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Abstract

In Concurrent Engineering, several designers in different fields and from different enterprise col-

laborate to build a product. This organization is a temporal organizational structure, called virtual

enterprise. In fact, once the project is realized, the virtual enterprise is dissolved, so the deal in

such organization is to keep the volatile knowledge. In this paper, we propose a guide to elabo-

rate a corporate memory in Concurrent Engineering by identifying the type of memory needed,

the contents of memory according to its use during the Concurrent Engineering process.
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I. Introduction

Concurrent Engineering (CE) is a difficult task in which several designers in different fields col-

laborate to build a system that satisfy some requirements. Hence, it is important to facilitate

teamwork and collaboration between participants in the development process. Learning from

past cases can be considered as guidelines to manage problems that occur in CE task, especially

in collaborative decision making. So, the need to build a memory of projects appears straightfor-

ward for this task.

The objective of this paper is to guide in the elaboration of a virtual enterprise memory by estab-

lishing the essential knowledge needed during the CE task. The CE organization like all virtual

enterprise organization is a temporal organizational structure, where several designers in differ-

ent fields and from different enterprise collaborate to build a product. A virtual enterprise mem-

ory is a corporate memory that takes into account knowledge of those groups of people. This

virtual enterprise memory includes different memory types pertinent for knowledge (know-how)

of professions, collective information, and knowledge resources of a CE project (project experi-

ences, problem solving expertise, design rationale) [25]. The purpose of this memory is to guide

the project realization in reference to profession knowledge and past CE experiences.

We based this paper on the CE cycle (the associated task model) (Cf. III) and different typologies

of memories proposed in Corporate Memory (CM) (Cf. III. 2) to define an adapted typology of

memories and the different possible construction of a memory. Then we analyse (Cf. IV) infor-

mation needed during the different tasks and propose also a content description of a virtual enter-

prise memory.
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II. Corporate Memory

II. 1. Definitions

The objectives of knowledge management in an organization are to promote knowledge growth,

knowledge communication and knowledge preservation in the organization [28]. According to

Pasahow cited in [19], knowledge management consists of «creating, maintaining and exploiting

knowledge infrastructures and organizational knowledge cultures and making knowledge pay

off». Knowledge management is a very complex problem and can be tackled from several view-

points: socio-organizational, financial and economical, technical, human, legal [6].

There is an increasing industrial interest in the capitalization of knowledge (i.e. both theoretical

knowledge and practical know-how) of groups of people in an organization, such groups being

possibly dispersed geographically. In [11] «corporate memory» is defined as an "explicit, disem-

bodied, persistent representation of knowledge and information in an organization". It may

include knowledge on products, production processes, clients, marketing strategies, financial

results, plans and strategical goals, etc. Prasad and Plaza, in [19] define corporate memory as "the

collective data and knowledge resources of a company including project experiences, problem

solving expertise, design rationale, etc" and it may include database, electronic documents,

reports, product requirements, design rationale, etc. It is a "repository of knowledge and know-

how of a set of individuals working in a particular firm" [7] and its building relies on the "will to

preserve, in order to reuse them later or the most rapidly, reasonings, behaviours, knowledge

even in their contradictions and with all their variety" [22]. Knowledge capitalization is the proc-

ess which allows to reuse, in a relevant way, the knowledge, of a given domain, previously stored

and modelled, in order to perform new tasks [26]. The purpose is to "locate and make visible the

enterprise knowledge, be able to keep it, access it and actualize it, know how to diffuse it and bet-

ter use it, put them in synergy and valorize them" [10].

Several kinds of knowledge can be found in a company: explicit or tacit knowledge [20]. In many

operations of knowledge capitalization, it is important to identify crucial knowledge to be capi-

talized [10]. It has an influence on the kind of corporate memory needed by the enterprise.

Other definitions of a corporate memory can be found in [6].

II. 2. Corporate Memory & Industrials

An enterprise is not only a unit of production of goods or services conform to the expectations of

clients, in the best conditions of cost, deadline and quality, but it is also a knowledge production

unit [10]. The nature of the needed corporate memory and the efforts needed for building it may

depend on the size of the company (cf. wide-sized groups vs small-sized and medium-sized

firms). The motivation can be various:

➫ to avoid loss of know-how of a specialist after his retirement or mutation,

➫ to exploit the experience acquired from past projects, and to keep some lessons from
past, in order to avoid to reproduce some mistakes,

➫ to take into account the corporate memory for the corporate strategy, decisions and
actions,

➫ to improve information circulation and communication in the enterprise,

➫ to improve learning of employees in the enterprise.

