedmuch morecomplex by the informal nature
of theCoPitself. Too firm a smackof managementwill destroy the
informal natureof theCoP— andthereforemake it muchmoredif-
ficult for theCoPto supporttheinvisible, informal partsof thework
process[45]. CoP managementis a delicateprocess,and various
methodshave beensuggestedfor doing it [46, 29]. Thesemethods

all begin with oneof themostdifficult aspectsof managinginformal
communities— discoveringtheextentof thecommunity itself.

5.3 ONTOCOPI

To this end, we have applieda particular instantiationof ONA to
attemptto isolateCoPswithin organizationsdescribedby ontologies
[33]. Theroughideais to useanontology-basedspreadingactivation
algorithm to searchthe knowledgebase,moving from instanceto
instancealongrelationshipconnectionsasdefinedby the ontology.
Thesystemis calledONTOCOPI (ONTOlogy-basedCommunityOf
PracticeIdentifier),andis currentlyimplementedasa Protege([20])
plug-in aswell asa standalone Webaccessibleprogram.

Spreadingactivationwasfirst introducedby Quillian [38] to sim-
ulatehumansemanticprocessingin a machinesubsequently it has
formed the basisfor many information retrieval methodssuch as
semanticsimilarity measures,Web analysisalgorithms,community
identification, case-basedreasoning,etc. ONTOCOPI’s algorithm
combinesandimprovesideasfrom previouswork onsimilarity mea-
sures,suchasshortestpathmeasures[39], multi-pathtraversal[36],
andconstrainedspreadingactivationmethods[13]. ONTOCOPI’sal-
gorithmcanmakeuseof theontology to makedecisionsabout which
relationshipsto selectandhow they shouldbe valued.Ontological
axiomscanalsobeconsultedin therelationshipselectionprocess.

Somecaveatsmustbe pointedout here.Relationshipsin ontolo-
giesaremostly of a formal nature.CoPshowever, tend to have an
informal nature,which is oneof themajordifficultiesfor CoPman-
agement(section5.2).Thetraditionalmethodusedto identify CoPs
mostoften4 appearsto bemoreor lessstructuredinterviewing ([46],
pp.8–10) and recentlySol and Serraproposed a multiagentWeb-
basedapproach ([42]). The ONTOCOPI assumptionsabout CoP
identificationattemptto getaround this time consumingactivity.

A formalrelationshipcanstandasproxyto aninformalone.Hence
we caninfer that two peoplewho co-author a paperaremorelikely
to bemembersof thesameCoP. If two CoPmembersactuallyshare
no formal relationships(at least,no formal relationscapturedby the
ontology),thenany vectoradditionof formal relationscanalsostand
proxy for informal ones.Henceif A co-authored a paperwith B,
who works on a projectwith C, thenit may be inferredthat A and
C,whohaveno formalconnection,aremorelikely to bemembersof
thesameCoP. Totalaccuracy, of course,is impossiblefor aninformal
andrapidly-evolving socialgrouplikeaCoP;furthermore,theaimof
ONTOCOPI is only to supportCoPidentification,a very expensive
operationin its own right [46]. A certainmeasureof indeterminacy
is inevitable.

Anotherfact of importanceis that ONTOCOPI can’t identify re-
lationshipsthat aren’t there:if two peoplein the sameCoPsimply
have no formal relationshiprecordedin the ontology, andno chain
of formalrelationslinking them,thentheirco-membershipcannot be
found.The informationhasto be in the ontologyfor ONA to tease
it out.Finally, ONTOCOPI can’t distinguishbetweenCoPs.If some-
oneis abroker, i.e.apersonwhofunctionsin two separateCoPs[45],
thenONTOCOPIwill tendto pick up theunionof thetwo CoPs(al-
thoughthe settingscanbe modifiedsomewhat to try to ameliorate
thisdifficulty — seebelow).

It follows that ONTOCOPIcannot infallibly identify a CoP. But
then a CoP is in many ways indeterminateanyway. ONTOCOPI,
however, doessupport CoPidentification,a resource-heavy taskthat

�
Exceptin organizationsdefined around a CoP, which mayincludeSchlum-
berger[41].



Figure 1. A screenshotof ONTOCOPIasa Protegeplug-in.

maybealleviatedto someextentby thenot-so-subtleassumptionthat
formal connectionscanapproximateinformal relationships.

The interfacecanbe seenin figure 1. As a prototype, we do not
claim thatthis is in any way optimal,but it indicatestheinformation
it cangive.Thepanelon thefar left shows theclasshierarchyof the
ontology. Thepanelnext to it shows theinstancesof aselectedclass.
Fromthis panel,aninstancecanbeselectedto bethe“centre” of the
CoPinvestigation(i.e.,therelationsradiatingoutfrom thisindividual
will bethoseusedasthebasisof theCoPidentification).Thepanels
on theright handsidesetthe relationweightsandparametervalues
(e.g.,thenumberof links thealgorithmwill spreadto). Clicking the
‘Get COP’ button will setthealgorithmgoing.The centreright top
paneldisplaysthecurrentcalculations,andcentreright bottomdis-
plays the weightsthat have beentransferredto other instances,in
descending orderof weight(i.e.a roughspecificationof theCoP, the
main outputof ONTOCOPI). In this diagram,the CoPof Shadbolt
hasbeeninvestigated,andONTOCOPI hassuggested, in descend-
ing orderof preference, O’Hara, Elliott, Reichgelt, Cottam, Cupit,
Burton andCrow, thenthe Intelligence, Agents,MultimediaGroup
of which Shadbolt is a member, thenRugg andsoon.

Order is important,so are the relative weights.O’Hara scores
13.5;this is meaninglessexceptin thecontext of a particularsearch.
Here,13.5is verygood, twicethescoreof thenext candidate.Onthe
otherhand,theusermaybemoresuspicious of theorderingof, say,
Tennison, who scores2.0, and Motta, who scores1.5. The figures
themselveshavenoconstant interpretation(exceptin termsof theal-

gorithm);it is for theusersto takethesuggestionsandinterpretthem
accordingto their own understanding of the structureof their CoP.
HenceONTOCOPI,to reiterate,only supportsCoPidentification.

The relationweightscanbe createdautomaticallybasedon fre-
quency, or createdartificially. In thisrun,theweightswerecalculated
automatically, with themostfrequentlyusedrelationgettingweight
1, thosenot usedat all getting0, andthe othersbeingallocatedac-
cordingly. This, then,might bea first run; a secondrun might adjust
the weightsmanually, perhapsgiving somelessusedbut important
relationshigherweights.

The algorithminitializes instanceweightsto 1, and thenapplies
a breadth-firstspreadingactivation search,going throughall the re-
lations,andusingtherelationweightandthe instanceweightof the
departurenode, transfersmoreweightto thearrival node.It thencon-
tinuesthesearch,this time out from thearrival node.Instancesthen
accumulateweight accordingto thenumbersof relations(or chains
of relations)they have with the initial instancechosento start the
process;thelongerthechain,thesmallertheweighttransferred;the
weightiertherelation,thelargertheweighttransferred.Henceashort
distance,or asignificantconnection,with thebaseinstancewill tend
to pushan instanceup the batting order. In the example,O’Hara
haswritten a lot of paperswith Shadbolt — many individual rela-
tionsof ahighly significantkind in thiscontext (indeedthispaperby
its very existencehasalreadyincreasedO’Hara’s score,aswell as
thoseof Alani andKalfoglou). Shadbolt hasfew direct connections
with Gaines, but their transitivelinks aremany andvaried,andhence
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Figure 2. Applying ONA at differentphasesof OMs: to pushknowledgeto usersaswell ashelpdeveloperstunetheir OMs.

Gainesappearson theradar.
The“raw” algorithmcanberefinedaccording to userfeedback—

recall that userfeedbackis essentialwith ONA. Manual settingof
relationweightshasalreadybeenmentioned. Otherwaysto control
variablesinclude:

� Temporal considerations, if they aremodelledin theontology, can
be factoredin. For example,the relationsmight only be consid-
eredif they wereextant, say, in the last 5 years.[5] shows how,
on this interpretation,Shadbolt’s CoPhasalteredover thelastfif-
teenyears,beginning in the mid 80swith a numberof psychol-
ogists,who graduallyfall out of the pictureaswe move towards
the present,when AI and later knowledgeengineeringand KM
concernstake over as Shadbolt’s academiccareerevolved; new
peoplebecomecolleagues,or becomeconnectedto Shadbolt by
othermoreor lesscircuitousroutes.� Filtering out “hubs” . Oneproblem,alreadyimplicitly mentioned,
is that of “hubs”. A hub, in this context, is a highly-connected
personwith lotsof relationswith otherpeoplethroughwork, pub-
lishing,or whatever. Suchpeoplecarrya lot of relative weight—
in moreways thanone— andso cansometimesskew the CoP
by transferringan inordinateamountof weight to the instances
with which they are connected.The ONTOCOPIalgorithm can
constrainthe weight transferbasedon the level of connectivity

of suchpeople.This allows the comparisonof CoPsto seewhat
contribution certainpeoplemadeto them.� Privilegingof classes. Particularclassescanbeselectedto identify
the conceptsof interest,and then the systemwill automatically
selecttherelationshipsthatinterconnecttheseclasses,andassigns
relationshipweightson thebasisof their frequency.� Differentialinitial weightingof instances. Thisis notimplemented
yet,but onecouldimaginealteringtheinitial weights,eitherman-
ually (selectingdefiniteCoPmembersandruling outdefinitenon-
members,and increasingthe value/devaluing all their relation-
shipsaccordingly), or automatically(e.g.,increasingthe weights
of paperswhich containedcertainkey wordsin their titles or ab-
stracts).

Onecouldimaginemany moreadjustmentsto refinethebasicpic-
ture.Theappropriaterefinementsin a particulardomainwill depend
on thefeaturesof thedomainitself, andwhat is capturedby theon-
tology.

We have describedone way to apply ONA to the problemsof
resourceselectionfor OMs. In the next section,we move on to a
genericaccount of therelationbetweenONA andOMs.



6 Generalising the method

In figure 2 we depict a high-level diagramof an OM. This is not
meantto be a referencearchitecturefor OMs, suchas the one de-
pictedin [25]. This figureemphasizes thedual role of ONA andthe
supportive roleontologiesplay in ourscenario.On theleft-handside
of thefigurewe have usersof anorganizationperformingtheir reg-
ular tasks.In the centrewe have an OM which is composed,at this
abstractlevel, by two interfacesto usersandOM developers,a port
to external resources,and internal resources existing in the organi-
zation’s repositories.The latter could have several forms, ranging
from tacitknowledgepossessedby expertsto explicit knowledgeex-
pressedformally in KBs or databases. In the centreof our abstract
OM, lie theontologieswhich underpintheentireOM. Theseareei-
therexisting resourcesor areconstructed(semi-)automaticallywith
theaidof knowledgeacquisition,retrieval andmodellingtechniques.
We do not refer to thesein this paperasour focus is on the useof
ONA: thetwo rectangularboxesdenoting“ONA” areplacedbetween
theontologiesandOM interfacesto usersanddevelopers.Thegener-
icity of ONA makes it possibleto useit for pushingknowledge to
usersbut also as an aid for the OM’s developers. They could ap-
ply ONA to theorganization’s ontologiesin orderto identify which
concepts shouldbepresentedto certaintypesof users.For instance,
assumingthat there is a workflow enginein the organization,and
developersarelooking for waysof linking the OM to it, they could
eitherengagein modellingtechniques suchasthoseusedin linking
the KnowMore OM with workflow processes[2], or they could use
ONA to help themidentify which conceptsfrom theunderlyingon-
tologiesaremappedontotheonesof theworkflow’s processes.This
activity requiresinspectionandfamiliarizationonly with oneendof
the prospective link: that of the workflow processes.The developer
then,usestheconceptsfoundin theworkflow processesasastarting
nodefor his/herONA. This could reveal whetherfurther linking is
feasible(or otherwise),thussaving development time andallowing
developers to deal with ontologiesthat they are not familiar with.
Theapproachtakenby theKnowMore OM, requiresa carefulanal-
ysis andpossibly, modellingof workflow processesandontologies
beforea link betweenthemcould be implemented.ONA can ease
theanalysison theontologyendof thisprospective link.

We also include two curly dottedarcs in figure 2 linking users
with the OM. Thesedenoteusers’ feedbackand input. This is an
important,probablythe most important,elementof any OM archi-
tecture.As Althoff and colleagueshave shown in [7], an OM can
be improved over time by userfeedback and input. In our abstract
architecture,weenvisagelight-weightfeedbackmechanisms,imple-
mentedasthin Web-clients,accessiblethroughWeb browsers,asa
meansfor eliciting feedback on an OM’s resources.An exampleof
suchtechnologyfrom theAKT projectis theDigital DocumentDis-
courseEnvironment[43] usedasa digital discussionspace.

Finally, the OM interfaceto its usersis light-weightandaccessi-
ble from distributedclientson the Web. We have developed several
suchinterfacesfor accessingour dedicatedtools in AKT. An exam-
ple, takenfrom theCoPapplication(section5.3) is illustratedin fig-
ure3. Two kinds of interfacesincludedhere:a dedicatedOM inter-
face,wheretheusercanstatepreferencesin selectingtheappropriate
nodeto searchfor relatedinformation,or therecouldbeacustomized
renderingof informationinto a user’s Webbrowser. Thelatteris ex-
tractedautomaticallyafterapplyingONA to theunderlyingontology,
whereastheformerrequiresuserinput to tunethesearchcriteria.

render OM resources in Web browsers

dedicated OM interface

Figure 3. Differentwaysof accessingOM’s resources: throughdedicated
Web-runinterfacesor via standard Webbrowsers.

7 Discussion and further work

In this section we elaborateon some implications and potential
caveats of our ONA. We categorize them in three broadly de-
fined areas:information overload,context-awarenessand domain-
independence.We critically review the applicationof ONA when
theseareasareconsideredin deploying OMs:

� Information overload: As Abecker and colleaguespointedout
in their KnowMoreOM, theprogressive andquery-basedinterac-
tion with the OM from initial set-upactsas“a safeguardagainst
unwantedinformationoverload.”[2]. Potentialdrawbacksinclude:
progressive interactionmeansthat the initial set-upwill suffer
from ‘cold-start’ syndrome,not enough informationwill beavail-
able;query-basedinteractionrequiresexpertiseanddomainfamil-
iarizationfrom theusersto getthemostoutof anOM. Theadvan-
tagesarediscussedbelow undertheheading ‘context-awareness’.
Thereisn’t a goldenrule to follow whenwe, asdevelopers,face
this dilemma.It is worth pointingout thoughthatusers,amidthe
bulk of informationONA pushes to them,arestill in control of
it. They canchangethesearchcriteria(namely, thestartingnode
in theONA algorithm),to meettheir preferences.Userscanalso
choosewhich relationsto traverseand their relative importance
(weights).Further, wesupportthischangeasmuchaspossibleby
ontologically-guiding theuserin choosingtheright startingnode,



asnod� esalwayscarry somesort of semanticinformationdrawn
automaticallyfrom the underlying ontology. So, it could be ar-
gued,this taskbecomesa pedagogicalexperience for usersapart
from easingtheir queryformulation.� Context-awareness: this has beenrecognized as the Achilles’
heel for OMs. One proposedremedy, advocatedby proponents
of marryingworkflow processesandOMs (see,for example[3]),
seemsto work well in settingswhereworkflow processes areei-
ther existing, or are relatively easyto identify andmodel.ONA
takesa differentapproach in tackling context-awareness.We do
not assumethat workflow processeswill exist, but we merely
rely on ontological resourceswhich we assumeexist or could be
constructed.Contextual relevancecan be achieved in a number
of ways thanksto the genericityof ONA. We could rely on ad-
hoctechnologies,suchasprofiling users’interestsby usingagents
[37] or by embeddingpersonalizationfacilitiesin thin Webclients
[24], or rely on identificationof users’tasks[11]. In addition,our
relianceonorganizationalontologiesgivesustheability to exploit
knowledgeaboutusersidentity(obtainedfrom system-entrylogs),
andthushelpguesstheir informationneeds.� Domain-independence: this is a desiredfeaturefor OMs. ONA
is not specificto any kind of ontology, or indeedto any ontol-
ogy at all! This makesit possibleto applyONA to morethanone
ontologyasare likely to exist in large organizations.As we de-
scribedin theprevioussection,we coulduseONA asa tool to as-
sistknowledgeengineersin decidingwhichontologiesto consider
for supporting theOM. This in turn, speeds-upthetaskof select-
ing appropriateorganizationalontologies.However, ONA will not
be the only tool to be usedin this process:in the caseof similar
or conflicting ontologiestheremight be a needto integratethem
or to resolve inconsistencies. In this case,ONA is only oneof the
many tools that knowledge engineers would like to have at their
disposalto tacklethesechallenges.

