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Preface
 

 
The Fortieth Hawaii International Conference on System Sciences (HICSS) was held at the Hilton Waikoloa 

Village on the Island of Hawai’i, on January 3-6, 2007. The proceedings consist of over 450 papers in ten major 
tracks. The topics are summarized on the Overview page which shows the tracks and minitracks. A new track has 
been added since last year—Electric Power Systems Restructuring: Engineering, Economics and Policy.  

These Proceedings consist of papers that have not previously been published. They have undergone a detailed 
peer review process and were selected based on rigorous standards. At the conference, these papers were presented 
by the authors and discussed in highly interactive sessions. HICSS provides a unique forum for the interchange of 
ideas, advances, and applications among academicians and practitioners in the information, computing, and system 
sciences. HICSS is sponsored by Shidler College of Business at the University of Hawai’i. 

The HICSS series of conferences is now in the 40th year. Very few conferences have been able to grow and 
develop as HICSS has over this period. The computer age is just over 50 years old, and HICSS has been an 
important event in the world of computer science and information technology applications during most of that time. 

The conference continues to be one of the best working conferences in computer-related sciences, with a high 
level of interaction among the leading scientists, engineers, and professionals. Many of the papers and presentations 
at HICSS have become journal articles, have developed into monographs or books, or have appeared in special 
issues of journals of wide circulation such as Computer, IEEE Software, Decision Support Systems, and Journal of 
Management Information Systems. Some major topics such as Collaboration Systems, Model Management Systems 
and Negotiation Support Systems have been largely initiated, developed and documented by presentations and 
papers at HICSS. Sincere thanks go to all the authors, attendees, coordinators, chairpersons, advisory committees, 
and administrative staff who make the conference a success. 

The HICSS proceedings have made an impressive contribution to the literature base with over 80,000 pages 
during the past 40 years. Since 1999, we have engaged in a process of expanding the Proceedings to include 
additional forms and media. The objective has been to capture the benefits of electronic media while preserving the 
benefits of printed Proceedings. The CD/ROM of full papers is included in a sleeve inside the back cover of the 
book of abstracts. Both are distributed at the Conference and sold afterwards by the IEEE Computer Society Press. 
You may peruse the abstracts to find papers of interest, then use the CD to read the full paper. The abstract book is 
arranged in alphabetical order by Track and Minitrack name. On the CD, you may use the excellent Electronic 
Guide or the search facility on the CD to find papers of interest.  

 
Ralph H. Sprague, Jr. 

HICSS-40 Conference Chair 
E-mail Address: sprague@hawaii.edu 
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Abstract 

Developing Knowledge Management Systems is a 
complicated task since it is necessary to take into 
account how the knowledge is generated, how it can be 
distributed in order to reuse it and other aspects 
related to the knowledge flows. On the other hand, 
many technical aspects should also be considered such 
as what knowledge representation or retrieval 
technique is going to be used.  

To find a balance between both aspects is important 
if we want to develop a successful system. However, 
developers often focus on technical aspects giving less 
importance to knowledge issues. In order to avoid this, 
we have developed a model to help computer science 
engineers to develop these kinds of systems. In our 
proposal, firstly, we define a knowledge life cycle 
model that, according to literature and our experience, 
ponders all the stages that a knowledge management 
system should give support to. Later, we describe the 
technology (software agents) that we recommend to 
support the activities of each stage. The paper explains 
why we consider that software agents are suitable for 
this end and how they can work in order to reach their 
goals. Moreover, a prototype that uses these agents is 
also described.  

1. Introduction 

Nowadays, knowledge is a key factor for an 
organization’s competitive advantage; because of this 
the production environment and infrastructure play a 
diminishing role and intellectual capital and 
knowledge management a growing one [12]. 
Consequently, one way to assess an organization’s 
performance is to determine how well it manages its 
critical knowledge. In order to assist organizations to 
perform this task, systems have been designed to 
manage organizational knowledge. These are called 
Knowledge Management Systems (KMS), defined by 

Alavi and Leidner [1], as an IT-based system 
developed to support/enhance the processes of 
knowledge creation, storage/retrieval, transfer, and 
application.   