According to those motivations and before building a corporate memory, several questions must

be asked and solved by the enterprise:

➫ What types of memory are needed?
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➫ What kind of knowledge exists in the enterprise and must contribute to the construction
of the corporate memory?

➫ What sort of construction must be used?

In this paper we focus on virtual enterprises in the context of CE. In fact, a virtual enterprise is

constituted of several units from different enterprise and in different fields. All these units work

on one project and collaborate to define a product. Therefore, the life time of a virtual enterprise

is the same as a project.

We propose in the next sections to precise the definition of corporate memory for CE and to par-

tially answer to previous questions in a CE context.

III. Concurrent Engineering and Corporate Memory

Before describing the definition of a corporate memory in CE, let-us present the principal charac-

teristics of CE task.

III. 1. The Concurrent Engineering Task

To study knowledge manipulated in CE projects, we base ourselves on a generic model [17] for the CE

task (Figure 1.).

 Figure 1. Concurrent Engineering data flow.

Round-corner rectangles are tasks, rectangles are their input/output.

We distinguish two levels of tasks in this model:

- Individual Design: (Design task), relying on private knowledge, each designer generates

some propositions to satisfy given requirements.

- Cooperative Evaluation: (Evaluate task), The group evaluates the integration of proposi-

tions in the artefact. Propositions may not satisfy participants’ needs and conflicts can

appear. Thus, the principal subtask in this evaluation consists of detecting and solving con-

flicts. To promote the acceptance of his propositions by the group, a participant justifies

them with a number of arguments (Argue task). Assumptions made in the design task are

used to determine arguments and to define them. Argumentation tries to change other partic-

ipant’s opinion by justifying the utility and the necessity of a proposition [2]. It forms an

important part of negotiation which aims at solving a conflict.

We can remark that different types of knowledge (private and shared) and different types of tasks

(individual and cooperative) are manipulated in CE task. Note also that several expertise fields

are implicated and that designers may be in geographically distant sites. So, different types of

knowledge (related to profession, to experience, etc.) have to be capitalized and designers need to
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access them (from a relative field, or collaborative decisions,...) for each task.

III. 2. Bases for the Elaboration of a Corporate Memory in CE

We first present different memory typologies proposed in the CM literature, and analyse what

sort of typology can be used in CE. We also propose to determine what sort of bases may be built

for each memory type and we present an overview of the different sorts of construction, to help

and guide in the construction of the different bases proposed.

III. 2. 1. Typologies of corporate memories

The corporate memory types take into account the diversity of knowledge and information found

in a firm. There are several typologies in CM literature. We choose two of them, that are more

relevant for our study.

[22] distinguishes:

• "technical memory". Capitalization of employees’ know-how

• "organizational memory". Past and present organizational structures of the enterprise

• "project memories". Capitalization of lessons and experiences from given projects

[30] proposes different types and their content:

• "profession memory". Referential documents, tools and methods used in a profession

• "society memory". Organization, activities, products, participants (customers, suppliers,
sub-contractors)

• "individual memory". Status, competencies, know-how, activities of a given member

• "project memory". Project definition, activities, history and results

In those typologies, we can see that there is a distinction between information and knowledge

considered as references (sort of persistent objects that everyone can use) and information and

knowledge relative to an experience, only usable if a new experience is similar to one of the

experience referred in the CM. Nevertheless, there is no "society memory" in CE. A project is

performed by a number of designers belonging to different enterprises. This organization differs

from a project to another. So, an organization memory in CE is related to a project.

Considering these characteristics, we define the following typology dedicated to CE:

• "profession memory". Capitalization of participants’s know-how in a profession, Refer-
ential documents, tools and methods used in a profession.

• "project memories":

-"project definition memory". Definition, organization, activities, results of projects.

-"project design-rationale memory". Rationale in the CE task: history of proposi-

tions, problems, solving methods and solutions.