A numberof componentsdescribedin this paperarenot fully im-
plementedyet. As this is ongoingwork, we are in the processof
integratingseveraltoolsdevelopedin thecontext of theAKT project
to realizethegenericarchitecturedescribedin section6. Wehaveal-
readydesigned, developed anddeployed theCoPexemplarapplica-
tion in varioussettingsandarecurrentlyin theprocessof evaluating
it. We have alsodeveloped muchof the infrastructureneededto de-
ploy suchanOM: Webclients[24] andontologiesarereadyfor use.
We arecurrentlyworking on methods for maintainingtheseontolo-
gies,constructingandpopulating themasautomaticallyaspossible
[44]. Severalapplicationscenariosarecurrentlyunder consideration
oneof which would useOMs to accessheterogeneousresourcesand
push information to dedicatedmembersof a community. In these
scenariosweplanto usetheknowledge-sharinginfrastructuredevel-
opedin AKT [22].
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• SURYLGLQJ� DFFHVV� WR� DYDLODEOH� NQRZOHGJH�� H[SOLFLW�JUDSKLFDO� NQRZOHGJH� VWUXFWXUHV� KHOS� WR� JHW� DQ�LPPHGLDWH� RYHUYLHZ� RI� DYDLODEOH� NQRZOHGJH� ��SHRSOH�ZLWK�UHTXLUHG�H[SHULHQFHV���DQG�LQIRUPDWLRQ�� FRGLILHG�H[SOLFLW�NQRZOHGJH��.QRZOHGJH� PDQDJHPHQW� FRQVLVWV� RI� PDQ\� VXEWDVNV�OLNH� LGHQWLILFDWLRQ�� DFFHVV�� VWRUDJH�� XVH�� GLVWULEXWLRQ��HWF�� )URP� WKHVH� WKH� XVH� RI� NQRZOHGJH� LV� WKH� PRVW�LPSRUWDQW��:K\�VKRXOG�YDVW�DPRXQWV�RI�OHVVRQV�OHDUQHG�EH�VWRUHG�LQ�D�VHUYLFH�GDWDEDVH�LI�WKH�VHUYLFH�DJHQWV�GR�QRW� DFFHVV� LW"� :KDW� GRHV� LW� KHOS� WR� GLVWULEXWH�H[SHULHQFHV�RI�VXFFHVVHV�DQG�IDLOXUHV�LI�WKH�ZRUNHUV�GR�QRW�UHPHPEHU�WKHP�ZKHQ�D�QHZ�SUREOHP�DULVHV"�:KDW�GRHV� LW� KHOS� WR� VWRUH� SURGXFW� VSHFLILFDWLRQV� LI� D�WHFKQLFLDQ� GHYHORSLQJ� D� QHZ� SURGXFW� GRHV� QRW�UHFRJQL]H�WKH�DQDORJ\�WR�D�VLPLODU�VROXWLRQ"��$Q� LPSRUWDQW� FKDOOHQJH� IRU� XVLQJ� NQRZOHGJH� LV� WR�DVVHV� WKH� UHOHYDQFH� IRU� DQ� DFWXDO� WDVN�� .QRZOHGJH� LV�UHOHYDQW� LI� LW� KHOSV� WR� VROYH� WKH� SUREOHP� DW� KDQG�� 7KH�SUREOHP�FDQ�EH�FKDUDFWHUL]HG�E\�WZR�FULWHULD��
• 7KH�NQRZOHGJH�FRQWHQW��,W�LV�DQ�REYLRXV�GLVWLQFWLRQ�ZKHWKHU� ZH�PXVW� FDOFXODWH� WKH� SUHPLXP� RI� D� OLIH�LQVXUDQFH�� IL[� WKH� LQWHUHVW� UDWHV� RI� D� PRUWJDJH� RU�GLDJQRVH�WKH�HUURU�LQ�D�GHIHFW�FRPSXWHU�GHYLFH��
• 7KH� ZRUN� FRQWH[W�� 7KH� ZRUN� FRQWH[W� FRQVLVWV� RI�WKH� RYHUDOO� SURFHVV� DQG� WKH� SHUVRQV� LQYROYHG��$FWLYLWLHV�LQ�JHQHUDO�DUH�SDUW�RI�D�EXVLQHVV�SURFHVV��WKH� LQIRUPDWLRQ� JDWKHUHG� DQG� GHFLVLRQV� PDGH� LQ�SUHFHGLQJ� DFWLYLWLHV� RI� WKH� SURFHVV� KDYH� D�VLJQLILFDQW� LQIOXHQFH� RQ� WKH� UHOHYDQFH� RI�NQRZOHGJH�� )RU� LQVWDQFH�� WKH� SUHPLXP� RI� D� OLIH�LQVXUDQFH�GHSHQGV�RQ�WKH�PHGLFDO�ULVN�DVVHVVPHQW�

'LPLWULV�.DUDJLDQQLV� DQG�5REHUW�:RLWVFK�
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352027(� >�@� LV� D� PRGHO�EDVHG� DQG� ,7�EDVHG�DSSURDFK�WR�NQRZOHGJH�PDQDJHPHQW�XVLQJ�WKH�FRQFHSW�RI� DQ� RUJDQLVDWLRQDO� PHPRU\� LQIRUPDWLRQ� V\VWHP� WR�VWRUH� UHOHYDQW� LQIRUPDWLRQ� DQG� SURYLGH� SRLQWHUV� WR�SHRSOH�ZLWK�UHOHYDQW�NQRZ�KRZ���7KH� EHQHILWV� RI� XVLQJ� D� PRGHO� EDVHG� NQRZOHGJH�PDQDJHPHQW� DSSURDFK� OLNH� 352027(� DUH� OLVWHG� DV�IROORZV��
• 2Q� WKH� EDVH� RI� EXVLQHVV� SURFHVVHV�� NQRZOHGJH�LQWHQVLYH� DFWLYLWLHV� WKDW� VWURQJO\� LQIOXHQFH� WLPH��TXDOLW\�DQG�FRVW�RI�DQ�SURFHVV�DUH�HDVLO\�LGHQWLILHG�DQG�VXSSRUWHG���
• 7KH� LQWHJUDWLRQ� RI� NQRZOHGJH� PRGHOV� ZLWK�EXVLQHVV� SURFHVV� PRGHOV�� DQG� HYDOXDWLRQ� PRGHOV�VXSSRUWV� DQ� RYHUDOO� PDQDJHPHQW� YLHZ� ZLWK�FRQVLVWHQW�DQDO\VLV��HYDOXDWLRQ�DQG�FRRUGLQDWLRQ��
• 7KH� GHILQLWLRQ� RI� DQ� NQRZOHGJH� PDQDJHPHQW�DSSURDFK�E\�NQRZOHGJH�PRGHOV�LV�WRRO�DQG�PHWKRG�LQGHSHQGHQW�� 7R� UHDOLVH� WKH� DSSURDFK� VHYHUDO�GLIIHUHQW�NQRZOHGJH�PDQDJHPHQW�WRROV�DUH�DEOH�WR�EH�FRPELQHG��
• :LWK�HYDOXDWLRQ�PRGHOV�OLNH�%DODQFHG�6FRUH�&DUG�0RGHOV� LW� LV� SRVVLEOH� WR� HYDOXDWH� WKH� NQRZOHGJH�PDQDJHPHQW� DSSURDFKHV�� VXFFHVVIXO� DSSURDFKHV�DUH� DEOH� WR� EH� GLVWULEXWHG� WKURXJK� NQRZOHGJH�PRGHO�GRFXPHQWDWLRQ��352027(� VXSSRUWV�YDULRXV�PRGHO�W\SHV�WR�GHDO�ZLWK�WKH� DERYH�PHQWLRQHG� FRQWHQW� DQG� FRQWH[W�FKDUDFWHULVWLFV��
• 7RSLF� PDSV� DUH� NQRZOHGJH� VWUXFWXUHV� WKDW� PRGHO�WKH� NQRZOHGJH� FRQWHQW�� 7KH\� DUH� VHPDQWLF�QHWZRUNV�FRQVLVWLQJ�RI�NQRZOHGJH�REMHFWV��WRSLFV��DQG� UHODWLRQV� EHWZHHQ� WKHP�� $� JUDSKLFDO�UHSUHVHQWDWLRQ� RI� WRSLF� PDSV� KHOSV� D� NQRZOHGJH�VHHNHU� WR� QDYLJDWH� LQ� WKH� RUJDQLVDWLRQDO� PHPRU\��,I��IRU�LQVWDQFH��KH�LV�ORRNLQJ�IRU�NQRZOHGJH�DERXW�FDQFHU��D�PHGLFDO� WRSLF�PDS� VKRZV�DOO� WKH� UHODWHG�WRSLFV� OLNH� VPRNLQJ� HWF�� 7KXV� WKH� NQRZOHGJH�VHHNHU�JHWV�KLQWV�DERXW�UHOHYDQW�NQRZOHGJH�KH�VKH�GLG�QRW�WKLQN�RI��
• 6NLOO� PRGHOV� UHODWH� WRSLF� PDSV� WR� SHRSOH� DQG�UHSUHVHQW�WKH�VNLOO�VWDWXV�RI�D�SDUWLFXODU�SHUVRQ�ZLWK�UHVSHFW�WR�WRSLFV�LQ�D�WRSLF�PDS���
• 3URFHVV� PRGHOV� UHSUHVHQW� WKH� ZRUN� FRQWH[W��.QRZOHGJH�REMHFWV�DQG�SHRSOH�FDQ�EH�DVVRFLDWHG�WR�NQRZOHGJH�LQWHQVLYH� DFWLYLWLHV� YLD� VR�FDOOHG�NQRZOHGJH�SURFHVVHV��7KH� 352027(� DSSURDFK� KDV� EHHQ� GHYHORSHG� LQ� DQ�(8�IXQGHG� SURMHFW� KDYLQJ� WKH� VDPH� QDPH�� ,W� KDV�VXFFHVVIXOO\� EHHQ� DSSOLHG� LQ� WZR� WULDO� FDVHV�� 7KH�IROORZLQJ�VHFWLRQ�JLYHV�DQ�RYHUYLHZ�RI�WKH�NQRZOHGJH�PDQDJHPHQW� PHWKRGRORJ\� RI� 352027(� DQG� WKH�DSSOLFDWLRQ�ZLWKLQ�D�WHVW�VFHQDULR���

��� 352027(�0(7+2'�72�'(9(/23�$1�25*$1,6$7,21$/�.06��
7KLV�VHFWLRQ�GHVFULEHV�WKH�SUHYLRXVO\�PHQWLRQHG�DFFHVV�WR� DYDLODEOH� NQRZOHGJH�� 7KH� 352027(� DSSURDFK�XVHV� WKH� EXVLQHVV� SURFHVV� DV� D� VWDUWLQJ� SRLQW� RI� WKH�NQRZOHGJH�PDQDJHPHQW�DSSURDFK�DV�WKLV�SURFHVV�LV�QRW�RQO\� VHHQ� DV� ³D� VHW� RI� PDQXDO�� VHPL�DXWRPDWLF� RU�DXWRPDWLF� DFWLYLWLHV�� WKDW� DUH� H[HFXWHG� XQGHU� WKH�UHVWULFWLRQ�RI�FHUWDLQ�UXOHV�WR�DFKLHYH�DQ�RUJDQLVDWLRQDO�JRDO´� �WUDQVODWHG�� >�@�� EXW� DOVR� DV� WKH� .QRZ�+RZ�3ODWIRUP� RI� DQ� RUJDQLVDWLRQ�� WKDW� ZLOO� EH� UHDOLVHG� E\�YDOXH� FKDLQV� WR� DFKLHYH� WKH� VWUDWHJLF� JRDOV� RI� DQ�RUJDQLVDWLRQ�� 6XSSRUWLQJ� WKH� FULWLFDO� WDVNV� RI� EXVLQHVV�SURFHVVHV� DXWRPDWLFDOO\� OHDGV� WR� D� NQRZOHGJH�PDQDJHPHQW� DSSURDFK� WKDW� DVVLVWV� XVHUV� LQ� WKHLU� GDLO\�ZRUN�DQG� WKHUHIRUH�GLUHFWO\� IRFXVHV�RQ� WKH�RSHUDWLRQDO�NQRZOHGJH��7KH�DXWKRUV�DUH�ZHOO�DZDUH�WKDW�WKHUH�H[LVWV�VHYHUDO� GHILQLWLRQV� RI� NQRZOHGJH� DQG� NQRZOHGJH�PDQDJHPHQW��ZLWKLQ�352027(�NQRZOHGJH�LV�VHHQ�DV�³KXPDQLVHG� LQIRUPDWLRQ´� >�@�� 352027(� KDV�WKHUHIRUH�WKH�DLP�WR�VXSSRUW�XVHUV�DW�FULWLFDO�WDVNV�ZLWK�LQIRUPDWLRQ� LQ� D� ZD\� WKH� XVHU� FDQ� LQWHUSUHW� WKLV�LQIRUPDWLRQ��7KLV�LQIRUPDWLRQ�H[FKDQJH�ZLOO�EH�GHILQHG�E\� VR�FDOOHG� ³NQRZOHGJH� PDQDJHPHQW� SURFHVVHV´��.03V�� WKDW� GHILQH� WKH� EXLOGLQJ��� LGHQWLILFDWLRQ���DFFHVV��� VWRUDJH��� GLVWULEXWLRQ��� DQG� HYDOXDWLRQ�SURFHVV�RI�DQ�RUJDQLVDWLRQDO�PHPRU\��,Q�352027(�WKHVH�.03V�DUH�VHHQ�DV�LPSRUWDQW��DV�WKH� LQWHUDFWLRQ� EHWZHHQ� XVHUV� DQG� WKH� RUJDQLVDWLRQDO�PHPRU\�FDQ�EH�GHILQHG��GLVWULEXWHG�DQG�HYDOXDWHG��7KH�.03�FDWHJRULHV� XVHG� LQ� 352027(� DUH� GHVFULEHG� DV�IROORZLQJ��
y .QRZOHGJH�PRGHO�EXLOGLQJ�SURFHVVHV��7KLV�FDWHJRU\�RI�NQRZOHGJH�PDQDJHPHQW�SURFHVVHV�LQFOXGHV�WKH�DQDO\VLV�RI�EXVLQHVV�SURFHVVHV��WKH�PRGHOOLQJ�RI�NQRZOHGJH�PRGHOV�DQG�WKH�YDOLGDWLRQ�RI�NQRZOHGJH�PRGHOV��
y .QRZOHGJH�LGHQWLILFDWLRQ�SURFHVVHV��7KLV�FDWHJRU\�RI�NQRZOHGJH�PDQDJHPHQW�SURFHVVHV�LQFOXGHV�WKH�LGHQWLILFDWLRQ�RI�FULWLFDO�EXVLQHVV�SURFHVVHV��WKH�DQDO\VLV�RI�VNLOOV�DQG�FRPSHWHQFHV��DQG�WKH�DQDO\VLV�RI�WKH�EXVLQHVV�SURFHVVHV�VXSSRUWHG�E\�NQRZOHGJH�PDQDJHPHQW�SURFHVVHV��
y .QRZOHGJH�DFFHVV�SURFHVVHV��7KLV�FDWHJRU\�RI�NQRZOHGJH�PDQDJHPHQW�SURFHVVHV�LQFOXGHV�WKH�LQWHUDFWLRQV�EHWZHHQ�KXPDQ�NQRZOHGJH�ZRUNHUV�DQG�WKH�RUJDQLVDWLRQDO�PHPRU\�DV�ZHOO�DV�WKH�LQWHUDFWLRQV�ZLWK�WKH�LQWHUQHW��
y .QRZOHGJH�VWRUDJH�SURFHVVHV��7KLV�FDWHJRU\�RI�NQRZOHGJH�PDQDJHPHQW�SURFHVVHV�LQFOXGHV�WKH�VWRUDJH�RI�PLFUR�DUWLFOHV��WKH�FDWHJRULVDWLRQ�RI�GRFXPHQWV�DQG�WKH�GHVFULSWLRQ�RI�NQRZOHGJH�UHVRXUFHV�ZLWK�WH[WXDO�DQQRWDWLRQ��
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y .QRZOHGJH�GLVWULEXWLRQ�SURFHVVHV��7KLV�FDWHJRU\�RI�NQRZOHGJH�PDQDJHPHQW�SURFHVVHV�LQFOXGHV�WKH�FR�RUGLQDWHG�JHQHUDWLRQ��YDOLGDWLRQ�DQG�GLVWULEXWLRQ�RI�QHZ�HQWULHV�LQ�WKH�RUJDQLVDWLRQDO�PHPRU\��
y .QRZOHGJH�HYDOXDWLRQ�SURFHVVHV��7KLV�FDWHJRU\�RI�NQRZOHGJH�PDQDJHPHQW�SURFHVVHV�LQFOXGHV�WKH�GHILQLWLRQ�RI�NQRZOHGJH�HYDOXDWLRQ�FULWHULD��WKH�PRGHOOLQJ�RI�VXFK�HYDOXDWLRQ�FULWHULD�DQG�WKH�PRQLWRULQJ�RI�NQRZOHGJH�PDQDJHPHQW�SURFHVVHV�DFFRUGLQJ�WR�WKH�GHILQHG�FULWHULD��(DFK�RI�WKHVH�.03V�FDWHJRULHV�KDV�D�GLIIHUHQW�HIIHFW�RQ�WKH�RUJDQLVDWLRQDO�PHPRU\��7KH�GHILQLWLRQ�RI� VWUDWHJLF�NQRZOHGJH� JRDOV� KHOS� WR� IRFXV� RQ� WKH� ULJKW� FDWHJRU\��7KH�QH[W�VWHS�LV�WR�GHILQH�WRROV�WR�VXSSRUW�WKH�VHOHFWHG�.03V��,Q�WRGD\¶V�OLWHUDWXUH�WKHUH�DUH�PDQ\�DSSURDFKHV�WR� FODVVLI\� NQRZOHGJH� PDQDJHPHQW� WRROV�� ZLWKLQ�352027(� WKHVH� WRROV� KDYH� EHHQ� PDSSHG� WR� WKH�SUHYLRXVO\�PHQWLRQHG�.03V��7DEOH� �� JLYHV� DQ� RYHUYLHZ� KRZ� .03�FDWHJRULHV�FRXOG�EH�PDSSHG�WR�.0�WRROV���

7DEOH���.03�FDWHJRULHV�DQG�.0�WRRO�PDSSLQJ 
7RRO�0DSSLQJ�

%XLOGHU� :RUNVKRSV��4XHVWLRQQDLUHV��,QWHUYLHZV�
,GHQWLILFDWLRQ� $QDO\VLQJ� WRROV�� .QRZOHGJH� PDSV��<HOORZ� 3DJHV�� ([SHUW� UHYLHZV�� 6NLOO�JDPHV�
$FFHVV� 4XDOLW\� FLUFOHV�� 3URMHFW� RUJDQLVDWLRQV��&RPPXQLFDWLRQ� SODWIRUPV�� 9LUWXDO�WHDPV�� 'LVWULEXWHG� 3URMHFW� WHDPV��*URXSZDUH�� 'LVFXVVLRQ� IRUXP��'RFXPHQW�PDQDJHPHQW�V\VWHPV��OHVVRQV�OHDUQHG� GDWDEDVHV�� )UHTXHQWO\� DVNHG�TXHVWLRQV�� 2UJDQLVDWLRQDO� PHPRU\�LQIRUPDWLRQ� V\VWHPV�� 6HDUFK� DQG�UHWULHYDO�� *XLGHOLQHV�� FKHFNOLVWV��2UJDQLVDWLRQDO� KDQGERRN�� 0LFUR�$UWLFOHV��
6WRUDJH� 'LVFXVVLRQ� IRUXP�� 'RFXPHQW�PDQDJHPHQW� V\VWHPV�� OHVVRQV� OHDUQHG�GDWDEDVHV�� )UHTXHQWO\� DVNHG� TXHVWLRQV��2UJDQLVDWLRQDO� PHPRU\� LQIRUPDWLRQ�V\VWHPV�� *XLGHOLQHV�� FKHFNOLVWV��2UJDQLVDWLRQDO� KDQGERRN�� 0LFUR�$UWLFOHV��%ODFNERDUG��'DWD�EDVH�
'LVWULEXWLRQ� .QRZOHGJH� %URNHUV�� ,QFHQWLYHV��*URXSZDUH�� (�PDLO�� 9LGHR� FRQIHUHQFH��0XOWLPHGLD�GDWDEDVHV��(�7UDLQLQJ��
(YDOXDWLRQ� %DODQFHG�VFRUH�FDUG�
8VLQJ� VXFK� PDSSLQJ� WDEOHV�� HDFK� FULWLFDO� WDVN� FDQ� EH�VXSSRUWHG� LQGLYLGXDOO\� GHSHQGLQJ� RQ� WKH� SUREOHP�FDWHJRU\�� WKH�.0�VWUDWHJ\� DQG�RQ� WKH�XVHU��7R�HQVXUH�DQ� RYHUDOO� NQRZOHGJH� PDQDJHPHQW� IUDPHZRUN� HDFK�NQRZOHGJH� PDQDJHPHQW� DSSURDFK� LV� GHILQHG� E\�NQRZOHGJH� PRGHOV� WKDW� HQDEOH� D� FRPSOHWH�GRFXPHQWDWLRQ��DQ�DQDO\VLV�RI�WKH�³RYHUDOO�V\VWHP´�DQG�

D WRRO� LQGHSHQGHQW� HYDOXDWLRQ�� 'HVFULELQJ� WKH�RUJDQLVDWLRQDO� NQRZOHGJH� V\VWHP� XVLQJ� NQRZOHGJH�PDQDJHPHQW� SURFHVVHV� HQDEOHV� D� SURFHVV� EDVHG�DQDO\VLV� DQG� D� WRRO� LQGHSHQGHQW� GHVLJQ� RI� DQ� RYHUDOO�NQRZOHGJH�PDQDJHPHQW�DSSURDFK��7KH� PDLQ� IRFXV� RI� 352027(� LV� WKHUHIRUH� WKH�GHVLJQ� RI� DQ� RUJDQLVDWLRQDO� NQRZOHGJH� V\VWHP� XVLQJ�NQRZOHGJH�PRGHOV�� WR� HQDEOH� DQ� H[SRUW� RI� WKLV�PRGHO�LQIRUPDWLRQ� WR� H[WHUQDO� NQRZOHGJH�PDQDJHPHQW� WRROV��6RPH�RI�WKH�DERYH�PHQWLRQHG�WRROV�OLNH�<HOORZ�3DJHV��0LFUR�$UWLFOHV��DQG�6HDUFK�(QJLQHV�DUH�UHDOLVHG� LQ� WKH�352027(�SURWRW\SH� DV� VR�FDOOHG� :HE�&RPSRQHQWV�WR�HQDEOH�D�UDSLG�SURWRW\SLQJ�DSSURDFK�RI�D�NQRZOHGJH�PDQDJHPHQW� V\VWHP�� )RU� D� FRPSOHWH� VFHQDULR� RWKHU�WRROV� KDYH� WR� EH� DFFHVVHG� YLD� LQWHUIDFHV� OLNH� 0HWD�6HDUFK� (QJLQHV�� 'DWDEDVHV� DQG� 'RFXPHQW�0DQDJHPHQW� 6\VWHPV�� $� .QRZOHGJH� 0DQDJHPHQW�&RFNSLW� FDQ� EH� UHDOLVHG� E\� PRGHOOLQJ� HYDOXDWLRQ�PRGHOV�OLQNHG�ZLWK�WKH�NQRZOHGJH�PDQDJHPHQW�PRGHOV�DQG� JHQHUDWLQJ� DQ�(YDOXDWLRQ�:HE�&RPSRQHQW� RXW� RI�WKLV�PRGHO�LQIRUPDWLRQ��7KH� QH[W� VHFWLRQ� GHVFULEHV� WKH� UHDOLVDWLRQ� RI� WKH�352027(� PHWKRG� E\� LQWURGXFLQJ� WKH� 352027(�.QRZOHGJH�PRGHO�W\SHV��5HDOLVDWLRQ�RI�WKH�352027(�PHWKRG�WR�GHILQH�DQ�RUJDQLVDWLRQDO�NQRZOHGJH�V\VWHP�7KLV� VHFWLRQ� GHVFULEHV� WKH� UHDOLVDWLRQ� RI� WKH� DERYH�PHQWLRQHG� 352027(� PHWKRG� GXULQJ� WKH� SURMHFW��LQWURGXFLQJ� WKH�NQRZOHGJH�PRGHO� W\SHV� WR�GHVFULEH�DQ�RUJDQLVDWLRQDO�PHPRU\�RQ�D�PRGHO�EDVLV��7KH� IROORZLQJ� WKUHH� D[LRPV� H[SODLQ� WKH� VSHFLILF�352027(� DSSURDFK����� 3URFHVV�%DVHG�.QRZOHGJH�0DQDJHPHQW�DV�0RGHOOLQJ�)UDPHZRUN��$ PRGHO�EDVHG�DSSURDFK�EDVHG�RQ�3URFHVV�PRGHOV��30��ZDV�VHOHFWHG����� )RUPDO�0RGHO�DV�.QRZOHGJH�3URFHVVLQJ�)UDPHZRUN��$ IRUPDO�PRGHO�WR�HYDOXDWH�DQG�VSHFLI\�WKH�PRGHO�ODQJXDJH�ZDV�GHILQHG����� 0HWD�0RGHOOLQJ�DV�&RQFHSWXDO�)UDPHZRUN��7KH�PRGHOOLQJ�FRQFHSW�LV�EDVHG�RQ�D�0HWD2 0RGHO��7KHVH� WKUHH� D[LRPV� RI� 352027(® GLVWLQJXLVK� WKLV�DSSURDFK�IURP�H[LVWLQJ�WRROV�DQG�PHWKRGV��.QRZOHGJH�PRGHOOLQJ� WRROV�GHVFULELQJ�0LQG�0DSV�RU�7RSLF�0DSV�DUH� QRW� FRYHULQJ� WKH� G\QDPLF� DVSHFWV� RI� NQRZOHGJH�PDQDJHPHQW� OLNH� WKH� .03V� DQG� WKH\� DUH� QRW�VXSSRUWLQJ� WKH� LQWHJUDWLRQ� RI�.QRZOHGJH�PDQDJHPHQW�DSSURDFKHV�ZLWK�%XVLQHVV�SURFHVVHV���([LVWLQJ� WRROV� SURYLGLQJ� WKLV� LQWHJUDWLRQ� RI�NQRZOHGJH�PRGHOV�DQG�EXVLQHVV�SURFHVVHV�VXIIHU� IURP�ODFN� RI� LQGLYLGXDOL]DWLRQ� WKDW� FDQ� EH� LPSOHPHQWHG�WKURXJK�WKH�0HWD�0RGHOOLQJ�FRQFHSW��7KH�352027(�LGHD� LV� WR� DQDO\VH� WKH� H[LVWLQJ� EXVLQHVV� SURFHVVHV� DQG�WKH� H[LVWLQJ� ZRUNLQJ� HQYLURQPHQW� DQG� WR� LGHQWLI\� VR�FDOOHG� ³NQRZOHGJH�LQWHQVLYH�WDVNV´�� 7KHVH� NQRZOHGJH�LQWHQVLYH�WDVNV�DUH�IXUWKHU�DQDO\VHG�DQG�GHVFULEHG�XVLQJ�YDULRXV� PRGHO� W\SHV� WR� GHILQH� DQ� RUJDQLVDWLRQDO�
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NQRZOHGJH� V\VWHP� EDVHG� RQ� NQRZOHGJH� PDQDJHPHQW�SURFHVVHV��7DEOH� �� JLYHV� DQ� RYHUYLHZ� RI� WKH� 352027(��PRGHO� W\SHV� DQG� D� VKRUW� GHVFULSWLRQ� RI� PDNLQJ� WKH�PRGHOV�RSHUDWLRQDO��
7DEOH���7KH�352027(��.QRZOHGJH�PRGHOV�DQG�WKHLU�SRVVLEOH�

UHDOLVDWLRQ 
0RGHO�W\SH� 'HVFULSWLRQ� 0DNLQJ� PRGHOV�RSHUDWLRQDO�%XVLQHVV�SURFHVV�UHODWHG�PRGHO�W\SHV��%30��
%XVLQHVV�SURFHVVHV�� 'HILQLWLRQ� RI�GLVWULEXWHG� EXVLQHVV�SURFHVVHV��

%XVLQHVV�SURFHVV��DQG�:RUNIORZ�0DQDJHPHQW��:RUNLQJ�HQYLURQPHQW�� 'HILQLWLRQ�RI�D�UROH�EDVHG� ZRUNLQJ�HQYLURQPHQW��
%XVLQHVV� SURFHVV�PDQDJHPHQW��2UJDQLVDWLRQDO�KDQGERRN��+50��

.QRZOHGJH�SURFHVVLQJ�PRGHO�W\SHV��.30��
6NLOO�GRFXPHQWDWLRQ 'HILQLWLRQ� RI�FRPSHWHQFHV�� VNLOOV�DQG�LQWHUHVWV��

7UDLQLQJ� FRQFHSWV��<HOORZ�3DJHV��3URMHFW�7HDP�6HOHFWLRQ��.QRZOHGJH�VWUXFWXUH� 'HILQLWLRQ�RI�WRSLFV��NH\ZRUGV� DQG�VHPDQWLF�FDWHJRULHV�
6HDUFK� HQJLQHV�� 0HWD�6HDUFK� HQJLQHV��&RQWHQW�0DQDJHPHQW�.QRZOHGJH�UHVRXUFH�SRROV� 'HILQLWLRQ� RI�NQRZOHGJH�UHVRXUFHV��
'RFXPHQW�0DQDJHPHQW��*URXSZDUH��3RUWDOV��.QRZOHGJH�SURFHVV�PRGHOV�

'HILQLWLRQ� RI�NQRZOHGJH�LQWHQVLYH�WDVNV��
+RZ�7R� 'DWDEDVHV��0LFUR�DUWLFOHV��

.QRZOHGJH�PDQDJHPHQW�SURFHVVHV�
'HILQLWLRQ� RI� WKH�NQRZOHGJH�PDQDJHPHQW�SURFHVVHV��

2UJDQLVDWLRQDO� .06��%HVW� SUDFWLFH�GDWDEDVHV�� 5HDOLVDWLRQ�RI�3XVK�7HFKQRORJLHV�6HFXULW\�PRGHOV� 'HILQLWLRQ� RI� XVHU�ULJKWV� DQG� DFFHVV�SURILOHV��
3RUWDO� 0DQDJHPHQW��6LQJOH�XVHU�ORJLQ��

:RUNEHQFK�PRGHOV� 'HILQLWLRQ� RI� DQ�LQGLYLGXDOL]HG�:HE�SRUWDO��
&RQILJXUDWLRQ� RI�³0\3RUWDO´��

2YHUYLHZ�PRGHO�W\SH��290��.QRZOHGJH�ODQGVFDSH� 2YHUYLHZ� RI� WKH�RUJDQLVDWLRQDO�PHPRU\��
,QGLYLGXDOL]H�WKH�YLHZ�RI� WKH� RUJDQLVDWLRQDO�PHPRU\��&RPPXQLW\�PRGHO� 2YHUYLHZ� RI� WKH�WHDPV� ZLWKLQ� D�ZRUNLQJ�HQYLURQPHQW��

*URXSZDUH��'LVFXVVLRQ� IRUXP��YLUWXDO�3URMHFW�WHDPV��
3URFHVV� SRRO�PRGHO� 2YHUYLHZ� RI� WKH�G\QDPLF� DVSHFWV�ZLWKLQ�20��

9LVXDOLVDWLRQ� RI�FRPSDQLHV�SURFHVVHV��

,W� KDV� WR� EH� SRLQWHG� RXW� WKDW� IRU� WKH� UHDOLVDWLRQ� RI�NQRZOHGJH�PDQDJHPHQW�DSSURDFKHV�LW�LV�QRW�QHFHVVDU\�WR�GHILQH�DOO�PRGHO�W\SHV�LQ�GHWDLO��'XULQJ�WKH�DQDO\VLV�RI� WKH� NQRZOHGJH� PDQDJHPHQW� DSSURDFK� WKH� XVHG�FRQFHSWV� DUH� VHOHFWHG� DQG� WKH� DFFRUGLQJ� NQRZOHGJH�PRGHOV�DUH�GHILQHG��7KLV�SURFHGXUH�LV�EULHIO\�GHVFULEHG�

LQ� WKH� QH[W� VHFWLRQ� LQWURGXFLQJ� D� 7ULDO� &DVH� RI�352027(��

��� 5($/,6$7,21�2)�7+(�352027(�352727<3(�$7�86(5�75,$/�&$6(�
7KLV� VHFWLRQ� GHVFULEHV� WKH� WULDO� VFHQDULR� ³6RIWZDUH�GHYHORSPHQW´�RI�WKH�352027(�SURMHFW�DQG�GLVFXVVHV�WKH� WRROV� DQG� PRGHOV� WKDW� ZLOO� EH� XVHG� WR� UHDOLVH� DQ�RUJDQLVDWLRQDO�NQRZOHGJH�V\VWHP�LQ�WKDW�DUHD���)LUVW� WKH� EXVLQHVV� SURFHVV� ZDV� GHILQHG� DQG� WKH�FULWLFDO�WDVNV�ZHUH�SRLQWHG�RXW��

)LJXUH���6FUHHQ�VKRW�RI�D�'HYHORSPHQW�SURFHVV�LQFOXGLQJ�NQRZOHGJH�
LQWHQVLYH�WDVNV�

)LJXUH���GHSLFWV�WKH�EDVLF�EXVLQHVV�SURFHVV�RI�WKH�WULDO�VFHQDULR� ³6RIWZDUH� 'HYHORSPHQW´� ZKHUH� WKH� FULWLFDO�WDVNV� ³&UHDWH� V\VWHP� GUDIW´�� ³&UHDWH� WHFKQLFDO� GUDIW´�DQG�³&UHDWH�SURJUDP�GUDIW´�DUH�LGHQWLILHG�DQG�GHVFULEHG�LQ�PRUH�GHWDLO��7RSLF� PDSV� IRU� HDFK� RI� WKH� FULWLFDO� WDVN� ZLOO� EH�PRGHOOHG� DQG� WKH� QHFHVVDU\� NH\ZRUGV� DQG�WUDQVIRUPDWLRQV�DUH�GLVFXVVHG��

)LJXUH���7RSLF�PDS�RI�WKH�WULDO�FDVH�
)LJXUH� �� GHSLFWV� D� WRSLF� PDS� WKDW� LV� UHDOLVHG� DV� D�
knowledge� VWUXFWXUH� PRGHO� LQ� 352027(� WKDW� KDV�EHHQ� OLQNHG� WR� D� NQRZOHGJH� LQWHQVLYH� DFWLYLW\�� 2QH�PDMRU� SUREOHP�RI�PRGHOOLQJ� VHPDQWLF� QHWZRUNV� LV� WKH�³NQRZOHGJH�WUDQVIRUPDWLRQ�SUREOHP´�WKDW�RFFXUV��ZKHQ�GHSDUWPHQWV�KDYH�GLIIHUHQW�YLHZV�RQ�WRSLFV���



��

352027(�VROYHV� WKLV�SUREOHP�E\�GHILQLQJ� VHYHUDO�WRSLF�PDSV�WKDW�FDQ�EH�OLQNHG�WR�HDFK�RWKHU�E\�XVLQJ�D�³WUDQVIRUPDWLRQ�OLQN´��7KHVH�WRSLF�PDSV�DUH�XVHG�WR�GHILQH�WKH�VNLOO�SURILOHV�DQG� WKH� VHDUFK�HQJLQH� LQWHUIDFHV�� ,Q� WKH� IROORZLQJ�� WKH�FRQFHSW� RI� WKH� VNLOO� GRFXPHQWDWLRQ� LV� EULHIO\� SRLQWHG�RXW��

)LJXUH���6NLOO�GRFXPHQWDWLRQ�GHWDLO�
)LJXUH� �� VKRZV� D� VLPSOH� VNLOO�GRFXPHQWDWLRQ� RI� D�SHUVRQ��(DFK�SHUVRQ�KDV�GLIIHUHQW�VNLOO�SURILOHV�WKDW�DUH�DJJUHJDWHG�WR�D�VR�FDOOHG�³$JJUHJDWHG�3URILOH´���,Q� 352027(� WKHUH� DUH� WKH� IROORZLQJ� 6NLOO�3URILOH�W\SHV� 
y 6NLOO�3URILOH�,QWHUHVWV��7KLV�6NLOO�3URILOH�LV�XVHG�WR�GHVFULEH�WKH�LQWHUHVW�RI�HPSOR\HHV�DQG�WKH�OHYHO�WKH�HPSOR\HH� LV� LQWHUHVWHG� LQ� EHLQJ� WUDLQHG�� 7KLV�SURILOH� LV� XVHG� WR� EXLOG� QHZ� SURMHFW� WHDPV� DQG� WR�GRFXPHQW�WKH�SRWHQWLDO�RI�QHZ�WRSLFV��
y 6NLOO� 3URILOH� $ELOLW\� �VHOI��� 7KLV� 6NLOO� 3URILOH� LV�XVHG� WR� GHVFULEH� WKH� DELOLWLHV� RI� HPSOR\HHV� RQ� D�YROXQWDU\�EDVLV��8VHUV�DUH�DEOH�WR�HQWHU�VNLOOV�WKH\�WKLQN� WKH\� KDYH�� 7KLV� SURILOH� LV� XVHG� WR� LGHQWLI\�NQRZOHGJH�FDUULHUV�DQG�WR�DFFHVV�WKH�NQRZOHGJH�RI�H[SHUWV�� 7KLV� 3URILOH� LV� GLIILFXOW� WR� JHW�� DV� PDQ\�XVHUV�VLPSO\�GR�QRW�ZDQW�WR�GRFXPHQW�WKHLU�VNLOOV��7KHUH� DUH� GLIIHUHQW� ZD\V� RI� PRWLYDWLQJ� XVHUV� WR�NHHS�WKLV�SURILOH�XS�WR�GDWH� 
y 6NLOO� 3URILOH� $ELOLW\� �0DQDJHPHQW��� 7KLV� 6NLOO�3URILOH� LV� XVHG� WR� GHVFULEH� WKH� DELOLWLHV� RI�HPSOR\HHV� E\� WKH�PDQDJHU�� 7KH�PDQDJHU� KDV� WKH�SRVVLELOLW\� WR�GRFXPHQW� WKH� VNLOOV� RI� KLV� JURXS�E\�HGLWLQJ�WKH�VNLOOV�RI�KLV�HPSOR\HHV��
y 3URGXFW� 6NLOOV�� 7KLV� VNLOO� SURILOH� UHIHUHQFH� WR�SURGXFWV�RI�WKH�FRPSDQ\��(DFK�SURGXFW�PDQDJHU�RU�SURGXFW� VSHFLDOLVW� LV� OLQNHG� WR� SURGXFWV�� 7KLV�SURILOH� FOHDUO\� GRFXPHQWV� WKH� UHVSRQVLELOLW\� RI�HDFK�XVHU� 7KH�6NLOO�3URILOHV�GHVFULEH� WKH�FRPSHWHQFH�RI�HLWKHU�D WRSLF� �IURP� WKH� VHPDQWLF� QHWZRUN�� RU� RI� DFWLYLWLHV�ZLWKLQ� D�EXVLQHVV�SURFHVV��8VLQJ� WKLV� IUDPHZRUN�� LW� LV�JXDUDQWHHG�WKDW�WKH�VNLOOV�RI�D�SHUVRQ�DUH�ZHOO�GHVLJQHG�DQG� FDWHJRULVHG�� 7KHUH� LV� DOVR� WKH� SRVVLELOLW\� WR� HQWHU�³6KRXOG�´� DQG� ³,V� VNLOOV´� DW� HDFK� SURILOH�� 7KLV� ³VNLOO�JDS´� KDV� QRW� EHHQ� PRGHOOHG� LQ� WKLV� WULDO� FDVH�� DV� WKH�

