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Abstract Design for configurations is a highly collaborative and distributed process.
The use of fuzzy agents, that implement the collaborative and distributed design by
means of fuzzy logic, is highly recommended due to the fuzzy nature of the collab-
oration, distribution, interaction and design problems. In this paper, we propose a
fuzzy agent model, where fuzzy agents grouped in communities interact and perform
multiple fuzzy design roles to converge towards solutions of product configuration.
Analysis of both interactions and multiple fuzzy roles of fuzzy agents during prod-
uct configuration in a collaborative design platform is proposed. The modelling of
fuzzy agents and its illustration for a collaborative design platform are presented.
The results of analysis have shown the important influence of fuzzy solution agents
in the organization of the agent based collaborative design for configurations plat-
form. The more the fuzzy agents share their knowledge, the more their fuzzy roles
are complete in every domain of design for configurations. The degree of interac-
tions between fuzzy agents in the design for configurations process has an impact
on the emergence of increased activity of some fuzzy agents. The fuzzy function
agents, influenced by many fuzzy requirement agents, are the most active in the
design process. The simulation shows that this observation can be extended to the
fuzzy solution agents. The most active fuzzy solution agents are those which cre-
ate the best consensual solution. Simulations show that the consensus can be found
principally by increasing the degree of interactions.
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1 Introduction

Design for configurations is the process which generates a set of product
configurations based on a configuration model. A product configuration is char-
acterized by a set of solutions, which are designed to satisfy product functions,
which in their turn, are supposed to meet customer requirements. This set of solu-
tions should also satisfy the specific process domain constraints. Configuration starts
with requirements in the domain of requirements. A customization requirement is
manifested by the customer’s choice of customizable requirement. The customer
perceived value of each requirement indicates the degree of customer satisfaction in
the requirement domain. Simultaneously, in the process domain, a constraint is man-
ifested by the expert’s choice of process constraint [2]. The expert perceived value
of each process constraint indicates the degree of expert satisfaction in the process
domain. Therefore, to satisfy customer requirements and process constraints, the
mapping from requirements to the solutions as well as the mapping from process
constraints to the solutions is applied. It yields a set of consensual solutions from
both domains: requirements and process constraints. The consensual solutions prob-
lem is how to achieve the maximum consensus degree from a group of distributed
experts for the alternative solutions, satisfying customer requirements [30]. Thus the
concept of consensus is a problem of the overlapping of experts’ and customers’ per-
spectives influencing the design of configurable products simultaneously. Discerning
the consensus nucleus can create common ground for moving towards an acceptable
configuration [12]. This set of consensual solutions can be distributed in modules to
form configurations [27]. Optimal configurations can be generated using some limits
of acceptability for objective function values. It enables the early release of possible
set of configurations [28].

Following up these phases, configurable product design must be able to deal with
various unstable and imprecise requirements coming from the customers, on the
one hand, and some distinct form of uncertainty such as imprecision, randomness,
fuzziness, ambiguity, and incompleteness, on the other [2]. Uncertainty is thus an
integral part of the design for configurations [1, 2].

Fuzzy logic offers a framework for representing uncertainty [35]. In order to
capture the uncertainty aspects of design for configurations, the fuzzy sets approach
can be used [2]. Design for configurations is a highly collaborative and distributed
process. The properties of collaborative and distributed design for configurations are
discussed in [28]. It is shown that designs for configurations are fuzzy information
andknowledge-based processes. They are fuzzy interaction-based processes and their
organizations are heterogeneous, dynamic, and adaptive. Designs for configurations
are also fuzzy evolving systems [20]. Therefore, the use of agents, that implement the
collaborative and distributed design bymeans of fuzzy logic, is highly recommended
due to the fuzzy nature of the collaboration, distribution, interaction and design
problems [12, 28]. Fuzzy agents interact between themselves to adjust their actions
using their fuzzy knowledge [12]. They interpret the fuzzy information they receive
or perceive. Their evolution is fuzzy [17], when they are designed to interpret fuzzy
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information and to adopt a fuzzy behavior [12, 28]. Fuzzy agents are alsowell adapted
to model and to design the heterogeneity and the evolving of some organizations [9].