III. 2. 2. Guide for the construction of a virtual enterprise memory

The construction of a corporate memory requires abilities to manage disparate know-how and

heterogeneous viewpoints, to make this knowledge accessible to the adequate members of the

enterprise, to integrate and store this knowledge in written or electronic documents, or in knowl-

edge bases, or in case bases, which should be easily accessible, usable and maintainable. Such a

corporate memory should help to support the integration of resources and know-how in the enter-

prise and the cooperation by effective communication and active documentation [6].

The techniques adopted to build a corporate memory depend on the available sources: special-
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ists, existing written or electronic documents such as reports or technical documentation, existing

database or case libraries, dictionaries. They also depend on the memory type according to the

intended users. It may consist of written documents making explicit the enterprise adequate

members' knowledge, that had never been yet elicited and modelled, or of a computational mem-

ory, such as an intelligent documentary system [21], a knowledge base, a case-based system [26],

a combination of documents, knowledge bases and case bases [13],... About this, Kühn [13] pro-

poses that a corporate memory can be composed of different sorts of memories. The ability to

manage both knowledge, elements of experience and documents, is important as well as the abil-

ity to offer information retrieval, and the ability to store and reuse elements of experience.

➠ Proposition for the construction of a virtual enterprise memory

In (Figure 2.) we describe the different possibilities to build each type of memory described in

the CE memory typology. In the case of:

• "profession memory" type, we can propose three sorts of constructions: a non-computational

base that provides non-formal documents, a knowledge base that provides formal knowl-

edge, and a document base. A profession memory can refer to one of those bases (non formal

documents, formal knowledge and document base) or several of them.

• "project definition memory" type, we propose to use a case base defining projects.

• "project design-rationale memory", we can propose the same bases as "profession memory"

type, and also a data-base of information provided by participants’ activities on tools dedi-
cated to design.

 Figure 2. CE typology of memories and possible associated bases

According to our main objective (a guide to build a virtual enterprise memory), we present an

overview of the different constructions to build a base corresponding to each type of memory.

➠ Overview of constructions to help building the different bases
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A non computational base is composed by (written) documents on knowledge that had never

been elicited previously. The construction of such a base may be guided by the elaboration of

synthesis documents on knowledge that is not explicit in reports or technical documentation, and

is more related to the know-how of the enterprise through the different experts.

The base is composed of knowledge given by existing documents and interviews of experts. But

the knowledge of the experts is not reduced to what they can say. The observation of the activity

of an expert is another expertise source for the elaboration of the synthesis document. The

KADE-TECH Society proposes a method called CYGMA [1] to produce different documents

that contain memory about a profession. [26] considers that this kind of memory provides «a glo-

bal view of the knowledge of the firm», and «allows experts from different sites to describe their

knowledge in the same format in order to be able, afterwards, to compare them more easily». But

in [26], this elaboration of documents synthesis is a first step in the construction of the knowl-

edge base.

• Document base

A document base relies on the principle that all existing documents of the firm can constitute the

corporate memory. But those documents are not well-indexed or they constitute a personal bibli-

ography for each expert of the firm. So, the construction of such a base begins by indexing all

reports, synthesis documents or references used by the different experts, and requires an interface

to manage documents. Poitou in [21] proposes an intelligent documentary system. He considers

that: «a good documentation system is very likely to be the least expensive and the most feasible

solution to knowledge management». He prefers a computer assistant to documentation (i.e. to

writing or reading) rather than knowledge representation: according to him, a document is

already a representation of knowledge. So, the main need is assistance in preparing, storing,

retrieving and processing documents. The notion of corporate knowledge collective management

system answers well to this need (examples are given in SG2C proposed by Poitou and DIA-

DEME proposed by Electricité de France) [21].

• Knowledge base

Knowledge engineering is naturally useful for building a CM based on elicitation and explicit

modelling of knowledge from experts or even for a formal representation of knowledge underly-

ing a document. Therefore several researchers that have been working on expert systems for

years evolved towards CM building where they could exploit their past experiences [6]. However,

the goal of a CM building is less ambitious than an expert system: instead of aiming at an auto-

matic solution for a task (with automatic reasoning capabilities), a CM rather needs to be an

assistant to the user, supplying him/her with relevant corporate information but leaving him/her

the responsibility of a contextual interpretation and evaluation of this information [13]. Kühn and

Abecker [13] notices that "in contrast to expert systems, the goal of a CM is not the support of a

particular task, but the better exploitation of the essential corporate resource: knowledge" but,

however, cites some knowledge-based CM implemented through an expert system (e.g. KONUS

system aimed at support to crankshaft design).