IRFXV� RI� WKLV� DSSURDFK� ZDV� QRW� WR� LGHQWLI\� VNLOO� JDSV��EXW� WR� LGHQWLI\� H[SHUWV� ZKR� YROXQWDULO\� HQWHU� WKH� VNLOO�GRFXPHQWDWLRQ��7KH� VNLOO� GRFXPHQWDWLRQ� ZLOO� EH� DXWRPDWLFDOO\�LPSRUWHG�E\�XVLQJ�H[LVWLQJ�/RWXV�1RWHV�'DWDEDVHV��

)LJXUH���$XWRPDWLF�JHQHUDWHG�6NLOO�GRFXPHQWDWLRQ�
)LJXUH���GHSLFWV� WKH�VFHQDULR� WR�JHQHUDWH� WKLV�FRPSOH[�
skill� GRFXPHQWDWLRQ� XVLQJ� VHYHUDO� /RWXV� 1RWHV�'DWDEDVHV��$OO�3URGXFW�6NLOO�3URILOH�DUH�JHQHUDWHG�IURP�D /RWXV�1RWHV�'DWDEDVH� IRU�³3URGXFW� UHVSRQVLELOLWLHV´��WKH� QHFHVVDU\� LQIRUPDWLRQ� IRU� PRGHOOLQJ�³2UJDQLVDWLRQDO� 8QLWV´� DUH� LPSRUWHG� IURP� D� GLIIHUHQW�/RWXV� 1RWHV� GDWDEDVH�� ILQDOO\� DOO� ³$JJUHJDWHG� 6NLOO�3URILOHV´� DQG� WKHLU� UHIHUHQFHV� DUH� DXWRPDWLFDOO\�JHQHUDWHG�E\�PHUJLQJ�WKH�UHVXOWV�RI�WKH�PRGHO�LPSRUW��7KH� WKLUG� 6NLOO� 'DWDEDVH� LV� FRQFHUQHG� ZLWK� ,QWHUHVW�3URILOHV� DQG�$ELOLW\� 3URILOHV� DQG� LV� VWLOO� LQ� WKH� GHVLJQ�SKDVH�� 7KLV� GDWDEDVH� ZLOO� EH� LPSOHPHQWHG� GXULQJ� WKH�UHDOLVDWLRQ�SKDVH�RI�352027(�HLWKHU�DV�DQRWKHU�/RWXV�1RWHV� GDWDEDVH�� RU� DV� DQ� ;0/� 'DWDEDVH� XVLQJ� WKH��352027(� PRGHO�EDVH��$QRWKHU�FRQFHSW�XVHG�LQ�WKLV�7ULDO�VFHQDULR�LV�D�EHVW�SUDFWLFH� GDWDEDVH� WKDW� VKRXOG� VXSSRUW� XVHUV� LQ� FULWLFDO�GHFLVLRQV�� 352027(� GHILQHV� WKH� DFFHVV� RI� WKH�GDWDEDVH� DQG� WKH� VWUXFWXUH� RI� WKH� FRQWHQW� RI� WKH�H[SHULHQFH�EDVH���7KH�FRQWHQW�RI�VXFK�D�GDWDEDVH�LV�GHILQHG�ZLWK�D�VR�FDOOHG� ³.QRZOHGJH� 3URFHVV´�� 7KH� DXWKRUV� DUH� ZHOO�DZDUH�WKDW�WKH�WHUPV�³NQRZOHGJH�PDQDJHPHQW�SURFHVV´�DQG� ³NQRZOHGJH� SURFHVV´� DUH� XVHG� GLIIHUHQWO\� LQ�WRGD\¶V� OLWHUDWXUH� EXW� WR� H[SUHVV� WKH� 352027(� LGHD��WKHVH�WHUPV�DUH�VSHFLDOO\�WUHDWHG�LQ�WKLV�WH[W��
y WKH�.QRZOHGJH�PDQDJHPHQW�SURFHVVHV�GHILQHV�WKH�LQWHUDFWLRQ� ZLWK� WKH� RUJDQLVDWLRQDO� PHPRU\� DV�GHVFULEHG�LQ�VHFWLRQ���
y DQG� WKH� ³.QRZOHGJH� 3URFHVVHV´� GHVFULEHV� WKH�FRQWHQW�RI�WKH�GDWDEDVH��7KLV�³.QRZOHGJH�3URFHVV´�FDQ�EH�VHHQ�DV�D�VXE�SURFHVV�RI�D�EXVLQHVV�SURFHVV��ZKHUH�D�NQRZOHGJH�LQWHQVLYH�DFWLYLW\��FDOOHG�.,7��LV� WKH� ³6XE�SURFHGXUH� FDOO´� DQG� WKH� ³.QRZOHGJH�SURFHVV´�LV�WUHDWHG�OLNH�D�VXE�SURFHVV��7KH�UHDVRQ�IRU�LPSOHPHQWLQJ�D�QHZ�PRGHO�W\SH�QDPHG�³.QRZOHGJH�3URFHVV´�DQG�QRW�MXVW�XVLQJ�D�VXE�SURFHVV�LV�� WKDW� DGGLWLRQDO� LQIRUPDWLRQ� LV� QHHGHG�� LI� DQ� DUWLFOH�VKRXOG�EH�JHQHUDWHG�RXW�RI�VXFK�D�SURFHVV��7KH�LGHD�LV�



��

WR�JHQHUDWH�D�VKRUW�DUWLFOH��OLNH�D�PLFUR�DUWLFOH�>�@��RXW�RI�VXFK�SURFHVV�PRGHOV�>�@��

)LJXUH���'HILQLWLRQ�RI�WKH�VWUXFWXUH�RI�D�VKRUW�DUWLFOH�XVLQJ�D�
Ä.QRZOHGJH�3URFHVV³�

)LJXUH���GHSLFWV�D�GHILQLWLRQ�RI�DQ�DUWLFOH�LQ�D�SURFHVV�
oriented�PDQQHU��7KH�VWDUW��DQG�HQG�REMHFW�SRLQWV�RXW�WKDW�WKLV�FRQFHSW�FDQ�EH�VHHQ�DV�D�VXE�SURFHVV��7KH� SUHYLRXVO\� GLVFXVVHG� NQRZOHGJH� PDQDJHPHQW�SURFHVV� GHILQH� KRZ� WKHVH� FRQFHSWV� DUH� DSSOLHG��$V� DQ�H[DPSOH� WKH� LQWHUHVWLQJ� .QRZOHGJH� VWRUDJH�PDQDJHPHQW�SURFHVV�LV�VKRZQ��GHILQLQJ�WKH�XVDJH�RI�D�EHVW�SUDFWLFH�GDWDEDVH���

)LJXUH���([DPSOH�RI�D�.QRZOHGJH�6WRUDJH�0DQDJHPHQW�3URFHVV�
)LJXUH� �� GHSLFWV� D� .QRZOHGJH� 6WRUDJH� 0DQDJHPHQW�
Process� WKDW� GHILQHV� WKH� VWRUDJH� RI� D� PLFUR� DUWLFOH��6XFK� D� PLFUR� DUWLFOH� VKRXOG� QRW� EH� VWRUHG� LQ� WKH� EHVW�SUDFWLFH�GDWDEDVH�ZLWKRXW�WKH�UHYLHZ�RI�DQ�H[SHUW��7KH�DERYH� .QRZOHGJH� 6WRUDJH� 0DQDJHPHQW� 3URFHVV�GHILQHV� WKDW� WKH� XVHU� KDV� WR� VXJJHVW� D� FRQVXOWLQJ� SRRO�VHVVLRQ�WR�DQ�H[SHUW�IRU�D�VSHFLILF�SUREOHP��7KH�H[SHUW�FDQ� DFFHSW� RU� GHQ\� WKLV� FRQVXOWLQJ� VHVVLRQ�� ,I� WKH�VHVVLRQ� LV� DFFHSWHG� WKH� UHYLHZ�ZLOO� WDNH�SODFH� DQG� WKH�UHVXOWV�DUH�VWRUHG�LQ�D�EHVW�SUDFWLFH�GDWDEDVH��7KHVH� NQRZOHGJH�PDQDJHPHQW� SURFHVVHV� GHILQH� WKH�LQWHUDFWLRQ� EHWZHHQ� XVHUV� DQG� WKH� RUJDQLVDWLRQDO�V\VWHP�� 7KH� SODQHG� UHDOLVDWLRQ� RI� WKLV� XVHU� WULDO� LV�PHQWLRQHG�LQ�WKH�QH[W�FKDSWHU��

��� 0$.,1*�.12:/('*(�02'(/6�23(5$7,21$/�,1�7+(�75,$/�6&(1$5,2�³62)7:$5(�'(9(/230(17´��
7KLV� VHFWLRQ� GHVFULEHV� WKH� WRROV� WKDW� DUH� XVHG� IRU� WKH�UHDOLVDWLRQ� RI� WKH� SUHYLRXVO\� PHQWLRQHG� NQRZOHGJH�PDQDJHPHQW� DSSURDFK� LQ� WKH�7ULDO� VFHQDULR� ³6RIWZDUH�'HYHORSPHQW´�� 352027(® KDV� VWDQGDUG� PRGXOHV�VXFK�DV�D�0RGHO�HGLWRU��<HOORZ�SDJHV��6HDUFK�HQJLQHV��D 0LFUR� $UWLFOH� *HQHUDWRU�� D� 0RGHO� YLHZHU� DQG� D�.QRZOHGJH�PDQDJHPHQW�FRQWURO�FRFNSLW��,Q� WKH� IROORZLQJ� HDFK� FRQFHSW� GHVFULEHG� EHIRUH� LV�OLVWHG�EHORZ�DQG�WKH�UHDOLVDWLRQ�HLWKHU�E\�352027(�:HE�&RPSRQHQWV�RU�E\�H[WHUQDO�WRROV�LV�H[SODLQHG��
3URFHVV�GRFXPHQWDWLRQ�YLD�+70/��7KH�SURFHVV�PRGHOV�ZLOO� EH� H[SRUWHG� WR�+70/�3DJHV�DQG�FDQ�EH�YLHZHG�YLD�,QWHUQHW�([SORUHU��7KH�3URFHVVHV�DUH� YLVXDOLVHG�� DQG� GHVFULSWLRQV� DQG� GRFXPHQWV� DUH�DWWDFKHG� DW� HDFK� FULWLFDO� WDVN�� 0LFURVRIW� 2IILFH�'RFXPHQWV�� DQG� /RWXV� 1RWHV� 'DWDEDVHV� FDQ� EH�DFFHVVHG� E\� FOLFNLQJ� RQ� WKH�0RGHOV� DQG� E\� IROORZLQJ�WKH�+70/�/LQNV��0HWD�6HDUFK�(QJLQH�IRU�,QIRUPDWLRQ�UHWULHYDO��$ SRZHUIXO� LQIRUPDWLRQ� UHWULHYDO� ZLOO� EH� UHDOLVHG�WKURXJK�WKH�LQWHUDFWLRQ�RI�352027(� DQG�WKH�8�6�8��.QRZOHGJH� 0LQHU� >�@�� 7KLV� 0HWD� 6HDUFK� HQJLQH�H[FKDQJHV� WKH�7RSLF�0DSV�RQ� WKH� ,62�,(&������� >�@�VWDQGDUG� ZLWK� 352027(� DQG� HQDEOHV� DFFHVV� WR� ORJ�GDWD� RI� WKH� VHDUFK� HQJLQH� WR� HYDOXDWH� WKH� WRRO�� 7KH�VHDUFK�HQJLQH�FDQ�EH�LQWHJUDWHG�LQ�WKH�352027(�:HE�SRUWDO�WKURXJK�-DYD�6HUYOHWV�LI�DSSURSULDWH��
<HOORZ�3DJHV��7KLV�FRQFHSW�ZLOO�EH�UHDOLVHG�E\�WKH�352027(� :HE�&RPSRQHQW� FDOOHG� ³<HOORZ� 3DJHV´� WKDW� DFFHVVHV� WKH�SUHYLRXVO\� GHVFULEHG� 6NLOO�0RGHOV� WKURXJK� WKH� PRGHO�GDWDEDVH��7KH�VNLOO� LQIRUPDWLRQ�FDQ�EH�DFFHVVHG�HLWKHU�E\� IXOO� WH[W� VHDUFK�� EXVLQHVV� SURFHVVHV� RU� VHPDQWLF�QHWZRUNV�WKURXJK�WKH�352027(� :HE�,QWHUIDFH��
%HVW�3UDFWLFH�'DWDEDVH��7KH� %HVW� SUDFWLFH� 'DWDEDVH� LQ� WKLV� 7ULDO� &DVH� LV�LPSOHPHQWHG� DV� D� /RWXV� 1RWHV� 'DWDEDVH� WKDW� VWRUHV�VKRUW� DUWLFOHV� JHQHUDWHG� E\� WKH� 352027(� :HE�&RPSRQHQW� ³0LFUR� $UWLFOH� *HQHUDWRU´�� 7KHVH� VKRUW�DUWLFOHV�DUH�GHILQHG�LQ�WKH�PRGHOV�VKRZQ�LQ�)LJXUH���DQG�JHQHUDWHG� E\� WKH� ³0LFUR� $UWLFOH� *HQHUDWRU´� HLWKHU� LQ�KWPO�RU�SGI�IRUPDW��7KH�DUWLFOH�DUH�WKHQ�UHYLHZHG�E\�DQ�H[SHUW��
.QRZOHGJH�0DQDJHPHQW�3URFHVV�,QWHUSUHWHU��7KH�352027(� SRUWDO�SURYLGHV�D�3URFHVV�HQJLQH��WKDW�VXSSRUWV� WKH� XVHU� E\� VWDUWLQJ�.QRZOHGJH�PDQDJHPHQW�SURFHVVHV�� 7KH� NQRZOHGJH�PDQDJHPHQW� SURFHVVHV� FDQ�EH� YLHZHG� LQ� +70/�� 7KH� XVHU� FDQ� VWDUW� WKH� SURFHVV�HLWKHU� DV� D� SXEOLF� RU� DV� D� SULYDWH� SURFHVV� WKURXJK� WKH�:HE�,QWHUIDFH��7KH�³7DVNOLVW´�RI�WKH�SDUWLFLSDWLQJ�XVHUV�ZLOO� VKRZ� WKDW� WKLV� SURFHVV� KDV� EHHQ� VWDUWHG� DQG� ZLOO�
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GLVSOD\� WKH� UHVSRQVLEOH� XVHU� DQG� WKH� VWDWXV� RI� WKH�SURFHVV��7KHVH� FRQFHSWV� DUH� SODQHG� WR� EH� LPSOHPHQWHG� DQG�HYDOXDWHG�GXULQJ�WKH�SURMHFW��7KH�QH[W�VHFWLRQ�GHVFULEHV�WKH� SURMHFW� VWDWXV� DQG� WKH� HYDOXDWLRQ� DSSURDFK� RI�352027(��

��� (9$/8$7,21�$3352$&+�$1'�352-(&7�67$786��
7KH� 352027(� SURMHFW� QRZ� ILQLVKHV� WKH�LPSOHPHQWDWLRQ� SKDVH� DQG� VWDUWV� WKH� HYDOXDWLRQ� DQG�LPSOHPHQWDWLRQ� SKDVH�� 7KH� LPSOHPHQWDWLRQ� RI� WKH�FRQFHSWV�LV�SODQHG�WR�EH�UHDOLVHG�DFFRUGLQJ�WR�WKH�DERYH�PHQWLRQHG�VFHQDULR�WLOO�VXPPHU������ZKHQ�WKH�SURMHFW�HQGV���$Q� HYDOXDWLRQ� DSSURDFK� ZLOO� EH� UHDOLVHG� WR� GHILQH�HYDOXDWLRQ� FULWHULD� DQG� JRDOV� WKDW� DUH� OLQNHG� WR�NQRZOHGJH�PDQDJHPHQW�FRQFHSWV��

)LJXUH���.QRZOHGJH�PDQDJHPHQW�HYDOXDWLRQ�XVLQJ�WKH�NQRZOHGJH�
VFRUH�FDUG�

)LJXUH� �� GHSLFWV� WKH� HYDOXDWLRQ� RI� WKH� SUHYLRXVO\�
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Abstract.  Learning from past projects allows designers to 
avoid previous errors and to solve problems. Several methods 
have defined techniques to memorize lessons and experiences 
from projects in what we call project memory. This paper 
presents our traceability approach that allows to extract 
knowledge without perturbing designers’ activities. Our 
approach is based on web technologies. In the one hand it keeps 
track of knowledge produced while using design tools (as a 
behavior model) , in the other hand, it restitutes knowledge 
according to a contextual situations recognition. 

 
Keywords.  Knowledge capitalization, design knowledge , 
project memory, product, process 

1 INTRODUCTION 
Knowledge management (KM), first considered as a scientist 
stake becomes more and more an industrial stake. It is a 
complex problem that can be tackled from several viewpoints: 
socio-organizational, financial and economical, technical, 
human and legal [9] . It concerns theoretical and practical know-
how of groups of people in an organization. KM is defined as a 
continuous process of knowledge explicitation and 
internalization [19] . 

There are two types of techniques that help to make 
knowledge explicit (Figure 1 . ):  

1. Knowledge capitalization, with which knowledge can be 
extracted by interviewing experts and from documents. 
Knowledge engineering methods are mainly used in this 
aim [9] .  

2. Direct knowledge extraction, in which knowledge are 
extracted directly and dynamically from organization 
activity. DataMining, Textmining, tracability are some of 
these techniques.  

For instance, some studies focus on how to keep track of 
an activity and especially a project. In this type of studies, the 
challenge is how to capitalize knowledge without perturbing 
actors’ activities and workspace. Main questions can then arise: 
how to extract knowledge directly from tools and documents ? 
How to keep track of the issue and the evolution of a project ? 
How to quickly model this knowledge and represent it in a way 
that can be easily accessible and usable by organization actors.   

 

Experts, documents

Knowledge asset

Daily Activity

EXPLICITATION

EXPLICITATION

Knowledge enginnering

Direct knowledge extraction

 

Figure 1 .  Two techniques to make knowledge explicit 

In this paper, we study the second type of knowledge 
management (direct knowledge extraction). We focus on 
knowledge management of a design project in order to 
define, what we call, design project memory (PM). A project 
memory can be defined as lessons and experiences from 
given past projects [16] . Keeping track of this knowledge 
can be considered as a direct extraction from several 
knowledge sources: documents, data bases, drawing and 
prototypes, meetings, activities (Figure 2 . ). 

