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Abstract. This article is a preliminary suey of some methods, techniques and tools aimed at managing
corporate knaledge from a corporate memory (CM) designer's persgedti particularit analyzes pro-
blems and solutions related to the fallng steps: detection of needs of CM, construction of the CM, its
diffusion (specially using the Internet technologies), its usevaisi@&ion and itswlution.

1 INTRODUCTION
1.1 Corporate Memory: Definitions

The objectves of knavledge management (KM) in anganization are to promote kwtedge
growth, knavledge communication and kwtedge presemtion in the oganization (Steels, 93).
Knowledge management is ary comple& problem and can be tackled fronveeal vievpoints:
socio-oganizational, financial and economical, technical, human, gatl (Barthés, 1996).
There is an increasing industrial interest in the capitalization oflkedge (i.e. both theoretical
knowledge and practical kmehow) of groups of people in anganization, such groups being
possibly dispersed geographically (Van Heijst, \An der Spek, and Kruiziag1996xcorpoate
memory»is defined as amexplicit, disembodied, psistent epresentation of knowleégand
information in an oganization» For example, it may include kwadedge on products, production
processes, clients, mating stratgies, financial results, plans and stgital goals, etc. (Nagen-
dra Prasad and Plaza, 1996) define corporate memorth@sellective data and knowleglg
resouces of a companincluding project gperiences, problem solvinggertise, design ratio-
nale, etc»: it may include databases, electronic documents, reports, product requirements, design
rationale, etc. It is a «repository of kmedge and kne-how of a set of indiiduals working in a
particular firm» (Euzenat, 1996) and itsling relies on thewill to preservein order to reuse
them later or the mostapidly, reasonings, behaviosy knowledg even in their contadictions
and with all their variety>fPomian, 1996). Knsledge capitalization is the process whichwafo
to reuse, in a relant way, the knevledge of a gien domain, pngously stored and modelled, in
order to perform ne tasks (Simon, 1996). The purpose iskocate and mak visible the enter-
prise knowledg be able to &ep it, access it and actualize it, know how tfugéd it and better use
it, put it in synegy and valorize it¥Grundstein, 1995).

Several kinds of knwledge can be found in a comparmxplicit or tacit knowledg (Nonaka,
1991). Therefore, in gnoperation of knwledge capitalization, it is important to identify crucial
knowledge to be capitalized (Grundstein and Barthes, 1996). It has an influence on the kind of
CM needed by the enterprise. This CM should help to support thgatite of resources and
know-how in the enterprise and the cooperation ligative communication and aeé documen-
tation (Durstevitz, 1994).



As noticed in (Nonaka, 1991;av Engers, Mathies, get and Dek&r, 1995), the knaledge
chain consists of sen links: listing the x@sting knavledge, determining the required kviedge,
developing nev knowledge, allocating e and e&isting knawledge, applying kneledge, main-
taining knavledge, disposing of kmdedge. So, we can consider theilhing of the CM as
relying on the follaving steps (summed up in Figure 1): @g¢tection of needs in corporate

memory, (2) Construction of the corporate memory, (3) Diffusion of the corporate memory, (4)

Use of the corporate memory, (5) Evaluation of the corporate memory, (6) Maintenance and evo-

lution of the corporate memory.
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Fig.1: Corporate Memory Management

For each step, we will analyse some methodological or technical propdse¢sidiy researchers.

Let us notice that seral kinds of publications can be found: syren KM, analysis of types of
knowledge aailable in a compan reports of industrialx@eriments, proposal of a general archi-
tecture for CM, thorough study of a particular technique such as soméeklige-processing
techniques stemming from artificial intelligence (Al) and used here for solving a peculiar problem
underlying computational CMuilding. The \ariety of research topics possiblywatved in CM
management is illustrated by Figure 1. Cleaths compl& problem has at leastganizational
aspects to be tackled, and technical aspects to beds@lecording to (Kilhn and Abeek 1997),
computer scientists concerned by the use of Information and Communicatbnology for

KM support tend to ignore the specific requirements and constraints for successfiddgeo
management in industrial practice while specialists in KM often treat only roughly the aspects of
computer support. Thereforayilding a CM requires a multidisciplinary approach.



1.2 Corporate Memory Industrial Needs

An enterprise is not only a unit of production of goods or services conform trpéetations of
clients, in the best conditions of cost, deadline and quaéiityit is also a kneledge production
unit (Grundstein, 1995). The nature of the needed CM and filmtsafeeded foruilding it may
depend on the size of the compafef. wide-sized groups vs small-sized and medium-sized
firms). The motrations can bearious: (a) to wid loss of kna-how of a specialist after his
retirementor mutation, (b) to »ploit the eperience acquired from past projects, and depk
some lessons from past, in order tenid to reproduce some mistss (c) to eploit the
knowledge map of the compgifior the corporate strajg: a rgular inventory of the firm kna-
how should impree the enterprise ability to react and adapt to change, (d) tovienpriorma-
tion circulation and communication in the enterprise, (e) to inglearning of emplgees in the
enterprise (ne@ as old emplgees), (f) to intgrate the dierent knev-how of an oganization.