Knowledge engineering methods such as COMMET and CommonKADS can be useful in the

construction of a CM, because they allow to analyse and represent an activity on the knowledge

level. Steels [28] notices that the organization of a production is more and more horizontal, i.e.

the production is organized through activities gathering experts stemming from different depart-

ments. So the CM of such an enterprise can be based on activity description through three per-

spectives: task, method and information. By the same way, even though CommonKADS was not

primarily dedicated to CM building, some models offered by CommonKADS (organization, task,
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agent, communication and expertise models) give an interesting basis for knowledge-based CM

[12] and [4].

• Case base

The exploitation of another AI technique, case-based reasoning, can also be very useful [26].

Indeed each firm has a collection of past experiences (successes or failures) that can be repre-

sented explicitly in a same representation formalism allowing to compare them [6]. The use of a

case base for representing the CM is dedicated for the following aims: (1) avoid the scattering of

the expertise by concentrating knowledge of all experts in dedicated cases, (2) allow a continuous

evolution of the CM thanks to the progressive addition of new cases.

Case-based reasoning allows to reason from experiences and cases already encountered, in order

to solve new problems: e.g. for maintenance of a complex equipment, the collective memory of

past incidents can be useful for taking a decision in case of a new breakdown. The retrieval of a

similar past case can be used to suggest a solution to a new problem to be solved (this solution

can be reused or adapted if needs be). Improving representation of the cases, organization and

indexing of the case base is important for enhancing efficiency of case retrieval.

In [26], the author describes an example in metallurgy, where the aim was to capitalize knowl-

edge and know-how about descriptions of production of produced steels and metallurgical

defects encountered during these productions. The purpose of the CM was to exploit past suc-

cesses and failures in order to minimize error risks in design of new steels. The method consisted

of: (1) creating synthesis documents common to all sites and respecting a homogeneous format,

(2) proposing models to implement a CM based on such synthesis documents, (3) providing cap-

italization processes allowing to use the CM for defects detection purpose.

IV. Contents of each Memory according to each Task in CE Cycle

We studied above memory types to be considered in the CE task. It is necessary now, to define

precisely the content and the organization of each memory type related to knowledge needed in

each task and their use in the CE cycle. The main objective of this paper is to show how to define

project memory in CE collaborative decision making. So, we present only this part of memory in

detail (Cf. IV. 2).

IV. 1. Project Memory and Individual Design Task

In this type of task, private knowledge about the field of a designer and his experiences are

needed. In fact, a designer needs to know about conditions and constraints imposed by objects

manipulated in his field, about characteristics of these objects and about tools and methods to use

and under which conditions. In fact, this knowledge represents the knowledge and know-how of

a profession. So a "profession memory" can keep references to objects manipulated in a profes-

sion and their description, rules on objects, domain laws, methods and tools used (Figure 3.).

The knowledge engineer needs also to know about past design problems discovered in his field

[31], how they were avoided or solved, constraints imposed by chosen solutions and how a solu-

tion satisfied given requirements. Experience can be kept as a "Project definition memory" in

which the project context (requirements) and results (solutions) are defined, and a "Project

design-rationale memory" in which the problem solving expertise is described: encountered

problems, rationale in those problems in term of problem solving methods used (Figure 3.).
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 Figure 3. Information and knowledge needed during the individual design task

IV. 2. Project Memory and Cooperative Evaluation Task

In cooperative evaluation, propositions made by designers are evaluated in order to determine if

they can be integrated in a single artefact. This evaluation is done by a group of participants

formed by persons in charge of each submitted proposition and other deciders. We study in this

paper how the definition of a corporate memory can be useful to this task.

We have also to deal with the problem of multi-expertise knowledge representation in some part

of the CE memory. This problem is particularly important in this task, because all participants

must collaborate and exchange information during the task. Shared knowledge must be repre-

sented in a structure that facilitates consultation of participants. We choose the viewpoint notion

and the conceptual graph formalism (that we explain in the next sub-section) to represent (or

index) the different perspectives, corresponding to the field of each designer, his task in the

design process, and its competencies.