 

Figure 2 .  Traceability of design activities 

We present in this paper, traceability of engineering 
designer’s activity. Our aim is to extract knowledge from 
designer’s activity without perturbing him. So, we study a 
Web architecture that helps to define a scenario of a 
designer’s behavior, regarding a given problem, by keeping 
track of used functionalities and issued information and data. 
Before presenting this architecture, we describe in the 
following section, the structure of a project memory in 
design. 



2 DESIGN KNOWLEGDE 

2.1 Knowledge modelling in design 
engineering  

Continuous capitalisation in engineering design consists in 
memorising specific information that will be later on reuse in 
future product designs. This information is extracted from 
different knowledge during design process. This dynamic 
knowledge of the collaborative design activity is then formalised 
in a static project memory (Figure 3 . ). The extraction and the 
formalisation have to be done with a maximum of transparency 
for designers. Thus, they would not have to manage any extra 
task in the design activity. 
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Figure 3 .   Information capitalisation in engineering design. 

This paper does not aim at presenting a global solution for 
all kinds of engineering information that must be capitalised but 
focuses on: 

! Product data. 
! Design process data. 
! Design rationale data. 

2.1.1 Product modelling for integrated design 
Design activity is currently managed by a large group of 
designers that must share their points of view in order to 
have the product definition emerged from common decisions. 
Based on this Concurrent Engineering concept [26] , one 
goal of our research works on product and process modelling 
is to support the progressive product definition issued from 
multiple points of view knowledge integration (Figure 3 . ). 
In other words several designers have to share their 
knowledge (structural analysis, technological information, 
machining knowledge, etc.), to define and to integrate new 
data on the product definition. In this way, we aim to proof 
that the product and particularly its geometry can be totally 
specified by knowledge integration from the requirements 
list. Thus, each data is well justified and can be really taken 
into account in design reuse. 

Design activity is a progressive mapping of product 
functions to product technologies. These technologies are 
relating to mechanical components, machining technology, 
etc. According to the literature, three design phases 
(conceptual, embodiment and detail design) have been 
commonly accepted. Nevertheless, these phases are managed 
sequentially [20] , using axiomatic mapping [27]  or 
concurrently [2] . 

Based on an integrated design method, our product 
modelling tries to support strong links between functions and 
detailed product data [10]  [22] . This model is quite similar 
to the mostly feature-based presented by [12]  [13]  or [1] . 
Indeed, feature presented as “a semantically endowed object 
that accompany product development from the customer 
request through to product release” [24]  is very useful to 
define the multiple views product breakdown (cf. 2.1.2). 
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Figure 4 .  Product models as data support in conceptual, embodiment and detailed design

 

2.1.2 A strong link between functions and 
structure 

For conceptual and embodiment design, a function-structure 
model is presented. This model is a mix of several models that 
describe the functional and structural representations of the 
product. This representation is on the one hand based on bond-
graph theory to treat every kind of energetic field in the product. 
On the other hand the representation includes graphics and rules 
issued from Value Engineering tools as FAST diagram 
(Function Analysis System Technique). This model as presented 
on Figure 4 is used to progressively map product functions to 
product structure. Each function of the FAST diagram is linked 
to an energetic field that is kept coherent using the bond-graph 
theory. 

2.1.3 A multiple points of view product definition 
For embodiment and detail design a model for multiple view 
breakdown of the product is used. These feature-based  

 

decompositions complete the product definition adding new 
data and new constraints from specific points of view as 
Machining,  

Structural Analysis, etc. The model for multiple points 
of view is fully described in [28] . As shown on figure 4, this 
model represents on the one hand the structural breakdown 
according to the function-structure product model. This view 
is called the Technologic view. On the second hand, it is easy 
to create and represent new views (new decompositions) of 
the product (e.g.: the Tooling view). 

Finally, to have the product geometry emerged, the 
multiple product views are translated to both tolerancing and 
geometric views. These two common views appear then as 
the result of knowledge integration. We showed in this 
section, how viewpoint can be useful to represent product 
definition. Other viewpoint representation, especially those 
studied  [16]  in knowledge representation can be used for 
that.  



2.1.4 Computer based support for product 
modelling 

In order to create the project memory and the continuous 
capitalisation (see section 3), it is necessary to manage a lot of 
product models. This management must also be computer-based 
in order to improve the transparency of the capitalisation. 
Therefore, extra functionality (see section 2.1.4) are added to an 
already-tested Co-operative Design Modeller (CoDeMo). 

CoDeMo [23]  has been developed to support the product 
modelling previously presented. It actually supports every 
product data that are managed via a server agent. Each designer 
can access and modify the product models via a client 
application. Computer developments of CoDeMo are based on 
C++ libraries provided by ILOG4 Company. The functionality 
and features of CoDeMo (Figure 5 . ) can be summarised as 
follow:  

! To aid the creation of a product model using a Graphic 
User’s Interface (GUI); 
! To display the product data according to several 
representations (functional, geometrical…); 
! To manage the database and propagate data constraints. 
Change notifications mean that each creation, deletion or 
modification are propagated from the server to every client; 
! To support a Client/Server architecture in order to assist 
the co-operative work. The connections are currently done 
with RPC protocol but will be upgraded using CORBA 
technology. 
!  

3D viewer

Multiple representations

 2D viewer

Client-Server

Product model
management  

Figure 5 .  Functionality of a Computer-Supported Co-operative 
Design Modeller. 

2.1.5 Extra functionality for continuous 
capitalization 

In the objectives of continuous capitalisation, two extra 
developments have been specified on CoDeMo. On the one 
hand (Erreur ! Source du renvoi introuvable.), both product 
and process models have to be linked. This link has to be 
computer supported. On the other hand it would be interesting 
to manage product model via XML language (see section 3). 
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To link product and process models would be benefit 
in order to manage every modification applied on the product 
definition. This management would step by step create an 
history of the product model evolution during the design 
process.  

2.2 Modelling of Design Process 
In order to have a better understanding of product 
development process and design activities, it is often 
necessary to provide details of their organisation, progress 
and behaviour [10] . In this section, we detail briefly various 
modelling languages (IDEFØ, IDEF3, Petri nets, GRAI nets 
and UML State Diagram) before making a rapid comparison 
and argue of our choice for GRAI nets. 

2.2.1 Process modelling language 
With IDEFØ [8] , we get a modelling language with an 
efficient and simple use. It provides a good graphical 
representation of key elements of an activity. The activity is 
described with a box containing an active verb characterising 
the activity nature. A network of arrows links the boxes and 
details the relationship between activities. In this 
relationship, activities exchanges information or objects. 

IDEF3 is the issue of a research project on information 
integration for concurrent engineering [17] . The authors 
propose the description of process flow, precedence and 
causality relationship of activities and their logical junctions. 
The description of process flow uses the process flow 
network and is complemented with a representation of object 
state transition network. These two components allow to 
capture the behaviour and performance of process. 

Petri nets [18]  provide a structured description of 
process behaviour and allow performance assessment with 
associated mathematics tools. They are composed of two 
types of nodes: place and transition. The nodes are connected 
by direct arrows which specify the sequencing logic of the 
process. The place nodes could describe states of information 
or objects. The transition nodes represent operations or 
activities which are carried out on information or object. 

GRAI nets [21]  are based on three concepts: state or 
result, activity and support. States describe inputs and 
outputs (material or informational) of a transformation 
carried out by an activity. Activities represent operations 
performed between two successive states. Supports define all 
resources nature used by the activity. The graphical 
formalism could be translated in mathematical formalism 
thanks to the vectorial nature of states and supports : ∂i : (qi-1, 
xi) →  qi . GRAI nets provide specific models dedicated to 
discrete activity description, offering a satisfying 
characterisation of activity and having strong developments 
in terms of decision-making modelling.  

Unified Modelling Language (UML) is a modelling 
language based on object oriented technology [7] . This 
language gathers the various object approaches to enable 
software engineering modelling. For process modelling, the 
UML State diagram benefits from the reference and 
standardised approach of object oriented technology. It 



provides a state-event language and allows the modelling, 
analysis and specification of processes. 

The GRAI nets combine the main quality of the previous 
modelling languages but require some developments in order to 
take into account all dimensions of engineering design. With the 
clarification of activity nature between states, the model benefits 
from logical link with the product modelling [10] . Based on the 
information captured in GRAI nets, we are able to represent the 
behaviour knowledge and process sequencing and actions of 
design team, etc. 

2.2.2 Modelling of key elements of design process 
 [10] specify an extension of GRAI nets oriented to product 
development process modelling. He identifies three kinds of 
activities: design, execution and decision-making. The input and 
output states detail the information transformed by activities. 
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Figure 6 .  Sequencing of design and decision-making activities 

1- The design activity (Figure 6 . ) can be defined by its 
iterative, creative and basically human character. It includes the 
understanding and analysis of problems, and the search for, 
creation, synthesis and proposal of solutions. The design activity 
is characterized by: 

! the information transformed by the activity, which is 
represented by an input and an output state; 
! the activity supports, which are of three types: material, 
informational  and human resources; 
! the specific support of the design activity, which is the 
design framework i.e. objectives and design constraints. 

2- The execution activity is characterized by its procedural and 
often programmable or computational nature. It can describe the 
detail design of a part, the drafting of a document, etc. The 
execution activity is characterized by: 

! the information transformed by the activity, which is 
represented by an input and an output state; 
! the activity supports, which are of three types: material, 
informational and human resources. 

3- As design, the decision-making activity (Figure 6 . ) has a 
basically human character but it is purely decisional. This 
activity makes choices and decisions and selects alternatives in 
the development process. The decision-making activity is 
characterised by: 

! the information transformed by the activity, which is 
represented by an input and an output state; 
! the activity supports, which are of three types: material, 
informational  and human resources; 

! the specific support of the decision-making activity, 
which is the decision-making framework i.e. objectives, 
decision variables, constraints and criteria. 

2.2.3 Link between product and process 
Regarding the product development process, our aim is to 
capitalize the design history. This design history will be 
based on product and process modeling detailed above. It 
will provide a support to designers with the key elements of 
design project. The product dimension will be based on 
CoDeMo with a progressive history of product definition. 
The process dimension will provide a detailed description of 
activities, the organization and planning of the project 
according to [25]  and [6]  viewpoints. 

The continuous capitalization will ensure a quick and 
efficient knowledge capture. The capitalization of knowledge 
related to product will be transparently done for designer 
through CoDeMo. The process modeling will provide a 
detailed description of transformed flow, activity support, 
sequencing, behavior, etc. Thus based on these three 
dimensions of capitalization will obtain a strong environment 
of capture, modeling and reuse of design knowledge. 

2.3 Design rationale 
Design rationale can be defined as the rationale space for 
problem solving. This space concerns individual and 
collective dimensions. Generally, discussions, alternative 
choices, problem solving are fleeting knowledge in a project. 
Nowadays the challenge is to define methods and tools in 
order to represent the rationale of a project and to memorize 
it. This type of knowledge can be characterized as: 

# Problem definition: subjects, type, elements.  
# Problem solving: participants, methods used and 
potential choices. 
# Solution evaluation: rejected solutions and arguments, 
advantages and disadvantages. 
# Decision: solution and arguments, advantages and 
disadvantages. 
 

Several methods have studied how to capitalize 
problem solving knowledge by emphasizing the problem 
treated, the potential solving choices and arguments. We note 
for example in one hand, IBIS, QOC, DRAMA that represent 
the design rationale as decision space and in another hand 
DIPA and DRCS that suggest a problem solving modeling. 
Reader can have more details in [16]  about these methods. 

In this paper, we study relations between in one hand 
design rationale and in another hand, product and process 
models. So, we do not present design rationale capture 
process. For more details, see [4] .   
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Figure 7 .  Project memory structure 

 

 

 

2.4 Structure of project memory in design 
A project memory in design must consider the different part, we 
noted above. This type of knowledge can be organized as:  

# The project organization : 
! Participants, their competencies,  their roles in the 
project and relationships 
! Process, task organizations, constraints and 
requirements 

# The project environment: 
! Project goal 
! References, rules, methods and directives 
! Tools and techniques 

# Project realization : 
! Design rationale 
! Product description 

These elements have mutual influences that is important to 
emphasize in a project memory (Erreur ! Source du renvoi 
introuvable.).  

After presenting the different parts of a project memory, 
the next section describes how some of these knowledge as 
environment, organization, product knowledge and especially 

problem solving may be extracted directly from designer’s 
activity.  

3 DIRECT KNOWLEDGE CAPITALISATION 
FROM THE ACTIVITY  
Currently, designers mostly work by using design software 
(ex: CAD/CAM), etc. , They even use innovation tools for 
creating new ideas (ex: TechOptimizerTM). Our idea, is to 
extract the behaviour of designer by observing his activity 
when he uses software to solve a given problem. This 
behaviour can be kept as scenarios of used functions, 
corresponding data and documents produced, interactions (e-
mails, data exchanges, …), etc. We specify a web 
architecture (described in the next section) that allows the 
observation of the designer activity [11] . XML can also be 
used in order to structure data extracted as a behaviour 
model. A knowledge engineer can then analyse behaviour 
models and represent environment and problem solving 
elements in the project memory. Figure 8 .  illustrates this 
process.  

The observation of experts’ activity and problem 
solving has been largely used in knowledge engineering for 
knowledge extraction [3] . This technique is inherited from 
cognitive psychology and ergonomics. In this technique, the 
observer needs some elements related to the global project, 
before starting the observation. For instance, observer needs 
information about the step of the process the expert treats 



and corresponding constraints and requirements of the problem. 
In order to bring out these elements, the designer is first invited 
to identify the task he carries out when he uses software. This 
identification allows to establish the link between the behaviour 
model we observe and the project organizations and 
corresponding environment (design process model, actors, roles, 
constraints and requirements).  
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Figure 8 .  Designer activity observation 

We present in the following the Web architecture we 
defined for this aim. We show also how it can be used not only 
for designer’s activity observation but also for knowledge 
restitution.  

3.1 Web architecture  
In this paragraph, we present the main elements of the 
experimental platform developed for this project. The « project 
memory » is an application localized in one place in the set of 
entities participating to the project. Its role consists in 
recovering information linked to designers’ activities. These 
information received are heterogeneous. We have selected the 
XML language as the federal language.  

Our project memory software is based on both XML and 
Web technologies. In a first version, we have favoured the Java 
language because it proposes efficient solutions to insure 
interactions with XML and Web topics [5] . To manipulate 
directly an XML document, the SAX interface (Simple API for 
XML) has been required in the XML community because it 
proposes an event framework. To each step of the analysis 
process, SAX releases an event associated to the XML element 
of the document. An other approach, the DOM interface 
(Document Object Model) has been proposed by the W3C. 
DOM proposes an object representation of a XML document 
and provides tools for the manipulation of trees. The XML 
document in its totality is redefined in the memory. More 
specifically, the JDOM API is used in the Java community. It 
proposes a great number of simplifications in the use of DOM 
by a transformation of all DOM interfaces and DOM class in 
real Java classes. In a Web context, the Java main proposal is 
the Servlet concept that has allowed the use of all Java classes in 
the development of complex applications linked to Web servers. 

As summary, with the first version of our demonstrator, 
designers use a simple Web browser corresponding to Web 
applications localized on the central site (mail, agenda, 

document’s transfer, …). For the technical point of view, this 
first version has been realized with an Apache Tomcat Web 
server and several Java Servlets [15] . 

The version 2 of our demonstrator is still under 
development. However, we have already validated several 
elements increasing the functionality of the first version of 
our demonstrator. The main limitation concerns distant 
applications used by designers. It is indeed probable that on 
each site, particular applications will be used. In this case, 
we have to insure the information circulation to the central 
site. Brought solutions depend on the applications. 

3.1.1 Case 1: a Web software in a distant site 
A designer uses a Web application on its site. This first case 
is easy to manage. We modify HTML pages by adding 
Javascript functions. Thus, information are normally 
transmitted to the local Web server. After information 
recovery, the demonstrator broadcasts these data to the first 
Web server.  

3.1.2 Case 2: not Web open applications 
In the case of software developed for our project, it is 
possible to add a module of data recovery. We have 
implemented three approaches to insure the transfer of 
information to the central site. The first approach consists in 
an opening network connection (socket TCP/IP). We have 
used this solution for applications generally written in C or 
Pascal language. The second approach has been used for 
applications written in object language and especially in 
Java. The recovery module is a Java RMI client (Remote 
Method Invocation) that communicates with a RMI server 
localized on the central site. This RMI server is an additional 
element of our demonstrator. The third approach, more 
recent, is based on concepts of Web Services. A Web-
Service is an application based on protocols of Internet that 
provides a specific service by respecting XML exchange 
format. It can also be seen as an accessible transaction by the 
exchange of XML documents between two sites. Web-
Services represent the most promising solution for the 
integration of distributed services in a strongly 
heterogeneous context. Indeed, current solutions have some 
restrictions. The DCOM solution from Microsoft imposes the 
choice of the Windows platform. Java RMI and Java EJB 
(Enterprise Java Beans) support only the Java language. 
Finally, CORBA, the OMG solution uses only ORB. The 
main result research with the use of Web-Services is 
therefore a real interoperability of all applications. 
Components of Web-Services [14]  are mainly SOAP 
(Simple Object Access Protocol), WSDL (Web Description 
Service Language), WSFL (Web Service Flow Language) 
and UDDI (Universal Description, Discovery and 
Integration). 

3.1.3 Case 3: other cases 
In the case of the use of a closed software proposed by a 
company, the solution consists by asking an extension of this 
software to be able to provide information from designer’s 
activities.  



3.2 The representation of the memory using 
the Web architecture 

The project memory can be represented as a number of XML 
documents. These documents can be also linked to other data 
bases produced by specific product design (for instance 
CoDeMo) and process management tools. XML documents 
represent in fact, a flexible indexation of these documents. 
Automatic links (XLL) can be used to establish this flexible 
indexation and relations between all the parts of the project 
memory. The style sheets XSL is a good support to present the 
memory in different way corresponding to the needs of  the user. 
The representation of the project memory can be illustrated 
Figure 9 .  
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Figure 9 .  A XML representation of the project memory 

As we noted above, the activity observation can be also used to 
recognize knowledge from the memory. In fact, we plan to use a 
probability algorithm based on scenarios of activities in order to 
recognize the context of the designer and to propose a 
contextual access to the memory and problem solving part. The 
project memory can be viewed as a case base in which the 
environment, process and product knowledge represent the case 
definition and design rationale represents the case solution. So, 
similarity research algorithm can be used for case recognition. 
In project memory, the similarity can be based in different 
elements of the context depending on the current activity. So, 
the similarity algorithm must be flexible enough to support this 
type of recognition. Note also that some context elements can be 
included in the solution beside problem solving. We plan to test 
an algorithm based on the probability for this aim. In fact, 
information extracted from activity observation are used for 
knowledge recognition. Probability algorithm are used to 
compare these information with the project memory definition 
in order to recognize similar projects. The weight of the 
corresponding scenario is also incremented. So, designer can be 
assisted by the project memory.  