Thus, fuzzy agent modelling based design for configurations is an open-ended
question. Indeed, fuzzy agents are currently not sufficiently formalized to support
the holistic view of collaborative and distributed designs for configurations with a
certain level of uncertainty. In many models of collaborative and distributed agent-
based systems, an agent or a group of agents are modelled to perform only one
role. Some models allow agents to change their role within their community or the
defined organization. In this paper, we propose a model, where a fuzzy agent can
perform several roles at any time in their community or the defined organization. The
fuzzy agents can perform their roles with varying degrees. This hypothesis of fuzzy
agents’ model relies on the practice of collaborative and distributed design. Usually,
each actor is expert in a main discipline. Furthermore, the actors involved in product
design are experienced in solution design. Thus, solution design is a shared domain.

Therefore, this paper proposes to analyze both the evolution of agents’ fuzzy
roles and the change of their distribution in different communities of an organiza-
tion, within a collaborative and distributed design for configurations platform. These
analyses continue the work we have already done on the interactions between cog-
nitive agents [8, 10, 11], or rather reactive agents [12, 28, 29].

The remainder of the paper is organized in five sections. In the second section, a
fuzzy agent model is proposed. In the third section, the proposed fuzzy agent model
is illustrated by a design for configurations case study. In this case study, firstly, a
fuzzy product configuration model is presented. Then, secondly, an agentification of
this model is developed, and thirdly, an analysis of fuzzy interactions and fuzzy roles
agents is presented. In the fifth section, the conclusion shows some perspectives and
interest in the proposed approach.

2 Fuzzy Agent Modeling

There are at present many definitions of the agent paradigm [6, 9, 15, 19, 23, 34] and
several propositions of typologies [26, 31], but new types of agents are continuing to
emerge [32]. Thus, fuzzy agents emerged as a tool to model fuzzy behavior problems
[10],where agents can decide to act according to a fuzzy-logic rule base [5, 14]. Fuzzy
agents are also used in fuzzy reasoning situations, where agents interpret a situation,
solve a problem or decide with fuzzy knowledge [3, 4, 13, 16]. Implementations of
fuzzy agents are also proposed to solve distributed fuzzy problems [25], or to improve
the processing of the fuzziness of information, fuzziness of knowledge and fuzziness
of interactions, in collaborative design processes [12, 28]. This section presents a
model where agents are completely fuzzy: their knowledge and their behavior are
fuzzy, their interactions are fuzzy, their roles in the agent-based system are fuzzy,
and their organization in the agent-based system is also fuzzy.
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2.1 Fuzzy Agent Model

An agent-based system is fuzzy if agents that make it up are fuzzy, which means
that:

• Their Knowledge and their Behaviors are Fuzzy. Knowledge of an agent is defined
by fuzzy values. Behavior of an agent depends on the fuzzy evaluation of its fuzzy
perceptions, its fuzzy decisions, and its fuzzy actions.

• Their Interactions are fuzzy. Relationships between agents (affinities) areweighted
by a fuzzy value. Interactions provide a relative interest to fuzzy agents based on
roles that they perform at a given time.

• Their Roles are Fuzzy. At a given time, it is possible to determine what roles a
fuzzy agent performs based on fuzzy values of its roles and a threshold value
setting the minimum value an agent should invest in these roles.

• Their Organization is fuzzy. The distribution of roles performed by fuzzy agents is
continually evolving. This defines self-organizing agents which is the result both
of their fuzzy interactions and the continuing evolution of their roles.

Agents developed in our different collaborative platform could perform reflex
actions, routine actions, and actions in new situations (creative or cooperative)
[7, 8]. Recently, we integrated fuzziness characteristics in our agent model
[12, 28] (Fig. 1).

A fuzzy agent-based system is described by the following tuple (1):

M̃α =< Ã, Ĩ , P̃, Õ > (1)

where Ã, Ĩ , P̃, and Õ , are respectively a fuzzy set of agents, a fuzzy set of interactions
between fuzzy agents, a fuzzy set of roles that fuzzy agents can perform, a fuzzy set
of organizations (or communities) defined for fuzzy agents of Ã.

Fuzzy actions

goals

Fuzzy informations

Fuzzy 
Observation

Fuzzy 
Execution

Situation 
recognition

Association
state/task

Procedure / 
fuzzy rules

Fuzzy
interpretation

Planning

Level 1: Fuzzy
skill-based
behaviour

Level 2: Fuzzy
rule-based
behaviour

Level 3: Fuzzy
knowledge-based
behaviour

sign reflex

Fuzzy 
decision

Fuzzy cognitive agent

Fuzzy routine agent

Fuzzy reactive agent

Fig. 1 Behavior of fuzzy agents, based on Rasmussen’s model
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A fuzzy agent α̃i ∈ Ã is described by the following tuple (2):

α̃i =< ΦΠ̃(α̃i )
, ΦΔ̃(α̃i )

, ΦΓ̃ (α̃i )
, K̃α̃i > (2)

where ΦΠ̃(α̃i )
, ΦΔ̃(α̃i )

and ΦΓ̃ (α̃i )
are respectively functions of observation, decision

and action [9]. The set of fuzzy knowledge K̃α̃i includes decision rules, values of
domain, acquaintances, and dynamic knowledge (observed events, internal states).