IV. 2. 1. Viewpoint notion and Conceptual graphs

Viewpoint notion is already exploited in software engineering research and Object Oriented Rep-

resentation. Viewpoints are used in complex system where each participant needs to express his/

her knowledge depending on his/her position in the project and his/her own experiences. In

Object Oriented Languages, developers focus their research on accessibility and dynamism of

models constructed with viewpoints. In TROPES [14] for example a viewpoint is "a perspective

of interest, from which an expert examines the knowledge base". Viewpoints are also mecha-

nisms allowing to access a subset of information of a common model, according to a given user

and his needs. In conclusion, viewpoints permit an intelligent modelling and indexation for infor-

mation retrieval.

But the word "Viewpoint" is a polysemous word, i.e. its definition depends on the context of use.

The definition of TROPES is a general definition that can take several interpretations in different

applications. In CE, we must introduce a human dimension that corresponds to the different par-

ticipants in a design project, and a knowledge dimension corresponding to the experience, com-

petence and situation of participants. Generally we can say that a viewpoint is taken by a person

according to his/her knowledge, domain of competence and his/her objective in his/her activity.

Finch [8] speak about vocational viewpoint for a viewpoint used in a particular work activity.

So in CE, we characterize a viewpoint by three objects: person, domain, objective. Each object

individual design
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search rationale in
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profession memory:

- objects descriptions
- rules on objects
- tools used
- methods used
- domain laws

project definition memory

- project context (Requirements)
- project results (Solutions)
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has a definition:

• person is described by the name of the person, its situation in the enterprise and its com-
petencies and level of competence for each competencies,

• domain is described by the name of the domain, and the current activity,

• objective is described by a focus in the activity on a design object.

We applied this definition in collaborative design and conflict management between distributed

data. We can notice that person, domain, objective are always (or more often) present in the elab-

oration of a viewpoint. So we can constitute a begin of ontology for CE with those objects and

define viewpoints in CE on this ontology. But the description of each object depend on the appli-

cation.

Moreover we consider two important parts in a viewpoint, first the "Objective" constitute the

focus, and second "Domain" and "Person" constitute the different angles of view on a same

focus (Figure 4.).

 Figure 4. example for a description of a network

According to this definition, we can filter information through the different objects characterizing

a viewpoint.

Furthermore we decided to use conceptual graph formalism with the viewpoint notion to repre-

sent knowledge/information needed during the cooperative evaluation task. The conceptual

graph model [27] is a graphical knowledge representation model, that structures knowledge in

two levels, a terminological levels and an assertion level. The terminological level contains the

"Support" composed by a concept type lattice and an ordered set of conceptual relations. The

assertion level contains graphs defined with respect to a canon. A canon contains the vocabulary

of experts to build graphs on an expertise. A conceptual graph is a connected, bipartite, labelled

graph. Each graph can be associated to a first order logic formula (Figure 5.).

 Figure 5. Example of conceptual graph

The first reason to choice conceptual graph (CG) formalism is the direct interaction between par-

ticipants in the CE process and knowledge/information represented in the memory. CGs are close

to natural language thanks to their representation of knowledge with concepts and relations, and

they have a graphical display form of logic which is more readable than classical notations. We

exploit also arguments of Gerbé, in [9], about how conceptual graphs "are a response to the spe-

cific requirements involved in the development of corporate knowledge repositories": the possi-
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bility to express knowledge both at the type and instance level, partial knowledge, category or

instance in relationship, and category or instance in MetaModel.

Taking inspiration of research made in object oriented representation, we proposed in a previous

work [23] an extension of the conceptual graph formalism to integrate viewpoints in the support

and in the building of conceptual graphs. Viewpoints allow to define the context of use and the

origin (name of the expert or group of experts, speciality, degree of experience,...) of concept

types introduced in a graph. Our aim was to define viewpoints to help  knowledge representation

with conceptual graphs for multi-expert knowledge acquisition and also to have an accessible

and evolutive knowledge base of conceptual graphs through viewpoints. Viewpoints in concep-

tual graphs offer the advantages of the conceptual graph formalism and a way to extract and

structure knowledge more effectively.

We detail in the next sections where viewpoints and CGs have to be used and their usefulness.

IV. 2. 2. Profession Memory

The "profession memory" must contain theoretical knowledge about conflict management like

methods, and typologies [17] that can guide the group to manage conflicts (Figure 6.).

The access to this type of memory can be facilitated by a knowledge server like WebCokace [5]

or similar tools. In fact, an index that associates methods to conflict types in WebCokace, allows

to access to a set of generic conflict management methods. Note also, that we find in this server a

typology [16] that emphasizes objects about which conflict can appear in CE.

