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Abstract: Knowledge-Based Engineering approaches (KBE) are designed to reduce the time and cost of
product development by capturing, retaining and re-using design knowledge. They currently focus on repetitive
design tasks where knowledge is considered as a resource. However, knowledge is intrinsically linked to the
people and organizations. Thus, to be efficient, these knowledge-based systems (KBS) have to be able to take into
account all the mechanisms of knowledge creation, sharing and evaluation made by the users. Using the agent
paradigm, new knowledge-based systems can be designed in order to address this research issue. Indeed the
agents have social abilities and are able to achieve very complex tasks. These two features are necessary to make
a knowledge-based system efficient. However, there still exists today a lack of approaches or methodologies to
help to design such applications. This paper presents DOCK, a methodology to design an intelligent knowledge-
based system that aims to support the knowledge management process, as well the decision making process
throughout engineering projects. In order to take into account all the mechanisms of knowledge generation,
sharing and re-use, DOCK is based on the hypothesis that efficient modeling of the human organizations by
highlighting their roles, collaborations, skills, goals and knowledge will help the designer to specify an adapted
knowledge-based system.
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1. Introduction

Companies are engaged in continuous performance improvement processes to stay competitive in their core
business. Performance improvement levers can be found at every level of the company and can be summarized
around three main axes. The first axis has the purpose of defining how the performance of the products and the
design processes can be improved. This area is well recognized and investigated by enterprises. It embeds
methodologies, methods and tools such as functional analysis, dependability, statistical process control and,
modeling & simulation. The second axis is oriented towards an agreement on how to improve the performance
of organizational processes. This area embeds, for instance, all the methodologies and tools of project
management, agile methodologies, system engineering, or quality management system. Finally, the third axis
deals with the improvement of people performances. It embeds all the elements dealing with the ways to better
manage and valorize the knowledge and competences. This paper focuses on this last axis in order to present a
methodology to design a support system to enhance knowledge sharing. The research field of Knowledge-Based
Engineering (KBE) proposes many approaches that allow one to capture and re-use knowledge. These
approaches currently focus on repetitive design tasks where knowledge is considered as a resource. However,
knowledge cannot be simply reduced to a static resource based view, because of its intrinsic nature. People
interact together during meetings or workshops in a collaborative way to share their expertise and experiences in
order to carry on a common objective. Thus they generate organizational groups where the knowledge is created,
shared, evaluated and updated Error! Reference source not found.. In order to take into account this
complexity, the KBE approaches need to rely on knowledge models having richer semantics and better
traceability Error! Reference source not found.. According to this statement, and contrary to other KBE
approaches, an organizational approach makes it possible to highlight the mechanisms of knowledge sharing and
evolution, rather than focusing on the formalization and the modeling of knowledge Error! Reference source
not found..
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Recently, the Multi-agent Systems (MAS) research field has proposed a metaphor of an organizational
model in order to design and implement intelligent systems. Multi-agent systems working in a decentralized way
are able to use distributed and incomplete sources of information and knowledge Error! Reference source not
found.. However the existing methods to design and implement these systems are not knowledge based oriented
i.e. they do not take into account all the mechanisms of knowledge creation, sharing and evaluation made by the
users. Thus based on these approaches, this paper presents DOCK, a methodology to design an intelligent
knowledge-based system, which aims to support the knowledge management process.

2. Literature review of the MAS design

The design methodologies of MAS cover each step in the life cycle of an agent-oriented applicationError!
Reference source not found.. These methodologies can be split into two main categories: agent-oriented
approaches and organizational approachesError! Reference source not found.. In the former of the two
categories, designers focus on the description of the agents’ individual actions, whereas the latter category
focuses on the description of the agents’ organizations.

By analyzing an organization, one can define how members of a society act and interact with one another.
This is important as the effectiveness of an organization depends on several factors, including the coordination
between the members and their ability to solve problems. Several published works focus on the effects of
organizational structures on performances and knowledge sharing inside a group Error! Reference source not
found.,Error! Reference source not found.,Error! Reference source not found.,Error! Reference source
not found.. However, it is difficult to take these structures into account in standards KBE approaches because
they currently deliver centralized systems Error! Reference source not found..