2.2 Fuzzy Interaction, Fuzzy Organization, and Fuzzy Role

In agent-based systems, as in human organizations, actions, interactions and com-
munications, are closely linked and interdependent [15]. Interaction is an exchange
between agents and their environment. This exchange depends on the intrinsic prop-
erties of the world in which agents are active. Perception of agents may be passive
when receiving messages/signals, or active, when it is the result of voluntary actions.
Communication is an exchange between the agents themselves, using a language.

A fuzzy interaction ι̃s,r ∈ Ĩ between two fuzzy agents is defined by (3):

ι̃s,r =< α̃s, α̃r , P̃α̃s , γ̃i > (3)

where α̃s is the fuzzy agent source of the interaction, α̃r is the fuzzy agent destination,
P̃α̃s is the fuzzy set of roles performed by α̃s , and γ̃i is a fuzzy act of cooperation.
Interactions are fuzzy: the destination agent also always evaluates an interaction
(fuzzy value) to determine the interest this interaction can take for it.

Problems due to the partial view of agents (local goals, interleaving activities, etc.)
require the development of strong coordination mechanisms [18]. The organization
shall allow an agent-based system to behave as a coherent whole, to solve a problem
unequivocally. It controls and coordinates the interaction between agents of the sys-
tem, thus structuring their activities with the goal of convergence. Ferber et al. [7]
distinguish between “organizational structure” and “organization”, corresponding to
the process of designing the structure. Wooldridge [34] proposed a more practical
definition: “a collection of roles that stand in certain relationships to one another
and that take part in systematic institutionalized patterns of interactions with other
roles”.

From the numerous definitions of agent organization [6, 7, 15, 17, 21, 33, 34],
we extracted the following properties, before interpreting them in the fuzzy field
(Fig. 2a):

• P1. An organization is partitioned into groups or communities of agents.
• P2. A community is comprised of agents sharing a goal and characteristics.
• P3. An agent can belong to several communities.
• P4. An agent performs one or several roles within the community(ies) to which it
belongs.
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Fig. 2 Fuzzy agents: a organization model, b interactions and induced common roles

• P5. A role is an abstract representation of a function performed by agents within
one or several communities.

• P6. An agent interacts with the agents of its community or other communities to
perform its roles.

• P7. An agent that interacts with another agent then participates in the same role
as the latter (Fig. 2b).

In a collaborative structure different roles are performed by agents. Modelling the
notion of roles for the agent paradigm can take many forms (Fig. 3):

• Inmanymodels of distributed agent-based systems, agents performonly one role in
their community or the defined organization: the role for which they are designed.
Sometimes several agents can perform the same role.

Fig. 3 Distributions of agents in communities based on roles they perform at a given time
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• Some models allow agents to change their role within their community or the
defined organization. At any given time, an agent will perform one role. Agents
change roles at times determined by the context of problem solving or group
activity. In this case, the role change corresponds to a context switch.

• A more innovative model where agents can perform several roles at any time in
their community or the defined organization. In this case, the agents perform their
roles with varying degrees, which means that a role may be singled out and others
are active. In this case, fuzzy set theory is well suited to modelling and designing
such roles. This is the solution that we will develop in this paper.

During our experiments on collaborative and distributed design, we observed that
designers were more widely involved in terms of their unique area of expertise
[11, 22, 24]. This is observable in sequences of creativity, where designers perform
several roles in the same sequence with greater or lesser degrees. We model this
property with the theory of fuzzy sets. We also proposed that the roles of agents
are considered fuzzy. An agent in this organization can have several fuzzy roles at
a given time. In that case, the fuzzy set of roles performed by a fuzzy agent α̃i is
defined by (4):

P̃ (α̃i ) = {
μρ̃1(α̃i ), μρ̃2(α̃i ), . . . , μρ̃q (α̃i )

}
(4)

During cooperative activities, a fuzzy agent performs roles according to its knowl-
edge and its fuzzy interactions. A fuzzy agent interacts by sending messages within
its initial community (performing its main role), or within other communities (per-
forming other roles). A fuzzy agent α̃i by interacting with a fuzzy agent α̃ j of another
community then participates in the same role as α̃ j (5):