 Figure 6. Information and knowledge needed during the cooperative evaluation task

IV. 2. 3. Project definition memory

Furthermore, knowledge about past experiences in this type of evaluation is appreciated. So,

informations about how a group can be formed and past experiences in task distribution and allo-

cation considering different fields, help an organizer to determine the organization of similar CE
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projects. Global information about past projects and their organization can be kept in a "project

definition memory" as (Figure 6.):

➠ Project global definition:

The Project global definition contains a project context (Requirements, basic architecture,...) and

the final state of the artefact considered as the project results. To represent a design object (also

called artefact), Tichkiewitch in [29] proposes a multi-view product model based on life cycle of

the product. Each component of the artefact must be described under several views by only one

expert. The different views or steps in the life cycle are "skeletal structure or topologic view",

"geometric view", "manufacturing view", "material view", "thermal view", "mechanical view"

and "dynamic/Kinematic view"(Figure 7.) . We can remark according to our definition of view-

point, that the couple (object, view) represents the different focus or objectives, taken by experts

to describe objects. Each expert can also have his description according to the focus. This model

is proposed for only one expert for one view, but we can generalize and apply it for several

experts on one view. Indeed two experts can be in the same domain, and express their description

in the same focus, but can have two different descriptions that corresponds to their level of com-

petence and experience in the domain. In the particular case of the final state of the artefact, the

complexity level of viewpoints (several views and several experts per view) is not really neces-

sary (in this state the description of the artefact is a consensual description), but the use of differ-

ent viewpoints to structure the artefact is useful to make a future consultation easier when a

future project seems to be similar to a project already stored in the CM.We give an example of

the conceptual graph representation of a part of an artefact state, using viewpoints (Figure 7.).

 Figure 7. Example of representation with viewpoints and CGs of a part of an artefact state

So, we distinguished four main objects characterising a viewpoint under which an artefact can be

examined: the domain, person, object and design view. We propose an interface according to this

structuring to access easily to information [24]. This interface allows to a designer to examine the

part of a past product related to his field. For example, in (Figure 8.) the object "domain" (charac-

terising a domain viewpoint on the artefact) give four possibilities to see the artefact: mechanics,

electronics, aerodynamics and hydraulics. The interface, after the selection of the domain, gives

access to the object "objective" characterized in that case by the different component objects

(pump, circuits, brakes) described in the artefact, in the hydraulic domain.
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So, by the selection, through the navigation graph, of the characteristics of the viewpoint under

which the designer wants to see the artefact, we give access to only information (Conceptual gra-

phs) corresponding to the need of the designer.

 Figure 8. Example of navigation through viewpoints: consultation of the hydraulics viewpoint in the

artefact.

➠ Project organization

The project organization memory describes groups implicated in a CE project and task definition

and distribution. So, knowledge in this memory can be organized around groups, tasks, required

professions and persons.

There are relations between these types of knowledge bases. In fact, a designer want sometimes

to know about the organization of a past project that had satisfied similar requirements than a

current one. User wants also to access to results done by a task and for example by a given group

in a given field or to task performed by such designer.

IV. 2. 4. Project design-rationale memory

Problems appearing in cooperative evaluation type are related to discordance between different

fields engaged in a CE project. It is not obvious to detect these discrepancies and to determine a

solution to these conflicts. Past experiences of conflict management that describe how conflicts

are detected (propositions made, rejected parts, elements that cause conflicts, explicitation of the

nature of conflicts, etc.) and how a solution is determined (methods used to negotiate rejected

elements of propositions, arguments made to defend them, modifications made in propositions,

in requirements and/or in the project organization) are useful to define a solution of a similar

problem in the integration of design propositions in a single artefact. Note also that different

states of artefacts designed in past CE projects must be described to take shape of results of deci-

sions made. This knowledge are relevant in a project "design-rationale memory" that describes

the different steps of cooperative evaluation. Each step is defined with (Figure 6.):

➠ Submitted design propositions

Propositions are submitted by different experts, in different task, and for different design objec-

tives. So to index all these propositions that we need to build the project design rationale, we use

viewpoints (with CGs) and we detail more precisely the content of each object describing a view-

point (Cf. IV. 2. 1):

• Domain (field, assigned task)

• Person (name, role in the project, competencies)

• Objectives (objectives of the design, proposed design elements and corresponding
requirements). The design elements can be so represented as elements responding to cer-
tain objectives and requiring certain design situations.