4 CONCLUSION 
Learning from past projects allows designers to avoid previous 
errors and to solve problems. A number of methods defined 
techniques to memorize lessons and experiences from projects. 
We study in this paper a traceability approach that allows to 

extract knowledge directly from designer’s activities. The 
basic principle of this approach is to observe a designer 
facing to a problem. We use web technologies in this aim, in 
order to establish a behavior model of the designer by 
extracting and linking functions and data he uses and 
produces. This behavior model can be then analyzed (by the 
knowledge engineer) and structured in a project memory.  

Our thesis is in the one hand, to keep track of 
knowledge without disturbing designers’ activities and in the 
other hand, guarantee a structured and intelligent access to 
the memory. For that, the direct knowledge extraction as we 
defined, can be also used to recognize knowledge from the 
memory and offer a contextual restitution of knowledge. In 
fact, the behavior model can describe some elements of the 
current context and needs of the designer. These elements 
can be matched with the memory in order to extract similar 
projects that can help the designer to solve  his problem. We 
plan to use similarity algorithm used in the Case Based 
Reasoning and Human Computer Interface techniques, for 
this aim.  

In a project memory different types of knowledge must 
be represented: environment description, process, product 
and design rationale. These elements can be structured using 
internal and specific representation usually adopted in 
engineering design. The project memory can point these 
elements as an intelligent index based on problem solving 
that is the main part of traceability. With this type of 
representation, we do not introduce heterogeneous 
representation coming primly from the cognitive and 
artificial intelligence science “as semantic network and 
cognitive models”.  
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Abstract.   Management consulting firms are considered typical 
examples of highly knowledge-intensive companies since they 
depend heavily on the expertise of their people and the nature of 
their assignments is knowledge-based. Hence, consulting firms 
have been in the forefront of thinking about how to manage 
knowledge However, one of the major knowledge management 
challenges in any organization is to develop a conceptual model to 
represent organizational knowledge and to use information 
technology for its effective implementation that would enhance 
right information access at right time. This paper reports our 
experiences in designing and developing a knowledge 
management framework in Management Consulting Services 
(MCS) of PricewaterhouseCoopers Ltd. in India (PwC India). This 
framework is based on a conceptual model where various 
knowledge sources at the content level interact to realize an 
integrated knowledge structure. Information technology is used 
here to realize an Intra-net-based framework that captures 
organizational structure and procedures and establishes semantic 
linkages among all the documents. Moreover, the framework 
supports sharing of informal or tacit knowledge that flows in the 
organization 1. 

 
1 INTRODUCTION 
 
Knowledge management refers to efforts to capture, store, and 
deploy organizational knowledge using a combination of 
information technology and business processes [1-2].  Knowledge 
management is a conscious strategy of getting right knowledge to 
right people at right time and put it into action to improve 
organizational performance. In recent years, knowledge 
management has become the terminology of many organizations 
in order to get competitive advantage from the efficient and 
effective use of their knowledge assets.  

Management consulting firms are considered typical examples 
of highly knowledge-intensive companies since they depend 
heavily on the expertise of their people and the nature of their 
assignments is knowledge-based and mainly project-focused. They 
put considerable emphasis on applied creativity for solving the 
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business problems of their clients. Their success depends on 
developing, selling and applying ideas to their clients. This puts 
heavy pressure on those firms to be innovative to meet the 
changing requirements of customers. Hence, consulting firms have 
been in the forefront of thinking about how to manage knowledge 
[3, 4]. KM facility can help to improve innovative culture through 
availability of right knowledge at right time and through 
knowledge sharing among the consultants. This would also avoid 
duplication of work, reduce learning time and improve the speed 
of implementation.  

However, one of the major knowledge management 
challenges is to develop a conceptual model to represent 
organizational knowledge and to use information technology for 
its effective implementation that would enhance right information 
access at right time. This paper reports our experiences in 
designing and developing a knowledge management framework in 
Management Consulting Services (MCS) of 
PricewaterhouseCoopers Ltd. in India (PwC India). PwC is a 
global consulting firm and its products and services are almost 
exclusively based on knowledge. Hence knowledge has been 
placed at the center of the PwC brand: "People, Knowledge, and 
Worlds" and PwC is always striving to set a new standard in 
managing knowledge to improve organizational performance. 

 
2 THE BACKGROUND  
 
Knowledge management is about process, not just digital 
networks. Most current knowledge management activities rely on 
databases and Internet systems. However, few organizations have 
a systematic process for capturing knowledge, as distinct from 
capturing information. Thus, the approaches to knowledge 
management usually focus heavily on management of document 
collections viewed as knowledge repositories to be accessed in an 
appropriate way. The initial knowledge management practice of 
PwC India also relied on storage and retrieval of information from 
large volume of documents, often stored in logically disjoint 
databases within the organization. Information technology in this 
context provided efficient support for document management. 
However, finding information in a situation is too often equated 
with retrieving the information from those disjoint databases. 
Moreover, it had difficulties to meet the flexibilities demanded by 
knowledge-sharing approaches to knowledge management [5]. 



 
 
 
 
 

Existence of disjoint discussion forums or several lesson-learnt 
databases failed to serve their purpose. In most of the cases, the 
key challenge was knowledge integration—linking the various 
sources at the knowledge-content level. 

If we view KM as a conscious strategy of getting right 
knowledge to right people at right time and put it into action to 
improve organizational performance, then this document-centered 
approach is truly inadequate. It only creates an over-abundance of 
information and data, not knowledge. The knowledge is not 
something that is “contained” in documents but it is something 
that can be generated or reproduced in the interaction with 
documents that needs to be viewed as “representations” rather than 
as “container”[6]. 

To address this issue, several researchers feel that current 
knowledge management practice significantly underutilizes 
knowledge-engineering technology [7,8]. The Knowledge 
engineering processes involves: using knowledge acquisition 
processes to capture structured knowledge systematically and 
using knowledge representation technology to store the 
knowledge, preserving important relationships that are far richer 
than those possible in conventional databases. In [8], three facets 
of the knowledge management task are considered: 
• Knowledge capture—In the group’s systematic knowledge 
acquisition process, a conceptual business model of the company 
guides case and rule capture. 
• Knowledge storage—The group uses a knowledge representation 
language to codify the structured knowledge in several knowledge 
bases, which together make up a knowledge repository. 
• Knowledge deployment—Through standard Web browsers on the 
company intranet, group members can run the knowledge bases 
within a knowledge server. The server answers queries far more 
complex than those possible with conventional database systems. 

However, it is very difficult to integrate expressive reasoning 
tools with intranet knowledge management environments such as 
Lotus Notes/Domino. Therefore, it seems reasonable to conclude 
that while knowledge-engineering processes are ready to bring 
significant benefits to knowledge management projects, the 
implementation is still a complex task [8]. Abecker et al., [9] 
propose an approach to build up a KM framework from existing 
documents to avoid employee’s resistance and work disruption.  

Thus, a knowledge engineering approach is needed to develop 
a proper conceptual modeling of the organizational knowledge in 
order to structure the KM process. At the same time, a simplified 
implementation mechanism needs to be used to ease the process of 
developing and augmenting the knowledge system.  

With this objective in mind, a KM framework, Knowledge 
Point, has been designed as a single-window access to the PwC’s 
online resources, allowing quick access to internal and external 
information, including resources of different strategic business 
units (SBU) within the organisation, industries, clients, projects 
and people. This framework is not a mere repository of documents 
but various sources at the knowledge-content level have been 
integrated to realize an integrated knowledge structure. 
Information technology is used here to realize an Intra-net-based 
framework that captures organizational structure and procedures 
and establishes semantic linkages among all the documents. 
Moreover, the framework supports sharing of informal or tacit 
knowledge that flows in the organization. The framework supports 

different collaborative tools so that the people can participate in 
different communities of interest or special interest groups to share 
their views and ideas and can learn from experts within the 
organization in an informal way.  

 
3 A CONCEPTUAL MODEL  
 
Acquiring and structuring corporate knowledge has proven to be 
the bottleneck in the design of effective knowledge systems for 
organizations [8]. To overcome this difficulty and to ease the work 
of the analyst building the KM system, the choice of knowledge 
structuring and the type of knowledge to capture are critical. For 
each domain, a body of knowledge exists and is maintained in 
different forms (formal and informal, structured and unstructured, 
as books, documents, procedures, database, etc.). The issue of 
what knowledge should be considered as candidate for KM system 
can be clarified if one distinguishes the different layers of 
knowledge existing in an organization and their interaction 
pattern. 

In this context, the organization can use the knowledge-
engineering process to define an organizational knowledge 
model—a knowledge map [10] — which delineates the 
relationships that bind the multifaceted knowledge management 
system at the knowledge-content level. The actual software-level 
bindings can use hyperlinking, or any one of a host of distributed 
computing techniques. 

We have done it as a two-level process. First, we have 
identified the primary entities of PwC and their interrelationship to 
derive a conceptual model of the organization. An explicit 
conceptual model of this kind is commonly called ontology. This 
is shown in figure 1 as enterprise ontology [11]. At the most 
rudimentary level, the management consulting practice of PwC 
India is structured in the form of several Service Line or Strategic 
Business Unit (SBU), each unit specializes in providing a specific 
type of service to their client. Each SBU deals with projects for 
their clients; however, a project may require expertise from 
multiple SBUs. Each SBU follows a set of methods and 
technologies to solve the business problem for its clients. An 
employee of PwC normally belongs to a particular SBU. A client 
belongs to a particular type of industry. So the industry-specific 
knowledge is also required to provide service to the client. The 
enterprise ontology shown in fig. 1 represents this description. 

Based on enterprise ontology, a knowledge network of PwC is 
defined in fig 2. As indicated earlier, in PwC, each SBU executes 
specific type of projects for a set of clients using a set of 
methodologies; each client belongs to a particular type of industry; 
people of PwC work in multiple projects, interact with multiple 
clients and have multiple expertise. So, there are documents 
related to different types of industries, different clients, lesson 
learnt from different projects and the methodologies followed, 
people involved in projects, their skill-sets and the practices and 
strategies of SBUs within the organization. All these documents 
are appropriately cross-linked so as to form a mesh-structured, 
continuously evolving  knowledge-base of the whole organization. 
The basic idea is to enable users a meaningful and prompt 
navigation through this knowledge network. For example, a user 



 
 
 
 
 

viewing a project description in KnowledgePoint may be 
interested to know the following:  
¾� Similar project descriptions; 
¾�Detailed description of client for whom the project has been 

carried out;  
¾�Other projects done for the same client;  
¾�Details of the methodology / technologies used;  
¾�Description of the industry-type where the client belongs;  
¾�Other clients belonging to the same industry-type and the 

type of projects done for those clients; 
¾�Details of people involved in the project and their skill-sets; 
¾� People having expertise in handling similar projects using 

similar methodologies / technologies; 
¾� People having expertise in similar industry-type; 
¾� People worked with that client on different projects; 
And, so on. This justifies the need for providing cross-linkage 
among all six entities, as shown in the figure 2. 

The implementation of this conceptual model to realise a 
knowledge management framework will be discussed in section 5. 
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Figure 1. Enterprise Ontology of PwC 

 
4 TECHNICAL ARCHITECTURE 
 
Recent advancements in information technology, especially 
network technology, has provided a strong infrastructure for 
knowledge management. It enables group members to break the 
bonds of time and space in communicating and sharing views, 
ideas and experiences. An online electronic discussion forum does 
not require you to wait till the other person completes expressing 
her views. Finally, these views can be structured in an organized 
manner to give rise to an organizational memory. Networked 
computers might provide the basis for a "nervous system" that 
could be used to implement the capacity for organizational 
memory [10]. The technologies that are in use to manage 
knowledge include the traditional Groupware products and recent 
Intranet Technologies. Groupware allows the organizational 
record to be built in the course of everyday communication and 

coordination. Intranet provides the ability to organize, access and 
display this rich informational web. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The  Knowledge Network for PwC 

 
Recent developments in web technology have enabled true 

platform independence at the client end. It also provides universal 
single window access to various new and legacy systems. Easy 
accessibility from anywhere is another important feature of the 
web technology. The open technology and standards of the web 
technology are not proprietary and we don’t have to get locked to 
one vendor. Web solution providers are working towards 
incorporating as many Groupware features as possible in to their 
products. At the same time, Groupware vendors are also making 
their products web compatible. Lotus Development Corporations’ 
Internotes 2.0 and Domino servers make the world’s largest 
Groupware, LotusNotes, web compatible. It converts the Notes 
documents to HTML format on fly to make it available to a 
standard browser. It enables active interaction between Notes 
Databases & standard web browsers and supports all Internet 
applications, standards & protocols. Thus, two technologies are 
converging to one, incorporating each other’s features to gain the 
competitive advantage.  

The technical architecture is shown in fig.3.  Lotus Notes 
Databases store information in documents about projects, clients, 
industry, people and other related information. All information are 
appropriately cross-linked using hyper-linking to generate a mesh-
structured knowledge-base. Agents perform tasks which are either 
manual or scheduled or are initiated form the web. ASP provides 
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authentication for user, personalization and captures the user-
count and login time.  

 
5 IMPLEMENTING KNOWLEDGEPOINT 
 
Based on the conceptual model and technical architecture 
described above, a knowledge management system called 
KnowledgePoint has been implemented in PwC India as a single-
window access to its knowledge network. The entry-page is shown 
in fig. 4. The entry-level page consists of the primary entities as 
depicted in the knowledge network shown in figure 2 and few 
other related entities. The functions associated with major entities 
are described below: 

 
5.1    Client 
 
The ‘client’ hotspot leads to a frame which has 2 icons: Client and 
Project. The list of clients can be also sorted by type of Industry. 
On clicking the ‘client’ hotspot, the system gives a list of all 
clients that have been serviced by the organization. Each client 
page gives the following detailed description related to that client: 
¾�Client description 
¾�Client Financial data 
¾�Client Industry and Business model 
¾�Clients office network 
¾�Key client contacts 
¾� PwC personnel who have interacted with client 
¾� Services offered to client 
¾�Clients Competitors 
¾� External news of client from different sources 

Each of these are linked to further information, if the reader 
requires to know. 
To create the above profile of a new client in KnowledgePoint, 
there is a ‘Create Client’ button, which on click, gives a skeletal 
client profile (standard template). The user fills in the details and 
uses the ‘Save’ button on the frame to save the client profile. 

From this page, there are links to other web pages such as: 
¾�Clients web site 
¾� Parent company site 
¾�Competitors web site 
¾� Link to Industry page on KnowledgePoint 

Similarly, when one clicks on the Project hotspot, it gives a 
list of all projects listed alphabetically. They may be sorted based 
on the service line or SBU. 

On clicking a specific ‘Project’, it gives the profile of the 
project with respects to these information: 
¾� Project Name and Project Code 
¾� SBU Æ linked to Service Line (or, SBU) page handling this 

project 
¾�ClientÆ linked to client page for description of the client 
¾� IndustryÆ linked to industry page for detailed description of 

the industry-type 
¾� Scope of the ProjectÆ linked to projects with similar scope 
¾� Brief Description 
¾� Project Timelines 

¾� Project Staffing Æ linked to Human Resource page for 
details of individuals involved 

¾� Project Site 
¾� Key Business Practice / methods / technology used Æ linked 

to knowledge repositories 
¾� Key Business Practice/ methods/technology used Æ linked to 

similar projects 
¾� Solution Proposed 
¾� Business Benefits 
¾� Non-standard solution that has been developed 
¾� Lesson learnt 
¾� Technical Architecture usedÆ linked to similar projects 
¾� Project deliverable Æ linked to relevant databases for details 
¾� Project documents Æ linked to relevant databases for details 

This also serves as a template while creating a new project by 
clicking “create project” button. Each item described above 
consists of a brief description against each item and linkage to 
other pages, whenever needed.  

 
5.2   Service Line 
 
The service line hotspot leads to page giving the various business 
units (SBUs) of PwC.  On clicking a particular SBU, it may lead 
to a page containing different sub-SBUs under that SBU. On 
clicking a sub-SBU, a page containing the sub-SBU profile is 
presented in this format: 
¾� About us 
¾�Methodologies Æ linked to knowledge repositories for details 
¾� Technology Æ linked to knowledge repositories for details 
¾� Project / Client: List of projects and clients: completed / on-

goingÆ linked to project/client pages 
¾� Staff Profile: List of employees in the SBU with their 

expertise / skills /current projectÆ linked to Human 
Resource page. 

¾� Training: Training courses offered Æ linked to Training 
Database and E-Learning site (a web-site for Learning and 
Professional Development of PwC India) 

¾� Knowledge Repository Æ linked to Knowledge Resources 
page, Standardized document, templates, methodologies, Best 
Practice Databases 

Without detailing further, we will explain very briefly the other 
items and their linkages. 
 
 

5.3   Industry 
 
This contains the description of different type of industries, 
categorized on the basis of strategic focus of PwC. Some examples 
are: Consumer and Industrial Products, Financial Services, Energy 
and Mining, Service Industry, Technology-Information-
Communication and Entertainments, etc. Each category is linked 
to a set of sub-categories, which finally provides a list of clients 
under it and detailed description of the industry-type. Clients page 
can be accessed from this page too. 

 
 



 
 
 
 
 

5.4   PwC India 
 
It contains all types of corporate information with appropriate 
linkages to other pages, internal communications, press releases, 
leadership messages, global and local announcements, 
organizational charts, policies, service descriptions, leadership 
profiles, recommended knowledge resources. 

 
5.5   Human Resources 
 
It provides information on the staff profiles, their  expertise / skill-
set. Each staff is linked to individual description, SBU, project 
worked in, client and/or industry pages, depending on his/her 
expertise / experience in those areas. A user can navigate through 
Training Database from here to see list of courses and other 
training-related information. The HR page is also linked to another 
HR database which is used for communicating HR related news to 
the organization. This prevents any duplication of effort. 

 
5.6   Knowledge Resources 
 
The knowledge created within PwC gets translated into 
methodologies, policies,  new tools, new methods and lessons 
learnt. The link ‘ Knowledge Resources’ provides window to all 
this information that is the unique to the organization. It also links 
to the library, PwC publications and other external knowledge 
repositories. 