∀α̃i ∈ Ã ⊃ [∃x : ρ̃x ∈ P̃ ∧ α j ∈ Ãx , ΦP̃(α̃ j , ρ̃x ) ∧ λ̃i, j (α̃i , α̃ j , τ, η̃) ⊃ ΦP̃(α̃i , ρ̃x )]
(5)

3 Product Configuration Approach

To analyze roles of fuzzy agents within a collaborative design platform, a “chair
configurable product” is chosen because of both the simplicity and accessibility of
this illustration. A chair is made up of a few elements, but it can be configured in
multiple ways satisfying both customer’s requirements and different experts’ process
views.

3.1 Fuzzy Product Configuration Model

The configurable product design is a mapping process between product require-
ment view, functional view, physical solution view, process view and fuzziness of
collaborative design process. We proposed a fuzzy approach for searching configu-
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Fig. 4 a Product configuration approach, and b agent-based architecture of FAPIC platform

ration structures [2, 28, 29]. This approach is carried out into three phases (Fig. 4a):
(1) Fuzzy relationships in engineering design: the results are the different engineer-
ing design models, from requirements to solutions, necessary for the configuration
of a product (the fuzzy sets R̃, F̃, C̃, S̃); (2) Searching the fuzzy set of consensual
solutions: the result is a fuzzy set of consensual solutions (the fuzzy set S̃c); and (3)
Fuzzy optimal solution agents based product configuration: the results are optimal
solutions (the fuzzy set G̃).

3.2 Agentification of the Configuration Approach

Requirements, functions, constraints and solutions are fuzzy agents, with a degree of
membership in each community defined for configuration (R̃, F̃, C̃, S̃). Cooperative
interaction can occur between fuzzy agents in communities of functions and solutions
(intra-communities interaction), or between fuzzy agents of different communities
(inter-communities interaction). A fuzzy interaction is defined by (3) and the degree
of interest of a fuzzy interaction μα̃ j (ι̃i, j ) for a fuzzy agent α̃ j is defined by (6):

μα̃ j (ι̃i, j ) = min
(
μα̃ j (α̃i ) , μρ̃r (α̃ j ), μρ̃r (α̃i )

)
(6)

where μα̃ j (α̃i ) is the degree of affinity between α̃ j and α̃i , μρ̃r

(
α̃ j

)
and μρ̃r (α̃i ) are

the membership functions of α̃ j and α̃i in performing the role ρ̃r .
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A fuzzy agent-based platform called FAPIC (Fuzzy Agents for Product Integrated
Configuration) was developed for product configuration (Fig. 4b). In FAPIC, fuzzy
agents are organized in four communities (7):

Ãr ⊆ Ã, Ã f ⊆ Ã, Ãc ⊆ Ã, Ãs ⊆ Ã (7)

Each community has a clear objective, which determines the main role that fuzzy
agents perform in their communities [28]. This means that each fuzzy agent belongs
to a community of reference in which it plays its main role (8):

∀α̃ ∈ Ã ⊃ [∃x ∈ {r, f, c, s} , α̃ ∈ Ãx ∧ ΦP̃(α̃, ρ̃x )] (8)

4 Illustration for a Chair Configuration

4.1 Presentation of the Case Study

This section gives a detailed illustration for the three phases of the proposed approach
(Fig. 4a).

In the first phase (Fuzzy agents based systems building) communities of fuzzy
agents are built. In this case study, 11 fuzzy requirement agents, 4 fuzzy function
agents, 20 fuzzy solution agents, and 16 fuzzy constraint agents, are built (cf. Appen-
dix II). Then, interactions between fuzzy agents of all communities are built.

The second phase (Searching fuzzy set of consensual solution) comprises six steps:

• Step 1: Definition of Fuzzy Set of Requirements. The fuzzy set of requirements for
a particular customer is defined. The fuzzy requirement agents observe this fuzzy
set and take the corresponding fuzzy values.

• Step 2: Emergence of Fuzzy Product Functions. It spells out functions that the
configuration product will support. The fuzzy set of product function agents are
computed using the fuzzy relationship between requirement agents and product
function agents.

• Step 3: Emergence of Fuzzy Set of Solutions. The fuzzy set of solutions is computed
from interaction between the set of active function agents and solution agents.

• Steps 4 and 5: Definition and Integration of Fuzzy Set of Constraints. The fuzzy
constraints agents observe what the constraints of a particular process view are
and they decide to take the corresponding fuzzy values.