Propositions can be represented with different formalisms (stored in an URL). We propose to

build a base of conceptual graphs that index those propositions according to the viewpoint

Artefact

electronics mechanics

hydraulics
aerodynamics

hydraulics

pump

brakes
circuits

viewpoints
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described by the objects person, domain and objectives (Figure 9.). As a consequence, we can

use the navigation graph presented in the project global definition, to access to design proposi-

tions.

 Figure 9. Example of proposition indexation

➠ Conflict definition

A conflict can be described by elements that caused a problem between designers. These ele-

ments bring about the rejection of a number of design propositions. It is also important to specify

the nature of a conflict (responsibilities, cooperation, etc.). So, to represent a conflict in a mem-

ory we recommend to emphasize:

• Definition (the nature) of the conflict

• rejected propositions and persons who rejected them

• contributors (incoherent elements, objectives of these elements).

➠ Conflict solving

This type of knowledge can be organized as:

• conflict solving methods used (their definition and their results)

• given arguments,

• Decision made (modifications to done in propositions, requirements, organization and
the process).

➠ State of the artefact

A state of the artefact can be represented as same as its final state described in (Cf. IV. 2. 3)

through person, domain, objects and design view. The representation of each state of the artefact

is important, because it shows the evolution of the project and the result of decisions taken at

each step of the CE process. The use of viewpoints in the artefact representation allows to always

keep the relation between a knowledge/information element and its origin (person, design con-

text) and as a consequence permits to give a right understanding of this knowledge/information

element.

[TYPE: Design_Proposition]

(Vpt_geometric&E1)

(Vpt_topologic&E2)

(Vpt_topologicE3)

(Vpt_thermal&E4)

[TYPE:Design_Proposition_1]

[TYPE:Design_Proposition_2]

[TYPE:Design_Proposition_3]

[TYPE:Design_Proposition_4]

Example of indexation of a state of the artefact with viewpoint relations in CGs

definition graph of Design_Proposition_4 (x)

Example of description of a Design Proposition

Example of a viewpoint definition in CG
type definition of Vpt_thermal&E4(C1,C2):

[Person: Yves] [Domain: mechanic]

[Objective: Description_of_thermal_view _of _the_tree][&Vpt_thermal&E4]

[Role: Thermal_Designer]
[Competency: Expertise_in_Thermondynamic, level 5]

[Competency:Expertise_in_mechanic, level 3]

[Assigned_task: study_thermal_part_of_tree]

(described_by)

(has_for) (has) (in)

[Object:Tree] [design view:Thermal]

[Design_proposition_4: x] [Description: url_adress] (defined_in)

(on) (focus on)
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Relations between all these types of memories provide different ways to access to knowledge.

For example, given the name of a designer that rejected a proposition, a user can be informed

about his competencies, his assigned task, his expertise field (retrieved from project organization

memory). He can also ask about past propositions done by the same persons, about groups with

whom he worked, etc. An incoherent element can lead to the corresponding propositions and

even to past propositions, their inter-relations and the outcome state of artefact, etc.

V. Modelling and Use of the Virtual Enterprise Memory

➠ Modelling a part of the memory

 Figure 10. class diagram of "project definition" and "design-rationale" memories.

As we said above, we study in this paper, memory used in cooperative evaluation. So, we present

in Figure 10. a model of a part (project memory and design-rationale) of this memory. This

model is defined using UML (Unified Modelling Language) [18]. This provides a representation
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of relations between the components of such memory. The "profession memory" is studied in

detail in [15].

In our team, we developed a tool (CREoPS2) to support communication and evaluation of design

propositions in CE cycle [3]. This tool provides a good way to update automatically (as a back-

ground process) the "design-rationale" memory with information and knowledge described in

Figure 10.

➠ Use the memory in CE task

We define also a number of use cases of the virtual enterprise memory, responding to needs of

designers to learn from past projects. Figure 12. shows the sequence diagram in the case of con-

sultation of past similar projects.

 Figure 11. Sequence Diagram of past similar project consultation.