Developing KMS is a difficult task; in fact, there 
are different approaches towards this. For instance, the 
process/task based approach focuses on the use of 
knowledge by participants in a project or the 
infrastructure/generic system based approach focuses 
on building a base system to capture and distribute 
knowledge for use throughout the organization [1]. On 
the other hand, before developing this kind of system it 
is advisable to study and understand how the transfer 
of knowledge is carried out by people in real life. 
However, when developing KMS developers often 
focus on the technology without taking into account 
the fundamental knowledge problems that KMS are 
likely to support [11]. 

Different techniques have been used to implement 
KMS. One of them, which is proving to be quite 
useful, is that of intelligent agents [35]. Software agent 
technology can monitor and coordinate events or 
meetings and disseminate information [40]. 
Furthermore, agents are proactive in the sense that they 
can take the initiative and achieve their own goals. The 
autonomous behavior of the agents is critical to the 
goal of this research since it can reduce the amount of 
work that employees have to perform when using a 
KM system. Another important issue is that agents can 
learn from their own experience. Consequently, agent 
systems are expected to become more efficient with 
time since the agents learn from their previous 
mistakes and successes [18]. 

Because of these advantages different agent-based 
architectures have been proposed to support activities 
related to KM [8]. Some architectures have even been 
designed to help in the development of KMS. 
However, most of them focus on a particular domain 
and can only be used under specific circumstances. 
What is more, they do not take into account the cycles 
of knowledge in order to use knowledge management 
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in the system itself. For these reasons, in this paper we 
propose a generic model for developing KMS. 
Therefore, in section two we describe the model and 
the software agents that we propose to support it. In 
section three, we explain how the agents are structured 
and how they have been model by using INGENIAS 
methodology [26]. Later, section four describes a 
prototype that we are implementing by using the 
agents proposed in the model. Section five summarizes 
related works carried out with agents.  Finally, 
conclusions and future work are outlined in section six. 

2. A Multi-agent model to develop 
knowledge management systems 

A successful KMS should perform the functions of 
knowledge creation, storage/retrieval, transfer and 
application [15]. Taking this fact into account and after 
reviewing several knowledge life cycles and models 
[1,5, 6, 22, 24, 31, 34, 37, 39] and seeing what stages 
most authors considered, we decided to define a 
knowledge life cycle that indicates what process a 
KMS should support (see Figure1). The stages of this 
cycle are acquisition, storage, use, application and 
evaluation. The first three stages are considered in 
most knowledge life cycles (see Appendix one). We 
have added use (also considered in many cycles) and 
evaluation since a KMS should foster users to utilize 
the knowledge that the company has (for instance, by 
recommending what information can be consulted or 
by proposing solutions to problems). Moreover, 
knowledge should always be updated otherwise it 
would not used. Because of this, the evolution stage 
has also been added to this cycle. 

Figure 1. Knowledge Life Cycle Model Proposed 

In the following paragraphs each stage of the model 
is described. At the same time, we are going to explain 
a software agent that could be implemented in a KMS 
to give support to each stage.  

Knowledge acquisition is a key component of a 
KMS architecture. This stage includes the elicitation, 
collection, and analysis of knowledge [28]. During this 
process, it is vital to determine where in the 
organization the knowledge exists and how to capture 

it. The definition of the knowledge to be acquired can 
be assisted by classifying types of knowledge and 
knowledge sources [6]. To support this stage we 
propose to use an agent called a Captor Agent. The 
Captor Agent is responsible for collecting the 
information (data, models, experience, etc) from the 
different knowledge sources. It executes a proactive 
monitoring process to identify the information and 
experiences generated during the interaction between 
the user and the system or groupware tools (email, 
consulted web pages, chats, etc.). In order to 
accomplish this, the Captor Agent can use different 
techniques to acquire knowledge since there are 
several tools and techniques that consolidate and 
transform corporate data into information [13]. They 
contain: 

- Front-end system (i.e. DSS-Decision Support 
System, EIS-Executive Information System and 
OLAP-Online analytical processing). 