To effectively model the dynamic aspect of the organizational environment, the agent paradigm can be used.
Agents are by definition, autonomous entities, proactive and capable of social interaction in dynamic
environmentsError! Reference source not found.. They are thus, able to handle this issue when they are
considered as components of groups of agents that interact together in a system in order to fulfill common goals.

In addition, the increasing complexity of the MAS (number of entities, number of complex tasks to fulfill,
dynamical environment, etc.) has led researchers to work on an individual point of view of the agents and their
interactions. This research is dedicated to the specific field of agent organizations and has increased the
flexibility of agents architectures Error! Reference source not found.Error! Reference source not
found.Error! Reference source not found.. In order to give a synthetic view of these works, Dignum and
Meyer in Error! Reference source not found. provide the following definition: "The agent organizations can
be seen as sets of entities and their interactions, regulated by mechanisms of social order and created by
autonomous actors to achieve a common goal”. This definition helps to emphasize the social aspect of agent
organizations. In addition, Boissier and Demazeau Error! Reference source not found. assert that: "An
organization of agents can be seen in a simple way as a set of constraints adopted by a group of agents with the
aim to facilitate the achievement of their goals". From these two statements it is clear that within an organization,
agents must take into account the objectives of the group so that they have the ability to achieve their own goals.
Guizzardi Error! Reference source not found. proposes to include the concept of knowledge within
organizations: "An organization of agents is a community of knowledge sharing in which agents collaborate and
exchange knowledge to carry out their activities." This definition is important because it highlights the
effectiveness of knowledge sharing within organizations of agents.

As a result, knowledge based engineering methodologies can provide good basics for MAS design so long as
they enable to model the mechanisms of knowledge sharing within a community. There are currently two
relevant approaches that address this topic in KBE field: the MAS-CommonKADS approach Error! Reference
source not found. and the MASINA methodology Error! Reference source not found. which is an extension
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of the former one. These two approaches belong to the agent-oriented methodologies to design MAS, because
they focus on the description of process elements such as tasks and relationships by a collection of rules. By a
set of models, they guide the MAS designers through a bottom-up analysis of the system starting from the
agents’ specifications to the organization's architecture description. Compared to the MAS-CommonKads
approach, MASINA strengthens the communication between agents by modifying the meaning of the
coordination and communication models of MAS-CommonKads and introducing a new model. But in order to
efficiently cover the mechanisms of knowledge sharing through organization, a top-down analysis of the system
seems better suitable. Starting from the agents’ organization description to the agents specifications enables to
identify roles and interactions [21] that are crucial to describe knowledge sharing mechanisms.

According to the descriptions of the agents’ organizations, Carley Error! Reference source not found.
explains that the analysis and the study of human organizations allow one to design computational models which
can be used to enhance three perspectives in organizations: the structure, the information sharing, and the social
cooperation. The agent paradigm, together with, coordination, stigmergy, adaptivity and evolution enables the
development of knowledge engineering applications to enhance the performance of human organizations.

3. Design Methodology of a Knowledge-based system: the DOCK Approach

This section presents an organizational approach to design MAS oriented to Knowledge Engineering
applications. This approach is called DOCK for Design based on Organization, Competence and Knowledge,
and focuses on the organizational modeling of the future Multi-agent system in order to specify its architecture.

The approach begins by modeling human organisations and highlights the skills of the professional actors,
the description of the knowledge that they create, use and share, and the formalization of the organizational
structure that they enforce. The fundamental elements of the modeling can be divided into four models (Fig. 2):

e The Organizational structure model that embeds a set of elements that can characterize an
organization such as its missions, goals, etc.

e The Process model which describes the sequence of activities made by actors.

e The activity model which describe in detail the feature of the activities with elements such as the
competences mobilized (skills in the model), the knowledge, the roles played and the responsibilities.
This part allows one to formalize a role-based view of the organization’s human resources.

e The role model that displays the set of items related to the knowledge generating within an
organization by a role, such as, the activity performed, the expected deliverables, the mobilized
knowledge, as well as the procedures and operating modes. ldentify these elements allow one to
characterize the knowledge according to a situation (the activity).