In cooperative evaluation, the design-rationale memory can be useful to deal with conflict

detected in the current project. So, the Figure 11. presents a sequence diagram of the case of con-

sultation of a design rationale step of a given project: propositions submitted, conflict detected,

methods used to manage them, etc.

Request: similar past projects

Search based on

similarities upon

requirements based

on current Project

requirementsProvides a list of similar projects

Asks a chosen project
Access to the

Project Definition

Memory
Provides: project definition, project organization

Asks the project definition

Provides: final state of the artefact, requirements

Asks for the final state of the artefact

Provides a part of the artefact

Navigation

through the artefact

graph using Viewpoint:

domain, objects and desi-

gner

Asks for requirements

Access via URL
Provides requirement description
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 Figure 12. Sequence diagram of consultation of a design rationale step of a given project.

To sum-up, memories related to a profession and past experiences in a specific field (profession

memory, project definition memory and project rationale design memory) (Figure 13.) are useful

to a designer. In fact, when a designer has to define individually a proposition related to a part of

the artefact, knowledge described in these memories guides him in his creativity, judgment and

dilemmahandling.

Request: Project number : ***

Search Project

DefinitionProvides a way to access to : Project Definition or Project Design-rationale

Asks a project Design-rationale step
Search a Design-rationale

Step, based on some

requirements❶ Provides design propositions, ❷ Conflicts, ❸ State of the artefact

❸ Asks a state of the artefact

Provides a part of the artefact state

Navigation

through the artefact

using viewpoints:

domain, objects and

participant

Asks design elements/arguments

Access via URL
Provides : design elements/arguments description

❶ Asks design propositions

Provides a way to access to design elements, arguments, designer

❷ Asks a conflict

Provides : contributors, conflict solving methods

Asks details on a conflict solving method

Provides method description, decision, arguments, affected propositions

Asks method description (Idem for decision, arguments)

Access via URL
Provides the method description

Asks an affected proposition

Navigation

through the propositions

using viewpoints:

domain, objectives and

participant

Provides the description of the proposition (Design Elements, ...)
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 Figure 13. Use of virtual enterprise memory.

In cooperative evaluation, the problem is to integrate propositions made by several designers in

different fields in a single artefact. So, memories related to cooperative evaluation tasks that con-

tains generic methods (profession memory), past organization experiences (project definition

memory) and reasoning statements underlying collaborative decision making (project design

rationale memory) are very appreciated (Figure 13.).

Sub-groups of designers and expertise fields in a CE project must be first defined. To do that, a

manager can examine organizations of similar past experiences using the project definition mem-

ory. This memory can show also artefacts produced responding to similar requirements than

those of the current project, or of a part of them. A participant can also, recognize designers that

defined such artefacts, their fields and their competencies.

The "design-rationale memory" helps the group of designers in the collaborative decision mak-

ing. Lessons learned from past propositions, conflicts appeared and negotiation done in similar

experiences are useful to make decisions. So, given similar requirements, a participant can access

to propositions done in a field, competencies of the designers who proposed them, corresponding

rejected or accepted ones, related elements that caused conflicts and methods used to solve con-

flicts. The corresponding state of the artefact viewed through the related domain shows the result

of the solution done, in the product.

Through these above examples of the project memory information retrieval, we can remark the

several perspectives of access given by the use of viewpoints in the project memory representa-
tion. These several perspectives form an excellent help to designers in different fields and having

different activities in a particular CE project.

VI. Conclusion

Elaborating a corporate memory is a challenge for every enterprises because the memory must
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memory

project definition

project design
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constitute an enterprise capital. The definition of a corporate memory is related to the context

under which it can be used. In CE, a corporate memory is a collection of memories keeping

tracks of virtual enterprise projects. So, it is hard to define those memories according to the

diversity of knowledge and information. We propose in this paper guidelines to elaborate a CE

memory through a dedicated typology and an analysis of each memory contents. We do not give

solutions to know how all those information or knowledge must be extracted, but we help in the

identification of important knowledge or information needed during the CE task. We propose

also to use viewpoints to make consultation easier and enhance the variety of perspectives (com-

bination of domain, participants and description task objectives) under which a user can see or

consult parts of the memory. Finally the aim of viewpoints is to give access to information

related to the interest of the memory user, and help him not getting lost in certain parts (described

in the paper) of the virtual enterprise memory. We plan to validate our proposition in an aircraft

application (with Dassault-Aviation).
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