- Back-end system: data warehouse, data mart, and 
data mining [9]. 

Figure 2. Knowledge Source Ontology 

Agents can also apply classical techniques used by 
experts to acquire knowledge such as: structured 
interviews, questionnaires, goal trees, decision 
networks, repertory grids, or conceptual maps [28]. 
More sophisticated techniques such as webParser [3] 
to obtain information from the Web, document 
classification [25], mailing list management [21], or 
data mining and neuronal nets can be also used.  

Once the knowledge has been obtained, the Captor 
agent can classify it, by using ontologies, according to 
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its type and the knowledge source from it was obtained 
(see Figure 2). This ontology is based on Rodriguez’s 
ontologies for representing knowledge topics and 
knowledge sources [29]. 

The ontology has four knowledge source categories. 
These are: Documentation, which can be subdivided 
into: documentation related to the organization’s 
philosophy, documentation which describes the 
product/s which the company works with, 
documentation that describes the process that the 
company carries out, and other types of documentation 
that an organization has but that cannot be classified 
into any of the previous subgroups. Another important 
source where the Captor finds information is the Web, 
which can also be divided into other subcategories 
such as Portals, Communities of Practice, etc. The 
main knowledge source in a company is, without any 
doubt, people. Depending on the type of company, 
people may be classified as clients, employees, etc. 
The last knowledge source that the Captor Agent can 
use is email that can be classified as internal mail (mail 
sent between employees), and external mail (emails 
sent to other people outside the organization).  

One advantage of this approach is that the Captor 
agent can work in any domain since by changing these 
ontologies the Captor knows what key knowledge 
should be found and where it might be. 

Knowledge formalizing/storing is the stage that 
groups all the activities that focus on organizing, 
structuring, representing and codifying the knowledge 
with the purpose of facilitating its use [5]. To help 
carry out these tasks we propose a Constructor Agent.
This agent is in charge of giving an appropriate 
electronic format to the experiences obtained so that 
they can be stored in a knowledgebase to aid retrieval. 
Storing knowledge helps to reduce dependency on key 
employees because at least some of their expert 
knowledge has been retained or made explicit. In 
addition, when knowledge is stored, it is made 
available to all employees, providing them with a 
reference as to how processes must be performed, and 
how they have been performed in the past. Moreover, 
the Constructor Agent compares the new information 
with old knowledge that has been stored previously 
and decides whether to delete it and add new 
knowledge or to combine both of them. In this way, 
the combination process of the SECI (proposed in 
[23]) model is carried out, producing new knowledge 
resulting in the merging of explicit knowledge plus 
explicit knowledge. 

Different techniques exist to store knowledge and 
frequently the technique used is narrowly related to the 
retrieval method used. Therefore, if a case-based 
reasoning is going to be used the knowledge will be 

stored as “cases”. Other techniques are knowledge 
objects, frames, predicate logic or fuzzy logic. In the 
case of using ontologies to classify the knowledge, 
methodologies to represent the knowledge can be used. 
Examples of these methodologies are: Ontolingua [10] 
or REFSENO (Representation Formalism for Software 
Engineering Ontologies) [33]. 

Knowledge use is one of the main stages, since 
knowledge is helpful when it is used and/or reused. 
The main enemy of knowledge reuse is ignorance. 
Employers often complain because employees do not 
consult knowledge sources and do not take advantage 
of the knowledge capital that the company has. KMS 
should offer the possibility of searching for 
information; they can even give recommendations or 
suggestions with the goal of helping users to perform 
their tasks by reusing lessons already learnt, as well as 
previous experiences. In our model the agent in charge 
of this activity is the Searcher Agent, which searches 
in the knowledge base for the needed knowledge. 
Different techniques are currently used to search for 
knowledge. Many of them are based on the use of the 
position and frequency of keywords [20] or on 
information retrieval techniques ([7], [17]). Other 
authors such as [32] mix several techniques: data 
mining and case-based reasoning to develop a 
recommender system.  