This set of models allows one to create a complete organizational modeling taking into account the notions
of organization, knowledge and competences. Finally, this organizational modeling is complemented within
DOCK by the specification of the MAS general architecture through the agents’ model and interactions model.
This part is performed more closely to agent’s paradigm requirements.

3.1. The organizational structure model

Modeling the agents’ organizational framework aims to describe their general environment, their macro
interactions, and their activities. This modeling relies on the organizational structure model and the process
model. This model is structured around several concepts: the organization, the missions, the goals and the
processes. The aim of this model is to highlight the main missions of an organization, what goals it fulfills and
what are the processes on which it can rely on. The goals, missions and processes are depicted as boxes and
linked with arrows (Fig. 1). There is one and only one Organizational structure model per organization. However,
a MAS can be built upon several organizations. In that case, by identifying the overlapping areas with the
Organizational structure models, designers can better identify the interactions to formalize in the following
design steps.
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3.2.  The Process model
A process is defined by the organization (as seen above). It can be split into several activities that are of a
lower complexity level. The role is also defined by the organization and is assumed by an actor.

Based on these elements, each process identified above, is formalized through a “Process model” in order to
identify the contribution of each of the roles in the organization. The model is based on the integrated computer
aided manufacturing definition methodology (IDEF0) Error! Reference source not found., customized with
the responsibility alignment matrix methodology, RACI Error! Reference source not found., in order to take
into account the responsibility levels of the roles (Fig. 1). The boxes display the activities; the horizontal arrows
are the inputs and outputs of each activity (deliverables) and the field under each box is dedicated to the roles
involved in the realization of the activity. Next to the role name, in brackets, is its degree of involvement
following the RACI methodology:

e Responsible: The one who is in charge of the realization of the activity.

e Accountable: The one to whom "R" is accountable / Who must sign off (approve) on work before it is
operative.

e Support: The one who can provide resources or can play a supporting role in the implementation.
e Consulted: The one who has information and/or the capabilities necessary to complete the work.
e Informed: The one who must be notified of results, but does not need to be consulted.
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Fig. 1: The Organizational structure model And the Process models

To summarize, these two models allow one to define the general framework of the studied organization. This
step is crucial to highlight the organizational nature of knowledge sharing and combining. For a given
organization, the rule within DOCK is to formalize only one “Organizational structure model” and as many
“Process model” as required covering the whole organization’s action domain. Based on these two model types,
the next step consist of the formalization of each activity identified in order to highlight the knowledge
mobilized, used and shared.

3.3.  The Activity model

This model is formalized for all the activities identified in the process models seen above. It assumes that the
realization of an activity generates deliverables and knowledge, mobilizes competences, and can lead to the
update of action schemas. This is the result of interactions between several roles, assumed by agents or human
actors according to the studied process.
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The model is an adaptation of the RIOCK formalism (Role, Interaction, Organization, Competence, and
Knowledge) Error! Reference source not found.. The main goal of this modeling is to highlight the
interactions between roles for each activity and to identify the elements used and generated through it (Fig. 2).

Roles are defined by their competences, knowledge, responsibilities and actions schema. Each role is
represented in the model by a box embedding all these elements. The interactions between roles are formalized
by a circle linked to the roles’ boxes by connectors. The distinction is made between three types of interactions;
the alliance, the coalition or the leadership.

These circles are also linked to the elements generated through the activity. These elements are pictured by
rectangles with rounded corners. The model displays the activity’s deliverables, the knowledge generated, the
competences implemented and the action schema updated (Fig. 4).
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Fig. 2: The activity model and the role model

This model is the cornerstone of the organizational modeling. It highlights that knowledge is linked to a
working situation and to concepts belonging to the Organizational structure and the Competence Management
field. According to the number of processes implemented by an organization and their complexity, the model’s
instantiation number can increase quickly. Therefore, it allows one to formalize a complete knowledge mapping
for the organization. Based on these elements, the modeling can focus next on the consolidation of the roles.

3.4. The Role model

The Role model allows one to consolidate elements that are spread across several activity models around a
same role. Indeed, in the modeling, a role is defined by several attributes that can be retrieved through the
previous models. These elements are the organization, the mission, the knowledge, the competences, the
interaction field and the responsibilities. The model gathers all these elements in a single formalism (Fig. 2).