• Step 6: Emergence of Consensual Fuzzy set of Solutions. Fuzzy constraint agents
interact with fuzzy solution agents to converge towards a consensual fuzzy set of
solutions.

In the third phase (Fuzzy optimal solution for configuration), the consensual solution
agents are structured into modules, through their interactions, using their affinities
from the fuzzy solution agents’ structure. The fuzzy optimal solution agents represent



216 A.-J. Fougères and E. Ostrosi

Table 1 Optimal configuration: local point of view of fuzzy solution agents

Agent Optimal
configuration

Value Agent Optimal
configuration

Value

s̃1 s̃1 − s̃6 − s̃16 2.25 s̃11 – 0

s̃2 s̃2 − s̃6 − s̃16 2.1 s̃12 – 0

s̃3 s̃3 − s̃7 − s̃17 1.95 s̃13 – 0

s̃4 s̃4 − s̃6 − s̃16 1.5 s̃14 – 0

s̃5 s̃5 − s̃6 − s̃16 1.8 s̃15 – 0

s̃6 s̃1 − s̃6 − s̃16 1.4 s̃16 s̃1 − s̃9 − s̃16 1.7

s̃7 s̃1 − s̃7 − s̃19 1.2 s̃17 s̃1 − s̃9 − s̃17 1.45

s̃8 s̃2 − s̃8 − s̃17 1.15 s̃18 s̃1 − s̃7 − s̃18 1.4

s̃9 s̃1 − s̃9 − s̃19 1.0 s̃19 s̃1 − s̃9 − s̃19 1.5

s̃10 s̃1 − s̃10 − s̃16 1.2 s̃20 s̃1 − s̃6 − s̃20 1.2

Optimal configuration

<s1>
0.6

<s6>
0.6

<s16>
0.6

s1 s2 s3 s4 s5     s6 s7    s8     s9   s10 s11 s12 s13 s14 s15 s16 s17  s18  s19  s20
[s1 si] =  [ 0  0  0  0  0        0.7 0.6 0.5  0.5  0.5      0   0    0    0    0  0.7 0.7  0.6  0.7  0.6 ]

s6 - Square s1 - Square s16 – Staight_a

<s1> Agent’s local 
point of view

×

a) Configuration 4 : {s1, s6, s16 }

Fig. 5 Configuration: local point of view of agent s̃1

a network of fuzzy solution agents which maximize the objective function. Results
of this phase are given in Table1. For instance, considering the fuzzy solution agent
s̃1 as solution for the class Cl1 (Seat, Appendix II), its optimal network is formed
by the solution agents [s̃1-s̃6-s̃16], with a value of objective function equal to 2.25
(Fig. 5).

4.2 Analysis of Fuzzy Agents Roles

In FAPIC, the set of fuzzy roles P̃ = {
ρ̃r , ρ̃ f , ρ̃c, ρ̃s

}
is defined. Then, the fuzzy set

of roles an agent α̃i performs is defined by (9):
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P̃(α̃i ) = {
μρ̃r (α̃i ), μρ̃ f (α̃i ), μρ̃c(α̃i ), μρ̃s (α̃i )

}
(9)

Let us consider Phase 2 of the configuration process and the fuzzy agents r̃1, f̃1, c̃11
and s̃1 (traced agents) (Fig. 6). The fuzzy values of roles performed by an agent α̃i

are calculated by the formula (10):

(ne/na)/((ne/na) + 1) (10)

where ne is the number of exchanges between α̃i and agents of the community
corresponding to the target role and na is the number of agents in the community
corresponding to the target role.

The following steps are illustrated in Fig. 6:

• Step 1. r̃1 interacts with the 10 other members of the requirements communityR̃.
At this time r̃1 performs one role: � Definition of requirements 	.

• Step 2. r̃1 interacts with f̃1, and participates in the role of � the definition of
functions 	 ; then f̃1 interacts with the 3 other members of the fuzzy functions
communityF̃ . At this time f̃1 performs two roles: � Integration of requirements
	 and � Definition of functions 	.

• Step 3. f̃1 interacts with s̃1, and participates in the role of�Definition of solutions
	. Then s̃1 interactswith the 19othermembers of the fuzzy solutions communityS̃.
At this time, s̃1 performs two roles:� Integration of functions	 and�Definition
of solutions 	.

• Step 4. c̃11 interacts with the 15 other members of the constraints communityC̃ .
At this time, c̃11 performs one role: � Definition of constraints 	.