Knowledge transfer/application is the most 
investigated stage in knowledge management [27]. 
This stage is in charge of transferring tacit and explicit 
knowledge. Tacit knowledge can be transferred if it 
has been previously stored in shared means, for 
example: repositories, organizational memories, 
databases, etc. The transfer stage can be carried out by 
using mechanisms to inform people about the new 
knowledge that has been added. For this stage we 
propose a Disseminator Agent, which must detect the 
group of people, or communities who generate and use 
similar information: for example, in the software 
domain, the people who maintain the same product or 
those who use the same programming language. 
Therefore, this agent fosters the idea of a community 
of practice in which each person shares knowledge and 
learns thanks to the knowledge of the other community 
members [38]. An appropriate knowledge management 
linked to communities of practice helps to improve the 
organization’s performance [16]. Disseminated 
information may be of different types; it may be 
information linked to the company’s philosophy or 
specific information about a determined process. 
Finally, the Disseminator agent needs to know exactly 
what kind of work each member of the organization is 
in charge of and the knowledge flows linked to their 
jobs. In order to do this, the Disseminator Agent 

Proceedings of the 40th Hawaii International Conference on System Sciences - 2007

3



contacts with a new type of agent called the Personal 
Agent which is in charge of determining the users’ 
profiles (it will be described in next section). 
Comparing this stage with the SECI model we can say 
that the Disseminator Agent fosters the socialization 
process since it puts people who demand similar 
knowledge in touch and once in contact they can share 
their experience, thus increasing their tacit knowledge.  

Knowledge Evolution. This stage is responsible for 
monitoring the knowledge that evolves daily. To carry 
out this activity we propose a Maintenance Agent. The 
main purpose of this agent is to keep the knowledge 
stored in the knowledgebase updated. Therefore, 
information that is not often used is considered by the 
Maintenance Agent as information to be possibly 
eliminated. 

3. Multi-agents agencies 

Once the model and the agents that we propose to 
give support to the different stages have been 
described we are going to explain how the agents are 
structured into two agencies. Therefore, we group all 
the agents closely in charge of managing knowledge 
and supporting the different stages of the model 
proposed in one agency. Auxiliary agents are in 
another agency (see Figure 3).  

Therefore, the Knowledge Agency is in charge of 
giving support to the KM processes. It consists of the 
Constructor Agent, the Captor Agent, the Searcher 
Agent, the Disseminator Agent and the Maintenance 
Agent.  

On the other hand, the User Agency is formed of the 
Personal Agent and the Interface Agent. The Personal 
Agent monitors users’ tasks to obtain their preferences 
and needs. In order to implement the Personal agent 
user modelling techniques can be used. User modeling 
implies obtaining certain knowledge about the user. 
This knowledge describes what the user “likes” or 
what the user “knows” [4]. 

The Interface Agent is the mediator between the 
users and the agents. Thus, when an agent wants to 
communicate a message to the user, the agent sends 
the message to the Interface agent which shows it to 
the user.  

Another component is the Shared Ontology which 
provides a conceptualization of the knowledge domain. 
The Shared Ontology is used for the consistent 
communication of the agencies. 

Figure 3. Agents Distribution 

In order to carry out the analysis and design of the 
agents involved we have followed a methodology 
called INGENIAS [26] which provides meta-models to 
define Multi-agent Systems, and support tools to 
generate them. Using meta-models facilitates the 
development of systems enormously, since they are 
oriented towards visual representations of concrete 
aspects of the system.  

Below, we are going to show two agent meta-model 
diagrams which describe the roles and tasks of the 
Captor and Personal agent (one example of each 
agency). The rest of the agent diagrams are omitted 
due to space limitations. 