 
5.7   Discussion Board 
 
This is an area to share and capture  informal knowledge. This 
type of informal interaction through discussion board can become 
a powerful stimulus for the collaborative development of new 
concepts and ideas.  People can create special interest group or 
Communities of Practice [4]. Community of Practice can be 
formed in different ways :  
¾�Certain topics that all practice members discuss and are 

interested in; 
¾�Mutual engagement and binding to an entity: either a work-

group within a SBU or a project; 
¾�A shared  repertoire of knowledge about a topic of mutual 

interest that all practice members have developed together. 
Discussion Board enables open communication and knowledge 
sharing within the members of different Communities of Practices, 
created dynamically and spontaneously. Threaded discussions can 
be incorporated by integrating email and web functionality. A 
threaded  discussion organizes what amounts to emails around 
subjects and discussions. The  discussion is accessed using the 
web browser and the user generally starts by  viewing an index of 
the contents in her web browser. Generally the index is  organized 
by subject, with the primary statement listed first and the replies  
underneath organized by date and author. To view the  content, the 
user selects the link. To add a response, a form is included with 
each  message-type. 

 

5.8   Help Desk 
 
Help desk is a facility given to the staff to request for expertise 
from the SME of that subject. This results in leveraging the 
experience of the SME to provide instant /earliest possible 
solution to any query by the user/staff. This provides a support for 
informal learning. 

 
6  SECURITY ISSUES 
The biggest concern most executives and managers have about 
implementing an Intranet is security. We can make a security 
scheme with a lot of protection at every level, say, by means of 
passwords. But then we will be limiting the usage of knowledge. 
Security, therefore, is a continually changing balance of value, risk 
and practicality. The toughest part of developing a security 
strategy is determining what needs to be secured, and from whom. 
Security is not free. Every time the security level is tightened, the 
organization pays in terms of increased complexity of access, 
increased response time, and reduced communication.  

Care needs to be taken that this information should not be 
accessible to an unauthorized user. For this purpose, login-ids 
have been created for all PwC employees. When he tries to login 
from a remote site, the proxy server asks him for its identification 
(unique user-id and password) and allows connection only after 
authenticating the user. However, not all information that is 
available on the content pages is for everybody. For this purpose, 
we have developed a privilege table. A privilege table contains a 
row of all the unique security classes of information and a list of 
all users with access to the system. The cells in the resulting table 
are used to record the access privileges of each user. In each cell a 
user either has access or does not. Privilege tables are popular 
because they provide a documentation format that can be easily 
implemented in an automated access control program. When a 
user logs on, the system authenticates her. When she requests 
access to particular information, the software looks at the privilege 
table to determine if she is authorized. This type of system not 
only simplifies the management of who gets access, but it 
simplifies access for the user. Because of the privilege table, the 
user only has to be authenticated once, rather than at each access.  

 
7 CONCLUSION 
We have described here the design and development of a 
knowledge management system in PwC India. This system is 
based on a conceptual model where various knowledge sources 
at the content level interact to realize an integrated knowledge 
network. Information technology is used here to realize an 
Intra-net-based framework that captures organizational 
structure and procedures and establishes linkages among all the 
documents. One of the important issues in this context is the 
maintenance of this knowledge network. This network resides 
in a dynamically changing environment and is subject to 
frequent changes and adaptations. The development of tools 
and methodologies for an efficient maintenance of this kind of 
network is thus a crucial research topic. In particular, we 
identify two major maintenance-related questions. First, the 



 
 
 
 
 

insertion of new knowledge elements into any one of the 
entities in the knowledge-net requires establishment of 
appropriate linkage with other knowledge elements in other 
entities. Currently, this has been done manually by knowledge 
management group; however, we are investigating possible 
approaches to create these linkage automatically, using e.g. 
document analysis techniques. Second, there need to be some 
mechanism to delete old and obsolete knowledge elements 
from the knowledge net. The size of the knowledge-net should 
not grow indefinitely. Moreover, apart from having a good 
technical infrastructure, it is also important to have top 
management commitment, appropriate culture and 
measurability of improvements at every stage. Hence, 
knowledge management is more often a managerial issue than 
a technical issue. In order to sustain the effectiveness of a 
knowledge management framework, a culture of sharing 
information and knowledge needs to be developed within the 
organization. To ensure such a culture it is important to make 
people realize the importance of sharing information and 
helping each other. Integrating KM initiatives with the 
organizational processes and rewarding knowledge sharing and 
knowledge creation are two major steps towards this direction. 
Formation and development of special interest groups is also 
one time-tested approach to initiate such cultural change. This 
change is essential to ensure that individuals do not reinvent 
the wheel within the organization. Managerial challenge in 
developing special interest groups is to synchronize the 
objectives and goals of these groups with that of the 
organization. 
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Abstract. Both managerial, economic and competitive concerns in 
corporate practices as well as questions raised about the production 
of applied sciences explain the development of the vast field of 
research relating to sciences and the process of design which has 
emerged over the last ten years. The design process is complex and 
depends on knowledge mobilized by actors with regard to an object 
being produced. Existing research has primarily focused its 
attention on one of the three variables generally studied 
(knowledge, actors or object in progress), thus running the risk of 
divided and devalued comprehension of the whole phenomenon of 
design.  
 

We offer a model (called the political model of the cooperative 
production of knowledge) which intends to show how what is 
designed is strongly dependent on the knowledge mobilized and 
produced by a group with various boundaries but considered as a 
democratic place (where democratic is understood in general term 
to describe a politicized place according to the political perspective 
in organization theory, thus as a place of conflict, compromise, of 
avoidance… [11]) where fundamental stakes around the object in 
production are raised. We then see the expertise as a creative 
political and opened-debate process of collective intelligence. We 
will propose an illustration of our reflection around the Shared 
Medical File (SMF), which represents a main but recent stake and 
object of interest for a sector being fully restructured. 
 
 
1. THEORICAL BACKGROUND AND 

QUESTIONS 
 

The innovation process involves designing and developing new 
products and services. The major process in innovation is the 
process of design and the development of objects, products or 
material or non-material systems. The activity of design however is 
still little known and the process of design remains difficult to 
model, particularly when we consider specific application fields. 
Several descriptions of the design process have been proposed. 
They are still too often a more or less faithful adaptation of the 
model of applied sciences. However, over the last few years, other 
approaches of design have developed which are based on the 
cognitive process, conversational practices, or on emerging 
phenomena of self-organization. 
 

These rest on the realistic postulate that the identity of the actors 
involved in the design process is given at the beginning of the 
process and that much of the knowledge produced during the design  

 
 
process results from knowledge available, from characteristics of 
the world or constraints resulting from modeling and not from the  
very relative configurations of political patterns between the 
involved actors.  
 

We adopt a pluralistic (or radical) perspective of organizations, 
by opposition to a rational or unitary perspective according to which 
an organization is considered as one actor with one set of coherent 
interests  and beliefs [3]. 
 

However, the current context is characterized by a real rise in 
uncertainty, risks of all kinds3 and controversies in professional 
knowledge [18], both in the sciences and in industry and 
technologies. In some fields, knowledge is passing through a crisis 
of legitimacy which is all the more strong since scientists in related 
disciplines and in so-called civil society have decided to take part in 
debates, thus amplifying them. 
 

The design process is also concerned by these debates. The 
products of the design sciences relate to objects or systems built by 
human beings for human use. For this reason, the successful 
development of these systems involves taking into account the 
human aspects (dimensions) related to their design and their 
widespread use in society. These human aspects bring essentially 
into question the political dimension of the activities of design. 
What is political in the context of design ? It relates to what it is 
good and right from the point of view of all the interested parties 
(considering interested parties as actors who have interests to 
express and defend [9]). This definition is dependent on the 
relations of power which exist between the various actors and which 
become the basis for their collective and organized action. This 
definition is also dependent on the various representations of 
contexts and actions the actors mobilize during discussions and 
which lead to “negociated belief structure” [19] 4. 
 

 
3 This situation is related to the expansion of "biosocial " techniques (food, 

health, environment...) and to the extent of the associated collective risks 
("mad cow", genetic engineering, pollution...) [6]. 

4 According to Donnellon, Gray and Bougon [5:53], « organizational 
members have two alternative sets of organizing tools at their disposal : 
(1) shared meanings and (2) shared communication mechanisms. ». We do 
not adopt the position of Weick [20] for whom « sharing of beliefs is not 
essential to the perpetuation of interlocked behaviors » [20 : 98] according 
to his concept of double interaction. We recognize that organizational 
members share some commun representations (social or collective 
representations, [16], even if what they share is not numerous. 

 



This power relationship is based on the respective resources, 
information, or formal position inside organizations [15] available 
to the various actors engaged in the design situation. This means on 
the one hand that the potential participants in the design situation 
are not necessarily all “actors” in the beginning;  and, on the other 
hand, that all actors do not have the same strategic capacities given 
their situation. In the concrete activities of design, this takes the 
form of a hierarchy in the categories of knowledge and then a 
hierarchy in roles and status : with on one side skilled actors, who 
mobilize specialized, standardized, sometimes certified knowledge, 
and on the other side unskilled (profane) actors who take part 
directly or indirectly in the effort of design or who will be impacted 
by the object or system designed. 
 

The design process is also dependent on what degree the group 
of designers is open to others. In industrial projects, this openness 
can take the form of taking into account manufacturers, customers 
and any other actor who was once excluded from the traditional 
approach of design (operators, sales, maintenance or after-sales 
staff). This is one of the stakes of converging engineering : since 
members inside groups use various political processes of influence 
so as to make the group adopt an agreement5, how to make a 
success of the identification and integration of new actors to 
improve the process of design and its impact on the object 
designed? 
 

It is on the basis of these points that this article proposes a 
political model of design, by raising questions on two variables 
which are the production of knowledge and the composition of the 
group, and which play a role during activities of design. According 
to the political metaphor, the article seeks to better understand the 
design of objects that we call " constitutional objects ", because they 
have a dual political status (sanctioning of an agreement on the 
basis of facts resulting from a communication process) and a 
cognitive status (a framing, an action plan, a representation of these 
facts or more precisely the representation of knowledge resulting 
from an epistemic process). 
 

The aim of this article is to propose a political model of the 
design process around two dimensions which are fundamental for 
us : knowledge management and management of the collective. We 
adopt a managerial point of view and then wish to produce methods 
of assistance to the project managers and originators. 
 

We will illustrate our modeling of the process of design using 
examples from software engineering, the design of information 
systems and a field currently under study which is the Shared 
Medical File (SMF) in the field of Telemedicine. 
 
 
2. A POLITICAL MODEL OF THE CO-
PRODUCTION OF KNOWLEDGE  
 

A presentation of the two axes of the model (§ 2.1) will enable 
us to propose a schematic of this model (§ 2.2). 
 
                                          

                                         

5 Mintzberg [9] has identified 13 political processes (the construction of 
alliances, the construction of empires, the rivality beween two sides, 
specialized competence …) inside groups or organizations. More 
synthetically, Moscovici and Doise [13] propose 3 processes named 
conformity, normalisation and polarization. We could add another process 
related to enactment : adopting a 2th order definition of a problem in order 
to escape misunderstandings  and unsuccessfull debates [21]. 

2.1 The two axes of the political model of design  
 

We propose a political model for the cooperative production of 
knowledge, based on two axes : 
- the first axis is concerned with the field and the degree of 

cooperation between specialists and laymen in the production 
of knowledge : from a simple unilateral application of 
universal knowledge to the cooperative formulation of what 
counts as a problem (problem setting). 

- the second axis is concerned with the degree of structuring and 
legitimacy of the collectives engaged in the collective action : 
from the restricted team of originators producing an “enclosed” 
but legitimate knowledge to an extended collective uniting all 
the stakeholders6, including emergent ones (external 
customers, trade union organizations, users, suppliers, 
partners…) 7. 

 
On the axis of the production of knowledge, the principal 

dichotomy involves the division between specialists (or skilled 
people) and laymen. Along this axis, the joint production of 
knowledge can take four distinct forms (or four situations) : 
- on a first level, cooperation does not exist. The object to be 

designed (artifact, product, service, component, decision...) 
results essentially from the application of universal knowledge 
by the specialists8. The production of knowledge concerns the 
originators exclusively. 

- on a second level, cooperation between specialists and laymen 
is limited to the adaptation of the object designed by universal 
knowledge to the particularities of the contexts of application. 
The originators only marginally integrate some knowledge 
which is specific to the needs" and use of the objects. 

- on a third level, cooperation is characterized by the opening of 
the collective of originators to all skills and knowledge, 
making it possible to enrich the knowledge to be produced in 
the design of the object within the framework of a given 
problem (cooperative problem-solving). In software 
engineering, RAD/JAD methodologies could be classified on 
this level. 

- on the last level finally, cooperation extends to the 
identification, formulation and negotiation of the problem 
involved in the production of the new knowledge (cooperative 
problem-setting). This level presupposes the construction of a 

 
6 The stakeholders are the individuals or the groups who depend on the 

organization to achieve their own goals and on which the organization 
also depends. The stakeholders of a firm or a project are often identified 
thanks to cartographies based on matrices of power/interest [10], which 
confirms the importance of political models of design. 

7 This axis should be related to work on the socio-dynamics of groups 
involved in the management of complex projects. Such work often 
correlates energy spent by the potential actors of a project (high, average, 
low) with the degree of synergy or else antagonism they are likely to 
express on the project. The art of project management would then involve 
maintaining and then widening the base of synergistic actors and 
controlling and circumventing antagonistic actors. 

8 Universal knowledge is a form of knowledge obtained by codification. 
Codification of knowledge is a conversion process of knowledge into 
message, wich can then be manipulated like information. Codification of 
knowledge is based on prerequisite of fundamentals and applided 
sciences. Knowledge is considered “universal” for three reasons : it is now 
freed from its link to a person (reification); its use is very little dependant 
from its context (decontextualization); its structure has in principle been 
optimized (rationalization). On the contrary, knowledge is considered to 
be “general” if it comes out of a political process of negociation rather 
than out of a technicist process of modelling. General knowledge deals 
with singularity of phenomenoms rather than search for regularity. 

 



"space of intersubjectivity" which is not limited to the 
cognitive treatment of the object being designed (proposal for 
solutions, evaluations, goals to continue) but covers also 
axiological, ethical and moral dimensions. This level of 
cooperation results in the manufacture of general knowledge 
(by integration and rearticulation of local specificities) rather 
than universal knowledge (decontextualized and standardized). 

 
The development of a dialogue between the various stakeholders 

is related to the increase in situations of uncertainty and risk. The 
options taken by the various groups become the subject of 
controversies (on the stakes, impacts, adopted solutions). These 
controversies involve an increasing exploration of the situation : 
actors and groups concerned (interest, identity, capacity...), various 
problems and links between them, solutions and feasible options. 
By integrating a plurality of points of view, requests and 
expectations, these controversies thus lead to the production of new 
knowledge through various phenomena of learning. Such a widened 
discussion shows that specialists and laymen and more generally 
each category of actor holds specific knowledge, involving 
diagnosis of the situation, interpretation of facts and the range of 
possible solutions. There is in fine a collective benefit which is the 
improvement of mutual knowledge. 
 

On the second axis related to the structuring of collectives (or 
formation of groups), the main dichotomy rests on the distinction 
between instituted groups and emergent actors. Along this axis, the 
joint production of the collective can also take four distinct forms : 
- on a first level, the groups of design are already formed. There 

is no place for actors or groups of actors whose identity, 
functions and methods of intervention during the design have 
not already been perfectly defined. The stakeholders that might 
be concerned in fact delegate their rights of expression to these 
instituted representatives. In software engineering, this is 
typically the case of representatives of users who take part in 
Users Committees of the project in order to contribute to the 
design of the future system, to prepare its implementation, and 
to take part in its launch. 

- on a second level, often related to the rise of controversies or 
dissatisfaction surrounding the design of the object, emergent 
groups appear whose identity, composition and borders are 
specified only gradually. In this phase, the essence of the 
difficulty for each group revolves around the constitution of a 
specific identity and means to be heard. In sophisticated stages 
of development in projects characterized by strong relational 
complexity, the stake rests precisely on the redefinition of the 
field of the actors which is no longer given, and on the 
comprehension of the socio-dynamics which drive them. 

- on a third level, emergent groups initiate a dialogue with other 
emergent or already constituted groups. This third level is 
characterized by strong interactions and significant 
communication between the various groups. In terms of 
piloting, this stage is often most critical since it leads to the 
structuring of a " public opinion " whose points of view start to 
be articulated and which crystallize many conflicts within the 
process of design. This is why pilots often then begin to " 
deconstruct" the position of the actors by proposing for 
instance another formulation of the original project. 

- a fourth level finally sees a new collective being born which 
has known how to carry out the necessary compromises and 
adjustments with all the stakeholders. We call these groups 
"extended collectives" (because of their dual sense of the 
variety of mobilized knowledge and the variety of interested 
parties taken into account); these groups are no longer limited 

to a mere aggregation of individuals or to already constituted 
groups but result from a political process of formation (in the 
sense of the formation of a political group). 

 
2.2 The political model of design and the 
organization of collective design  
 

We represent the political model of design with the following 
diagram : 
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Figure 1. Political Model of Design 

 
 

This model makes it possible to explore the multiple possible 
configurations of the process of design, keeping in mind that the 
two variables suggested can be analyzed both in an asynchronous 
and synchronous way. Thus it is possible to move along the axis of 
the production of knowledge without altering the modes of 
constitution of the groups. In the same way, it is possible to move 
on the axis of the composition of the groups without altering the 
methods of organization of the production of knowledge. The 
interdependence between the two variables will however be very 
strong in situations of design where uncertainty, risks or 
controversy between the stakeholders will be determining elements 
in the design situation. 
 

The political path charted between the idea or the request and the 
finally designed object will depend on many devices conceived to 
better integrate the points of view of the actors involved in the 
design and to thus support the production of shared knowledge. 
 

Some of these mechanisms are located  at the bottom and on the 
left of the model whereas others, which are more participative, are 
on top and on the right of the model. Muller and Ali [14] have 
established a recent theoretical framework for the participative steps 
which can concern various stages of the life cycle of software. 
 

Among the most frequent devices, we can mention 
benchmarking (which sometimes makes it possible to justify in 
advance, without debate, the choice of one data-processing solution 
over another), investigation of user-satisfaction, calling on experts 
like ergonomicists, trainers or managers in order to adapt a 
disfunctional system to a particular context of use, the installation 

 



of interface roles between stakeholders (correspondents, project 
managers-users...), the creation of new roles (like monitoring of 
information systems or CKO’s to manage knowledge), participative 
techniques of design (like RAD), the direct set-up of integrated 
software packages of management which make it possible to 
implement an international professional standard without having to 
define the specific needs of the firm, the installation of pilot projects 
in order to try out a technology9 and finally the development of 
levels of description (or abstraction) in the system to reduce the 
semantic distance between the language of the users and the 
conceptual language of the dataprocessing specialists (for example 
the hierarchy of the levels "external-conceptual-internal" in methods 
of design). We can also mention a significant recent trend which 
aims at defining governance of information systems in firms10. 
 

Each one of these steps presents strong points but also flaws. 
What is thus important is to be able to establish criteria to evaluate 
the various design stages. 
 

These criteria must be consistent with the model presented, i.e. 
explicitly taking into account the axis of the production of 
knowledge and the axis of the formation and mobilization of the 
groups. These criteria can be structured around three dimensions :  
- degree of involvement,  
- level of implementation,  
- induced learning. 
 