• Step 5. c̃11 interacts with s̃1, and participates in the role of � definition of solu-
tions 	 ; then s̃1 interacts with the 19 other members of the fuzzy solutions
communityS̃. At this time, s̃1 performs two roles: � Integration of constraints 	
and � Definition of solutions 	.

• Step 6. s̃1 interacts again with the 19 other members of the solutions community
S̃. At this time, s̃1 performs the role: � Definition of consensus solutions 	.

The six tables presented in Fig. 6 show the change step by step of the fuzzy values
of agents’ roles during Phase 2. These tables indicate for each step of the Phase

2 and each of the four tracks fuzzy agents
(

r̃1, f̃1, c̃11 and s̃1
)
: (1) the number of

exchanges between these fuzzy agents and other fuzzy agents of FAPIC (inter or
intra-community interactions: R̃/R̃, R̃/F̃, F̃/F̃, F̃/S̃, C̃/C̃, C̃/S̃, S̃/S̃), and (2) the
fuzzy values of the different fuzzy roles performed by the fuzzy agents (a vector of
fuzzy roles corresponding to P̃ = {

ρ̃r , ρ̃ f , ρ̃c, ρ̃s
}
).

Finally, after a full configuration, we obtain for fuzzy agents r̃1, f̃1, c̃11, s̃ (our
track agents), the number of inter/intra-communities exchanges and the fuzzy values
of roles given in the first table of the Fig. 7 (Fig. 7a).
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Fig. 6 a Illustration of interactions of fuzzy agents r̃1, f̃1, c̃11, s̃ during Phase 2 of configuration;
and b evolution of their fuzzy roles

The three tables presented in the figure below (Fig. 7b, c, d) show the evolving
roles for three different and frequent scenarios:

• The first scenario corresponds to the change in requirements made by the customer
when the results are not fully satisfactory. The consequences of this change are:
(a) the roles of requirements and functions are enhanced for fuzzy agents r̃1 and
f̃1, and (b) the roles of functions and solutions are reinforced for fuzzy agent s̃1.

• The second scenario is the change of constraints by one of the expert domains (here
the domain of production) after obtaining the results of the configuration and that
it does not fully comply. In this case, we find that: (a) the role of constraint is
enhanced for the fuzzy agent c̃11, and (b) the roles of constraints and solutions are
reinforced for the fuzzy agent s̃1.
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Fig. 7 Fuzzy values of roles: a at the end of the process, and b, c, d for three basic scenarios

Fig. 8 Activity of fuzzy agents during the 6 steps of Phase 2: a without change, b with change of
requirements in step 3 (cf. Fig. 7d)

• The third scenario is the change in requirements by the customer before he has
received the results of the configuration (for instance, he realizes that he has ill-
defined his need, and he does not expect the outcome of configuration to change
it). Then the results of this change are: (a) the roles of requirements and functions
are enhanced for the fuzzy agents r̃1 and f̃1 in the same way as in the first scenario,
and (b) only the role of function is enhanced for the fuzzy agent s̃1 (i.e., the step
6 of phase 2 is not duplicated in this case).

Figure8 enables the distribution and volume of activity of each community of fuzzy
agents during the 6 steps of phase 2 to be visualized. This figure presents two cases:
(a) without the intervention of customers or expert of the domains (Fig. 8a), and
(b) with the intervention of one of the actors (Fig. 8b)—here the intervention of the
customer, according to the third scenario presented above. In the latter case, the
increased activity of fuzzy agents (requirements, functions and solutions agents) and
their respective roles are clearly visible.

Let us now examine the impact of interactions on the fuzzy configuration. To do
this, we will analyze the roles of fuzzy function agents during Phase 2 of configu-
ration. The number of interactions for a fuzzy function agent with fuzzy agents of
other communities is equal to [R̃ → 11, F̃ → 6, C̃ → 0, S̃ → 20]: a total of 37
interactions per fuzzy function agent during this phase. Without weighting of fuzzy
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Table 2 Fuzzy values of fuzzy function agent roles