Figure 4 shows that the goal of the Captor Agent is 
to obtain information that should be stored. Its role is 
“Filter” since it must decide what information should 
be transformed into knowledge, the purpose being to 
use this in future projects. In the following lines, we 
describe each of the tasks carried out by this agent. 
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Figure 4. Captor Agent diagram 

IdentifyIS: This task consists of identifying 
available knowledge sources in the system. 

CaptureInfo: The agent must also capture 
information.  

SendToConstructor: Once the suitability of storing 
the information has been analyzed, the Captor sends it 
to the Constructor Agent. 

Figure 5 shows the Personal agent diagram whose 
role is called “spy” since the agent must monitor users’ 
activities in order to obtain their profiles. Therefore its 
goals are:  

Monitoring users’ tasks 

Recommending information   

Figure 5. Personal Agent diagram.  

In order to attain these goals it should carry out the 
following tasks: 

Modeling the users’ profiles: By observing the 
users’ preferences, activities, information consulted, 
etc.

CreateManageLocalKnowledgeBase: Creating and 
managing a local knowledge base where the relevant 
information for the user can be stored. 

Recommending knowledge or knowledge sources: 
This agent tries to guess what knowledge would be 
relevant for the user. To accomplish this, this agent 
communicates with the Searcher agent and with the 
Interface agent. 

4. A prototype system 

In order to test our model we are developing a KMS 
to be used in software maintenance companies. So far, 
the prototype recommends what information sources 
the maintainers should consult to solve a particular 
problem. Before constructing the prototype the 
knowledge flows that take place in software 
maintenance companies were studied (see [30]). To 

illustrate how the prototype works let us describe a 
scenario.  

Figure 6. Scenario Diagram 

Scenario 
A software maintenance engineer selects the 

project which s/he is going to work on. Then, s/he 
starts to work on an activity (for instance a 
maintenance request). At the same time, the Personal 
Agent is monitoring his/her movements and is logging 
in what project and activity s/he is working on. So, the 
Personal Agent sends the Searcher Agent a message 
asking for knowledge related to the activity that the 
employee is carrying out. Depending on the activity 
the Searcher can use two retrieval techniques: position 
and frequency of keywords in the case of needing to 
give information about a topic, or case-based 
reasoning, in the case of having to propose a solution 
to a problem. When the Searcher Agent finds suitable 
information, the agent sends it to the Interface Agent, 
which is in charge of communicating to the employee 
that certain information exists which can be useful for 
his/her work. The employee will decide if s/he wants 
to consult this information. Figure 6 despites the 
diagram of this part.  

Once, the employee finishes the work the Captor 
Agent checks whether a new case can be constructed 
(in case the employee had found a solution to a 
problem) or whether a new knowledge source has been 
used. In both cases the Captor sends the new 
knowledge to the Constructor Agent which is in charge 
of storing this in the knowledge base or adding new 
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concepts to the knowledge source ontology according 
to the circumstance that have taken place.  

The collaboration between the Captor and the 
Constructor Agent is depicts in Figure 7 which is an 
interaction model diagram that the INGENIAS 
methodology utilizes. These diagrams are very useful 
to see, at first glance, as agents interact.  

Figure 7. Cooperation between Captor and 
Constructor Agent 

Some Implementation Aspects 
The platform that we are using to develop the 

architecture is JADE (Java Agent Development 
Framework) since it is FIPA compliant and is currently 
one of the most widely used. Moreover, JADE has 
been successfully used in the development of other 
systems in the domain of knowledge management [2, 
8]. 

5. Related work 

Traditional KM systems have received certain 
criticism, since employees are often overloaded with 
extra work, as they have to introduce information into 
the KMS and worry about updating this information. 
One proposal to avoid this extra burden was to add 
software agents to perform this task in place of the 
employees. Later, intelligent agent technology was 
also applied to other different activities, bringing 
several benefits to the knowledge management 
process.  