The Role models allow the designers to formalize each function that need to be performed by the system. A
function includes the achievement of a set of activities targeting a common goal. Based on these models, the
designers can afterward allocate these roles to the agents in order to design them with the required abilities for
the future system. Moreover, by considering the interactions between the different roles in the activity models,
the links between the agents’ organizations and the humans’ organizations are highlighted. This general
understanding may avoid the design of virtual organizations that disconnected from human activities.
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4. Defining the general architecture of the Multi-agent system

The four organizational models allow one to design the whole action framework of the future intelligent
knowledge-based system.

4.1. ldentification of the agents’ roles : the agent model

In DOCK the roles identified in the organizational modeling are distributed and instantiated among the
agents and humans actors. There are two types of agents needed to design a knowledge-based system; the
cognitive agents that monitor the actions of the human actors and the reactive agents that support the knowledge
management process.

Firstly, the reactive agents are those which receive information and knowledge from their environment (from
another agent, human or interface) and achieve exploitation tasks. They do not simulate a behavior. The reactive
agents are dedicated to managing the knowledge and it lifecycle.

Secondly, the cognitive agents are those which have roles close to humans’ roles. They monitor the humans’
roles or simulate the behavior of a human. Thus, their roles are deduced from the modeling of the organization
of human actors with the KROM approach. The Activity model lists the roles used in human organizations and
the “Role model” details all the characteristics of each role.

4.2. ldentification of the agents’ organization

The agents architecture design is crucial for the efficiency of the future system. Several agents’ structures
can be found according to the degree of interactions between agents. With DOCK, agents are organized in teams
in order to ease the knowledge capitalization and sharing (Fig. 3). This organization relies on three layers. The
first one is the human organization studied (1). The second layer is the cognitive agents’ organization (2) and the
last one is the reactive agents’ organization based on the KM process described above (3).

At this step, designers identify the macro interactions between the reactive agents’ model, the cognitive
agents’ model and the human organization that the system should support. In order to realize that, the elements
identified in the previous models and especially in the activity models must be used to have a global view of the
system architecture (Fig. 3).
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This view of the system is now ready to be further developed. The last part of DOCK is focused on the
description of the communications between agents.

4.3. Defining the general communication scheme

After identifying the agents’ organization, the designers can specify the general interactions between the agents
based on the previous models, such as the process models, the roles models and the agent models. This
specification allows one to identify the information or knowledge shared between agents and to formalize the
communications with and inside the system. In order to keep the sequence of exchanged information and
knowledge, the sequence model of the UML approach is used to formalize these communications (Fig 4).
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Knowledge Base
Human Rolo }

Agem A Agem B

Action 1{value)

Action 2 (valus)
\ Action 3 {value)
Answer 3 J

Answer 2 |

Answer 1

Fig 4. Sequence diagram model

On the sequence diagrams, agents are represented by a specific symbol. Other elements of the system, for
example the knowledge base, are represented by the classic representation of an object in the UML sequence
model. The “values” presented in Fig. 9, represent the information and knowledge exchanged between agents. In
this approach each activity coming from the process and activity models must be translate into one or several
sequence diagrams. This last element of the DOCK approach allows designers to identify the interfaces and the
general architecture of the future MAS.

5. Conclusion and future work

The DOCK methodology is an organizational approach to the design of Multi Agent Systems applied to
Knowledge-based systems. Compared to the major MAS design approaches, DOCK aims to take into account
the organizational aspect of the knowledge in order to design intelligent knowledge-based systems.

At this stage, the approach still shows some areas where additional research is required. Firstly, the DOCK
approach does not yet cover the agents’ lateral concepts such as the beliefs, desires and intentions. Agents’
lateral concepts have to be taken into account by the DOCK approach in order to propose upgradeable systems
and be able to address more complex developments. Secondly, the approach is not yet consolidated enough to
take into account the implementation and testing steps of the software development process. Finally, in line with
the previous point, the approach cannot yet rely on supporting tools to help the designer to go through the
development steps and particularly the implementation and testing steps. These points will be addressed in future
works in order to provide a design methodology adapted to the development of KBE systems and usable by the
largest number of designers.
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