Agent R F C S Agent R F C S

f̃1 0.89 0.86 0 0.36 f̃3 0.36 0.53 0 0.18

f̃2 0.73 0.58 0 0.18 f̃4 0.71 0.48 0 0.18

Table 3 Values of fuzzy solution agent roles

Agent R F C S Agent R F C S

s̃1 0 0.23 0.48 0.79 s̃11 0 0.2 0.31 0.71

s̃2 0 0.23 0.52 0.66 s̃12 0 0.2 0.33 0.63

s̃3 0 0.18 0.49 0.74 s̃13 0 0.2 0.32 0.53

s̃4 0 0.13 0.44 0.68 s̃14 0 0.15 0.26 0.56

s̃5 0 0.15 0.4 0.54 s̃15 0 0.13 0.24 0.59

s̃6 0 0.18 0.29 0.79 s̃16 0 0.38 0.28 0.74

s̃7 0 0.23 0.32 0.69 s̃17 0 0.4 0.34 0.68

s̃8 0 0.23 0.29 0.58 s̃18 0 0.35 0.35 0.68

s̃9 0 0.13 0.28 0.59 s̃19 0 0.38 0.33 0.68

s̃10 0 0.15 0.25 0.51 s̃20 0 0.3 0.26 0.49

interactions, we obtain for the fuzzy function agents the following set of degrees of
membership of fuzzy roles: [0.5, 0.6, 0, 0.5]. With weighting of fuzzy interactions,
we obtain the following set of degrees of membership of fuzzy roles: [0.89, 0.86, 0,
0.36].

The following table (Table2) shows the results for each of the four fuzzy function
agents. The preponderance of the activity of the fuzzy function agent f̃1 (function:
Support the lower-body weight of a person in a sitting position) is visible in Table2.
We will now analyze the roles of fuzzy solution agents during Phase 2 of configu-
ration. The number of interactions for a fuzzy solution agent with fuzzy agents of
other communities is equal to [R̃→ 0, F̃→ 4, C̃→ 16, S̃→ 114]: a total of 134
interactions per fuzzy solution agent during this phase. Without weighting of fuzzy
interactions, we obtain for the fuzzy solution agents the following set of degrees of
membership of fuzzy roles: [0, 0.5, 0.5, 0.85]. With weighting of fuzzy interactions,
we obtain the following set of degrees of membership of fuzzy roles: [0, 0.23, 0.48,
0.79].

The following table (Table3) shows the results for each of the 20 fuzzy solution
agents. The increased activity of fuzzy solution agents s̃1, s̃6, s̃16 is visible during
Phase 2. These agents will provide the best and consensual solution to the end of
phase 3; what was seen in Table1.

This analysis shows that organizations in FAPIC platform are fuzzy evolving
systems. Indeed, dynamic adaptive organizations emerge from the fuzzy interaction
of heterogeneous fuzzy agents and their fuzzy roles. The analysis of the behavior
of fuzzy agents during design collaborations has shown that the distribution of roles
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performed by fuzzy agents is continually changing. Fuzzy agents are characterized
by fuzzy organizations. The last one is the result of the evolution of agents’ fuzzy
roles due to their fuzzy interactions.

5 Discussion and Conclusions

This paper has presented the analysis of the evolution of multiple fuzzy roles of four
communities of fuzzy agents in a collaborative design for configurations platform.
Fuzzy agents have been modeled to have fuzzy knowledge and fuzzy interactions.
Fuzzy agents are modeled to play multiple fuzzy roles. In addition, the resulting
organizations are also fuzzy.

Fuzzy agents have been developed and used for product configuration because of
their similarity to the actors’ behavior and reasoning. In the proposed agent-based
FAPIC platform (Fuzzy Agents for Product Integrated Configuration), requirements,
functions, solutions, process constraints are fuzzy agents grouped in four fuzzy com-
munities characterized by amain fuzzy role and other secondary roles. The aim of the
application described in this paper was to analyze the fuzzy behavior of fuzzy agents,
particularly the analysis of the evolution of fuzzy roles and their fuzzy interactions.

Tradeoff between actor’s interventions and fuzzy agents has been considered to
be an important issue. This has been extended to the tradeoff between customer
intervention and fuzzy agents. The results of analysis of these tradeoffs have shown
the important influence of fuzzy solution agents in the organization of the agent-based
collaborative design platform. The fuzzy role of fuzzy solution agents is strongly
influenced by the variations and changing of requirements and process constraints.

Another finding is the influence of sharing of knowledge between the communities
of agents. The more the fuzzy agents share their knowledge, the more their fuzzy
roles are complete in every domain of design for configurations. The simulation
shows that fuzzy requirement agents perform well their own main role, but they do
not play at all the role of fuzzy constraint agents. The same observation can be done
for the role played by fuzzy constraint agents in the domain of fuzzy requirement
agents. This is due to the lack of knowledge sharing between these two communities
of fuzzy agents.