Areas Criteria 
Intensity (participation of non-
specialists) 
Opening (in terms of diversity of the 
consulted groups) 

Degree of  involvement 
 

Quality of contributions 
Technical conditions of access to the 
discussion 
Transparency and “traceability” of 
argumentative exchanges  

Level of implementation 
 

Clarity of the rules for organizing 
debates 
Shared expertise Induced learning  
Interactivity between participants  

 
                                          

                                         

9 It is often necessary to recreate on the "outside" (in the organization, a 
department...) the conditions of the environment of design ("interior") 
where the system was developed. This results in the installation of pilot 
projects, which are contexts generally furthest away from the normal 
operation and routines of the company, where one has gathered the most 
"advanced" and most desirous users  of the product, where nothing is left 
to chance in term of training, and  where the project team is most 
motivated. This is what explains the frequent difficulties of deployment in 
departments which were not pilot environments, and which can lead in 
certain projects to the abandoning  of the installation. 

10 The governance of a company refers to the whole of its practices, 
structures and the procedures which specify the division of the capacity, 
the distribution of the responsibilities and the modes for control between 
the various participating components of an organization. The structure of 
governance establishes which interests the organization should be 
dedicated to and how its objectives and its priorities should be selected [8: 
231-232]. The CIGREF, a french trade association representing the 
Management Departments of Information systems from the principal 
major French groups registers the "control mechanism of information 
systems in the strategy of the company" as the nodal point of its new 
associative project « CIGREF 2005” (doc. Ronéo). It is known as that "the 
control mechanisms of information systems raises the question of 'how the 
systems of information are controlled are directed’ ". 

Figure 2. Procedures for the participative design  
 

This model seeks to describe one of the dynamics at work in 
design processes. Its objective is to understand how to better control 
dynamic cooperative production of knowledge and take into 
account stakeholders within the activities of the design of products 
and services. The fact of design is seen here as a political process 
and design as a political activity itself aiming at producing an object 
as a “ constitution “ 11 around a dual compromise : closure / 
openness (groups) - universal/general (knowledge). 
 

But process dynamics is complex, iterative, unforeseeable and all 
the more so since the object of the process is " something " which 
must pass from the status of an idea to the status of an object of 
work and then to a final product containing knowledge on itself and 
on its design context. 
 

This object to be constructed thus also becomes an object in the 
process of being constructed and, as such, incorporates and 
crystallizes positions, divergences or agreements at critical stages in 
the design process. The object to be produced is thus also a 
constituting object of the process. 
 

Its importance is crucial in our political model of design because 
we also make the assumption that this political model of design 
must more precisely give an account of " objects " as processes, 
resources and results of the cooperative activity of design at a given 
time. We therefore propose to call these objects "constitutional 
objects”12. 
 
 
3. CONSTITUTIONAL OBJECTS  
 

We refer here in spirit to the work of S. L Star [17] on "boundary 
objects" where it is shown that the coordination of heterogeneous 
actors can be carried out thanks to the implementation of "boundary 
objects", which are simultaneously adaptable to various points of 
view and sufficiently robust to maintain their identity through them. 
We also integrate the work of Jeantet, Tiger, Vinck and 
Tichkiewitch [7] on coordination by intermediate objects in 
integrated teams of product design. Lastly, the contribution of E. 
Wenger [22] seems to us closest to the political vision we wish to 
explore with regard to the capacity of individuals to effectively 
connect their knowledge with those of others in communities of 
practice (cognitive synchronization). 
 

In Wenger‘s work as in Star‘s work, connections between the 
various communities can be ensured by objects called " boundary  
objects ". All objects or artifacts which belong to several practices 
can play the role of boundary objects. These artifacts are seen as 
“reifieid” elements, which can be concrete objects (prototype, 
management tools, metric, version of a software, model, etc.) or 
symbolic systems (words of the language for example). In Wenger‘s 

 
11 In the political sense of the term. 
12 Constitution ("law ", " institution"). Action to establish legally (Jur.). Way 

in which a thing is made up (16th century) : arrangement, composition, 
provision, form, organization, structure, texture. All the somatic and 
psychological congenital characteristics of an individual. Character, 
complexion, conformation, personality, temperament. " Creation " (of the 
world) (13th century). Action to constitute a unit; its result.  Composition, 
construction, creation, construction, development, foundation, formation, 
organization. (1683) Charter, fundamental texts which determine the 
shape of the government of a country. Fundamental law. Constitutional : 
who constitutes, forms the essence of something. 

 



work, reification indicates a process which involves giving form to 
an experiment by producing artifacts which solidify the experiment 
to some extent, at least for a time. It can take the form of an 
abstracted concept, tools, symbols, stories or words. Reification 
thus covers a great number of processes like manufacturing, design, 
representation, naming , description, perception, etc. Reification to 
some extent compensates for the contextual and evanescent 
character of the participation. The duality of participation/reification 
and its correct balance are the constituent conditions of collective 
practices. 
 

For Wenger, boundary objects are characterized by four 
dimensions :  

- abstraction : the general character of the boundary object 
leads to a certain level of abstraction. 

- versatility : the object can be used for several activities, 
therefore several practices. 

- modularity : the object consists of several parts mobilized 
in various situations according to the actors involved. 

- standardization : the information contained in a boundary 
object must be in a directly interpretable form to be used 
locally. 

 
These characteristics are relevant. However, they mainly concern 

mechanisms which allow for the constitution of objects, and less 
those concerning their use in instituted collective practices. 
However, what interests us in a context of design is the 
identification of the properties which explain the emergence, 
organization and functionality of such objects, rather than certain 
characteristics of use. If one wants to better understand the 
phenomena of constitution, we must propose a representation of the 
same criteria, but from the point of view of their genesis. 
 

By using the theoretical background of social psychology 
relating to social representations ([1], [2], [12]), we propose to 
conceptualize constitutional objects around four variables 
corresponding to the variables of Wenger. We also indicate some 
examples of dimensions to be taken into account. 
 

Areas Dimensions 
Structure 
(abstraction) 

elements, hierarchization, dispersion of 
information, complexity, public dimension, 
focusing, autonomy of the object… 

Functions 
(versatility) 

interpretation, preparation for action, support 
for consensus, contribution to 
conceptualization, contribution to 
collaboration, contribution to argument 
(inferential pressure), justification of 
behaviours and standpoints... 

Actors 
(modularity) 

relationship between objects and positions, 
statutes and configurations of groups 
(individual and collective identity) and 
articulation with concrete social practices 
(concretization, anchoring...) 

Normativity 
(standardization) 

orientation of behaviours, legitimization, 
constitution and reinforcement of identity, 
standardization and conformisation… 

 
Figure 3. Characterization of constitutional objects in design 

 
 
4. THE SHARED MEDICAL FILE (SMF) 
 

We will illustrate the first elements of the political model of 

cooperative design through the case of the Shared Medical File, 
which is a significant topic in the vast sector of telecare (being 
currently overhauled13). This essential object in the economy of e-
health is important within the framework of our model under 
construction in order to question the role of new (and often 
challenged) actors in the process of design, and the boundary 
between profane and skilled knowledge. 
 

The sector of health has been undergoing reorganization for at 
least 15 years now and the roles of actors and institutions have also 
been redefined so as to answer two major challenges : how to 
reconcile costs and quality ? How to handle the increasing 
complexity of situations and tools for diagnoses and modes of 
intervention and technologies for patient care ? 
 

The sector is being reorganized mainly around the general model 
of the Network14, which is presented as allowing a better control of 
costs, a mutualisation of expertise in favour of a more systemic 
approach to patient care ( instead of a stepbystep approach to the 
patient with the risk of expensive redundancies in care or weak 
comprehension of disease, etc.), and especially greater autonomy 
for the patient, namely home-care made possible by technologies of 
communication (tele-monitoring, tele-diagnosis, webcam, etc.). 
 

The Shared Medical File (SMF15) is one of the main elements in 
the implementation of a network between health partners, and for 
this reason it involves significant stakes : enriched medical 
expertise, collective and overall management of the patient, 
personalization of care and autonomy for the patient (who can 
remain at home); formalization of knowledge on patients and on 
medical practices, etc.16 
                                          
13 Telecare refers to all the applications of ICT’s to the field of health and 

covers applications as varied as telemedicine, remote medical monitoring, 
teletraining, remote or collective diagnosis and all that concerns medical 
procedures (and pre- medical or post-medical procedures) that are 
computer- aided, remote, with data banks, etc. as well as electronic 
markets for the purchase of specific materials.... Generally, for a better 
knowledge of the emergent media in medical practices, see [4]. 

14 Network or mode of horizontal coordination between actors; it is this term 
which is used to indicate the programmes of reorganization around care;  
we take it for granted since it is not the object of this article to define it 
more precisely; let us note however that there is a large variety of 
networks : City Hospital network for outpatient post-operative home-care 
in, networks of care around a particular pathology (diabetes, AIDS...) and 
networks of care centered on the person (network of maintenance of old 
people  at home). This large variety has risen both from the objects of 
these networks as well as from the very  wide variety of  regulatory 
devices and experiments undertaken for  over 20 years (when these 
networks were set up by associations, starting from observations on the 
ground and often in a largely non-formalized way). 

15 Or computerized medical File, because this last circulates more and more 
between the interested parties on the Internet (Intranet of hospital, extranet 
of a network) and more generally on the Internet or Medical Social 
Network (RSS designed and exploited at the request of the State by 
Cegetel;  the RSS has been brought into service since 1998 and allows the 
circulation of the Electronic Files of Care between doctors and health 
insurance services; tools such as the Carte Vital for the patient or the Card 
of of Health Professionals allow a secure registering of signatures and 
entries on the RSS, and thus a secure registering of data relating to the 
Patient, under the terms of the principles on medical secrecy. 

16 The SMF can also be defined as a specific Information System around 
which doctors interact because they have to exchange information about 
the same patients. However, Information System has often been designed 
in accordance with the traditional hierarchical structure of hospitals and 
other care organizations. A more decentralized view in management and 
in Information System, as offered by CSCW backgroung, could improve 

 



 
But the SMF is also the subject of important questions : what 

happens to medical secrecy, the main ethical principle in medical 
practices17 or the share between private and public life ? How to 
ensure security of circulating or stored information ? Will it be 
possible to maintain the principle of continuity of care between the 
various components which handle their own technologies18 ? What 
are the long-term costs of these information systems ? 
 

The SMF is thus at the same time an architecture and inserted 
piece of knowledge which relates to the operation of the network 
and the patients concerned. There does not yet exist a standard 
model. Like any innovation in its emergent phase, one can observe 
an expansion of experiments (succeeding with more or less 
finalized SMF’s) which come either from the field, or from the 
regulatory system, and which bring into play many actors and 
various carriers of different interests and stakes. 
 

The study of this expansion shows how much the SMF being 
designed depends at the same time on stakeholders allowed to take 
part in the work of design and on their carrying scientific or profane 
knowledge. However its still very ambivalent status, since it calls 
deeply into question the sector in its entirety, also questions the 
productive or interesting properties of the SMF seen as a 
"constitutional object" in allowing the process of design to go 
forward.  
 

We will develop these points in two distinct cases : the situation 
of design as managed by the State and as managed by various 
operational actors (in the field). 
 

Experiments managed by the State reproduce the traditional 
diagrams of the fragmented and partitioned organization of the 
health sector, which is itself the object of reform in the network 
approach . Openness to new actors is problematic here : the patient 
is only too often is disregarded as a major actor while his/her needs 
and expectations might well be integrated in the process of design 
of the SMF. In fact, the patient’s unskilled approaches are 
necessarily devalued and regarded as unscientific because produced 
(by definition) outside the scientific community as controlled by the 
State (ministries, universities, laboratories…)19. 
 

This is particularly important since to admit the legitimate 
patient as bearing knowledge could offer a springboard to many 
other claims, such as : what is the valorization and recognition of 
the role of nurses in the production and follow-up of care ? What 
role and responsibility is shared between the Doctor (in the broad 
sense), the patient and his/her family ? 
 

Indeed, more concretely, there is the question of representation 
of the patient. Who, out of associations consisted assigned by the 
State or emerging from the field (associations of consumers for ex.) 
could claim to speak for the patient and his/her family ? 
 
                                                                       

                                         

the quality of process design and the working of cooperation between 
actors. 

17 The actors, particularly the Medical Associations speak of the concept of 
shared medical secrecy. 

18 What is refered to here as the question of the interoperability of 
technologies.  

19 Certain doctors who experiment with the SMF while wanting to take into 
account patients note that some are not very inclined to deliver their 
opinion; they tend not to understand the role that is expected of them, as if 
it to become an active citizen were that difficult ! 

Debates on networks and the SMF are still too recent. The 
process of design runs up against the slowness of the constitution of 
intermediate bodies or new representative bodies in a political and 
professional play strongly resistant to innovations. To find the right 
representative body and to legitimize it in its role is not easy and 
can take time. 
 

On the other hand, financial actors (Medical insurance or 
medical benefit funds) can see their role over-valued since they are 
seen as legitimizing "the network approach" recommended by the 
State, which is carried out in the name of cost control. Such 
experiments thus tend to reproduce old legitimacies and models. 
They remain closed to new debates relating to the patient whom 
they want to give greater responsibility (principle of autonomy) but 
no role in discussions, since no actor representing patients takes part 
in the design of the SMF. 
 

Thus, this process of design internalizes social debates which 
should make development of the SMF an appropriate forum for a 
complete recasting of the health system, but which block it for the 
same reasons, because of their importance. 
 

Emergent experiments from the ground also carry political 
questions. They often take place in partitioned and fragmented 
organisational contexts whose operation in networks is too recent to 
be widely accepted. Thus, the SMF which tends to be designed is 
much more the result of problems which each participant wishes to 
see regulated rather than the result of a vast project of 
reorganization of health care services. 
 

The partitioned structure of the health system has hardly allowed 
the emergence of common knowledge and a common will to work 
in a horizontal way between internal services within an institution 
or between several institutions. Ignorance of the real roles of actors 
makes it very difficult to constitute an initial group for the design of 
an SMF. The risk is thus that the final SMF is a disjointed collection 
of hybrid pieces of knowledge which is not operational. 
 

In the two cases rapidly approached, contributors of technology 
(ICT engineering...) or promoters (such as laboratories closely 
involved in the processes of teletraining and telemedicine) are 
easily able to make a place for themselves in design groups to better 
control cooperation and knowledge used during the discussions. 
Their importance is evident20 but is exacerbated when the 
circumstances pointed out above prevent other actors from playing 
their roles. 
 

Let us return to our model to understand the difficulties of design 
of an SMF. In both cases of design, what causes problems is 
openness to various actors, to different knowledge (or the level of 
hybridization according to our model) and to new collectives 
instituted or recognized as representatives and being able to act as 
representatives of new interests (or the level of links between the 
groups). Moreover this openness does not relate to the same 
dimensions which characterize the SMF as a constitutional object. 
 

Circle A represents the process initiated by the State, which is 
confronted with the difficulties of opening up to new groups and 
new forms of knowledge. Circle B represents the process initiated 
by operational actors, who are confronted with the difficulties of 
forming a universal body of knowledge while starting with hybrid 
knowledge. 

 
20 The SMF involves an essential technological component. 

 



 
In the first situation of design (circle A), the difficulty rises from 

the near impossibility for the State to admit the hybridization of 
knowledge. This refusal rises doubtless from a hard vision of what 
is seen as the normative nature of the SMF (or up to what point the 
State can question through the SMF the legitimacy of health 
institutions , quality standards of health production, etc. ). One can 
think that when this hybridization is allowed, openness to new 
representatives and contributors of knowledge will be possible. 
 

The reverse is found in the second situation (circle B). What 
raises problems here is the opportunities and organisational 
possibilities of connections between a multitude of groups and 
institutions that do not know how to work together or which are 
unaware of themselves. Here it would seem that the critical 
dimension of the SMF is that relating to its functions. The degree of 
versatility is equal only to the degree of diversity of the 
participating parts. However, we have said how much the 
experiments evoked here are often pragmatic and are discovered 
only as they come up while the SMF as constitutional object is 
processed. What is thus missing is a project (in the sense of a 
teleological vision of a complex process during its own process) 
relating to the functions of the SMF. One can in the same way think 
that when this hybridization of the parts is allowed, the coherent 
integration of disparate bodies of knowledge will be more possible. 
 

 
Figure 4. Spatial design of an  SMF 

 
Two particular levels of variables on each axis thus appear 

critical. This could militate for mixed approaches of the Up-Down 
and Bottom-Up type to allow learning from what emerges in each 
situation (full arrow connecting the two circles on the drawing). 
 

Lastly, the movement of a mixed design process which learns 
from experiments initiated by the State and by instituted parts as 
well as those initiated by more operational parts could depend on 
the quality of the SMF as a constitutional object or on its structure, 
its functions, the actors and the degree to which it is normative. 
 

Current experiments are still too very few to develop this point 
precisely. 
 
 
5. CONCLUSION 
 

Project management can take support from the political model 
presented in this paper. From the managerial point of view which is 
ours, the dialogue between cooperation and produced knowledge 

will interest the manager for two reasons : 
 
- it can aim at piloting, improvement or control of a process of 

collaborative work and then be useful in the production of 
knowledge as a tool to act on cooperation; 

- or on the contrary, it can aim at knowledge management or 
facilitate the emergence and capitalization of emergent 
knowledge during the design process and then act on the 
composition of the working group as an independent variable. 

 
In the first case, the question is to know which knowledge to 

prioritize in supporting the development of cooperative work : when 
(in the beginning or during the process) is it necessary to introduce 
disorder through knowledge into a group, and would this be done 
for its benefit, or with the risk of blocking it, or else to even support 
its destruction ? Is it better to have an agreement on poor knowledge 
(because coming from consensus) or to promote constructive 
divergences ? 
 

In the other case, the question relates to the structure of the 
working group. A previously defined structure, according to rational 
criteria of professional skills, even of political positions (in the 
sense of the stances of an actor) can have an economic goal (refusal 
of " organizational slack") or the goal of imposing order (to be 
pressed on a team known in advance). 
 

But this has two weaknesses : (1) only the incidents (problems, 
incomprehension, tensions between the members) already known or 
indexed in a kind of repertory of the type "good practices" or "guide 
of the procedures" will be accepted and then handled21; (2) this 
mobilization of knowledge makes it difficult to bring out new 
knowledge. 
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To conclude on the two goals from a managerial point of view 

(to act on knowledge for better cooperation, or act on the group for 
better production of knowledge), the manager can easily be required 
to confront the risk of impoverishment : 
- impoverishment of the knowledge produced in the name of the 

forced search for a consensus,  
- impoverishment of cooperative work in the name of cohesion 

or availability of mobilized knowledge. 
 

The question of knowing if a group involved in design must 
naturally seek a consensus for progress would merit further 
development. 
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