The benefits of applying agent technology to 
knowledge management include distributed system 
architecture, easy interaction, resource management, 
reactivity to changes, interoperation between 
heterogeneous systems, and intelligent decision 
making. The set of knowledge management tasks or 
applications in which an agent can assist is very wide, 
for instance:  

To manage organizational memory, an example 
being the CoMMA  project, [8] (Corporate Memory 
Management through Agents), which combines 
emergent technologies, allowing users to exploit an 
organizational memory. 

To support cooperative activities. For instance in 
[36] the authors propose a multi-agent architecture 
to provide support to cooperative activities. 
To recommend. For instance in [32] a system to 
customize recommendations is described.  
To find experts. Some systems are used to help 
people find experts which/who can assist them in 
their daily work . 
To share knowledge. For instance in [19] a multi-
agent system is proposed for knowledge sharing in 
a system designed to advise good programming 
practice.  
To manage mailing lists , or document classification 
[21]. 
These and other existing systems were often 

developed without considering how knowledge flows 
and what stages may foster these flows. Because of 
this, they often support only one knowledge task, 
without taking into account that knowledge 
management implies giving support to different 
process and activities. On the other hand, KM systems 
often focus on the technology, without taking into 
account fundamental problems that these kinds of 
systems are likely to support [11]. 

6. Conclusions and future work 

The main contribution of this paper is the design of 
a multi-agent model that has been designed to help 
KMS developers to implement these kinds of systems. 
The advantages of this model are: 

The model is based on a KM life cycle that we 
have proposed for this end. Therefore, we try to 
avoid the lack of other architectures that are focused 
on the technology and forget the knowledge 
aspects. 

The model provides support to different activities: 
knowledge creation, storage/retrieval, transfer and 
application. All are activities which, according to 
the authors who specialize in evaluating KMS, 
should support this kind of system.  

The model makes use of intelligent agents. These 
are techniques that have proved to be very 
convenient in knowledge management activities 
since they avoid one of the problems of some KMS 
such as overloading the employees with extra work 
instead of helping them during their daily work. 
Agents can carry out many tasks on behalf of users. 
Moreover, they act when they consider that it is 
necessary to do so without needing users’ 
instructions. Another advantage of using agents is 
that they can collaborate with other agents already 
implemented to carry out concrete knowledge tasks. 
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For instance obtaining information from the Internet 
or from e-mail. Thus, the development of KMS 
would be easier since only the basic agents of our 
model would have to be implemented and these 
could collaborate with other agents that have 
already been tested.  
On the other hand, we are modelling the agents in a 

systematic way by using INGENIAS methodology 
whose meta-models help future developers to 
understand how the different agents work.  

As future work we aim to compare the 
implementation of a KMS based on our proposal with 
developments using other architectures. Without any 
doubt this evaluation will help us to improve our 
proposal. On the other hand, we are also working on 
extending the model documentation with a wide and 
detailed description of the possible techniques that 
could be used to implement each type of agent 
according to the main needs that organizations usually 
demand.  

From a technological point of view, we are also 
studying JADEx in order to see how easy it would be 
to migrate to this new platform. 
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Appendix One 

Model Stage1 Stage2 Stage3 Stage4 Stage5 Stage6 Stage7 
Nonaka y [24] 
Takeuchi 

Socialization Externalization Combination Internalization    

Wiig [39] Creation Storing/ gathering Use Leverage Sharing   
Davenport 
y Prusak [5]

Generation Codify/ 
Coordinate 

Transfer Roles and Skills    

Tiwana [34] Acquire Sharing Use     
Alavi y 
Leidner [1]

Creation Storage/ 
Retrieval

Transfer Application    

Rus y 
Lindvall [31] 

Creation/ 
Acquisition 

Organization/ 
Storage

Distribution Application    

Nissen [22] Creation Organization Formalize Distribute Application Evolve  
Ward y 
Aurum [37] 

Creation Distribution Organization Adaptation Identification distribution Application 

Dickinson [6] Identification Acquisition Development Distribution Use Preservation  
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