The influence of the degree of interactions in the design for configurations process
should be outlined. The fuzzy function agents, influenced bymany fuzzy requirement
agents, are the most active in the design process. The simulation shows that this
observation can be extended to the fuzzy solution agents. The most active fuzzy
solution agents are those which create the best consensual solution. It shows that the
consensus can be found principally by increasing the degree of interactions.
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Appendix

I: Notation Used in the Fuzzy Agent Model

Ã = {α̃i } is the finite fuzzy set of fuzzy agents
Ĩ = {ι̃i } is the finite fuzzy set of interactions defined for all fuzzy agents

P̃ = {ρ̃i } is the finite fuzzy set of roles to be performed by all fuzzy agents
Õ = {õi } is the finite fuzzy set of organizations of all fuzzy agents into communities
Σ̃ = {σ̃i } is the finite fuzzy set of states defined in agent-based system
Σ̃α̃i ⊆ Σ̃ is the finite fuzzy set of states of fuzzy agent α̃i

Π̃ = {π̃i } is the finite fuzzy set of perceptions in agent-based system
Π̃α̃i ⊆ Π̃ is the finite fuzzy set of perceptions of fuzzy agent α̃i

Δ̃ =
{
δ̃i

}
is the finite fuzzy set of fuzzy decisions, with Δ̃α̃i =< Ẽα̃i , X̃ α̃i , Γ̃α̃i >

Γ̃ = {γ̃i } is the finite fuzzy set of actions
Γ̃α̃i ⊆ Γ̃ is the finite fuzzy set of actions that fuzzy agent α̃i can process
Λ̃α̃i ⊆ Γ̃ is the specific finite fuzzy set of communication acts that fuzzy agent α̃i

can process; λ̃s,r =< λ̃, α̃s, α̃r , P̃α̃s , τ, η̃ > is a fuzzy communication
between α̃s and α̃r

K̃ = {κ̃i } is the finite fuzzy set of fuzzy knowledge in agent-based system
K̃α̃i ⊆ K̃ is the finite fuzzy set of fuzzy knowledge of fuzzy agent α̃i , with K̃α̃i =

P̃α̃i ∪ Σ̃α̃i ∪ Σ̃M̃α̃i

Ẽ = {ε̃i } is the finite fuzzy set of fuzzy events observed in agent-based system
Ẽα̃i ⊆ Ẽ is the finite fuzzy set of fuzzy events that fuzzy agent α̃i can observe
X̃ = {χ̃i } is the finite fuzzy set of conditions in agent-based system
X̃ α̃i ∈ X̃ is the finite fuzzy set of conditions associated to internal states of fuzzy

agent α̃i

B̃ =
{
β̃i

}
is the finite fuzzy set of speech acts

H̃ = {η̃i } is the finite fuzzy set of messages
T̃ = {τ̃i } is the finite set of types of messages

M̃α =< Ã, Ĩ , P̃, Õ > is the tuple defining an agent-based system
ΦΠ̃(α̃i )

: Σ̃ × Σ̃M̃α̃i
→ Π̃α̃i is the function of observations of fuzzy agent α̃i

ΦΔ̃(α̃i )
: Π̃α̃i × Σ̃α̃i → P̃α̃i is the function of decisions of fuzzy agent α̃i

ΦΓ̃ (α̃i )
: Δ̃α̃i × Σ̃ → Γ̃α̃i is the function of actions of fuzzy agent α̃i
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II: Characteristics Defined for the Case Study

Domains 
Fuzzy
Agents

Description 
Fuzzy
Agents

Description 

Requirements 

1r
~ Size  7r

~ Classic  

2r
~ Weight  8r

~ Comfortable  

3r
~ Price  9r

~ Practical 

4r
~ Office  10r~ Durable  

5r
~ Bar 11r~ Stable  

6r
~ Classroom 

Functions 
1f

~ Support the lower-body 
weight of a person 3f

~ Support the arms of a person in a 
sitting position 

2f
~ Support the back of a person 

in a sitting position 4f
~ Offer movement space for the legs 

of a person in a sitting position 

Solutions 

1s~

Cl1:
Seat

11s~

Cl3:
Armrest

2s~ 12s~

3s~ 13s~

4s~ 14s~

5s~ 15s~

6s~

Cl2:
Back

16s~

Cl4:
Stand

7s~ 17s~

8s~ 18s~

9s~ 19s~

10s~ 20s~

Constraints: 

example for 

the view 

“Production” 

11c~ Aim at simple shapes 41c~ Provide adequate support surfaces

21c~ Avoid differences in cross-

section
51c~ Avoid unnecessary machining 

31c~ Avoid large curvatures 61c~ Avoid excessively thin sections
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