1.3 Knowledgein the Enterprise

Several typologies of knwledge in the enterprise were proposed in literaturey Taa be useful

to determine the essential kmedge the companneeds to capitalize (Durstdz, 1994).
(Grundstein, 1995; Grundstein and Barthés, 1996) distinguish on the on&riawtipw (ability

to design, hild, sell and support products and services) and on the otherihdinajual and col-

lective skills (ability to act, adapt andvelve). In a compay) there are tangible elements (data,
procedures, plans, models, algorithms, documents of analysis and synthesis) and intangible ele-
ments (abilities, professional knacks,vate knavledge, knavledge of companhistory and of
decisional contds...). Therefore, in a capitalization operation, tangible elements candre tak
into account through KM (technical data management, document management, configuration
management), while intangible elements requirekhow formalization (acquisition and repre-
sentation of kna-how and reasoning on such kmdénow). Know-how, technical &cts, product
requirements, design rationalexperience or xpertise are xamples of knwledge types useful

for corporate memory (Durstéz, 1994).

More specifically in the franveork of manuécturing industry several catgories of industrial
knowledge useful for design aeily are proposed in (Bourne, 1997) (see Wglo

1.4 Typologiesof Corporate Memories

The memory of an enterprise includes not only a «technical memory» obtained by capitalization
of its emplyees' knw-how but also an «@anizational memory» (or «managerial memory»)
related to the past and presemgamizational structures of the enterprise (human resources, mana-
gement, etc.) and «project memories» for capitalizing lessonsxpadence from gien projects
(Pomian, 1996). @urtier, 1995) distinguishes: (g@rofession memory, composed of the referen-
tial, documents, tools, methods used invegiprofession, (lkjompany memory related to agani-
zation, actities, products, participants (e.g. customers, suppliers, sub-contractonsgi\icjual
memory characterized by status, competencieswkhow, actvities of a gven member of the
enterprise,project memory comprising the project definition, agties, history and results.
(Grundstein and Barthes, 1996) distingucsgimpany technical knowledge (i.e. used eeryday
inside the compan its kusiness units, departments, subsidiaries by the gegddor performing

their daily job) fromstrategic corporate knowledge used by the compgmmanagers.



1.5 Plan of the Paper

The paper will successly analyse problems and solutions &édkto detection of needs, cons-
truction of the CM, its dfision, use, wluation and maintenance. Then we wiNegyiseeral
examples of dedicated methods and we will summarize the lessons of this study

2 KNOWLEDGE MANAGEMENT
2.1 Detection of Needs of Corporate Memory

As successful information systemveépment in general, successful CM/élepment must be
«underpinned by a clear focus on the situations of use and the needs of users» (Thomas, 1996),
i.e. on the human issues of thevelepment. The history of systems/dbpment «shws repeate-

dly that it is the human issues which «malk break» ng methods and tools atork» (Buckin-

gham Shum, 1997). So detecting the «right» users' needs, or the «right» CM needed, is the first
task of the CM designers.

2.1.1 Problems

Detecting the «right» needs is not a simple task. CM designeeddéearn as much as possible
about who users are, which tasksytlimave to perform, in which situations, which kmedge
types thg need to memorize and retre(for achiging the tasks), which tools theise, etc. So
doing, CM designers ka to face with problems about users, tasks, situations, etc. Examples of
such problems are:

» Users' types:Who are the «right» users to consider’Ho tale account of the multi-
plicity of CM users? Is it wrth consideringeery potential user of the CM? Concerning
the first question, forr@mple, managers of the LJC corporation (a French jaictofy)
claimed that the customers are important to considecause the «hase the entire
knowledge of the product in situation» (Guérin and Mahé, 1997).

» Users' dharacteristics and behavioar Which are the «right» users' characteristics and
behaiours to consider? Ho to «tale account of the users' multiple and probably incom-
mensurate perspeeés» (Kurland and Barberl995)? Can we ignore such «side» users'
behaiours as «trusting» (Jones and Marsh, 1997)? Which meaningfulédge storing
and knavledge retriging actvities do users perform to acheetheir tasks?

» Tasks: Which are the «right» tasks or goals to consides? ékample, Simone (1996)
identified the folleving goals of collectie memory in the conte¢ of dynamic comple
situations: (a) inneating; (b) increasing cooperation; (c) managing twarp (d)
handling eceptions; (e) dealing with critical situations.

 Situations: Which are the «right» situations, or coxtee to consider? ¢t example,
dynamic comple situations (e.g., emgeny management, trA€ control, rescue
services, industrial plant control) will imply CM requirementsfatiént from less
dynamic situations (cf. Weaern 1996).

» Knowledge: Which is the «right» knwledge to consider? Where to get it? What can we
do if the source users (those whorddhe «right» kneledge) hae been transferred, or



have resigned, dismissed, or retired (Guérin and Mahé, 1997)?

» Errors: Which are the important CM errors to consider?wHm handle them? d¥
example, Loftus (1997) reportecery interesting studies aboutl$e memories skong
that «when people who witness areet are later>@posed to n& and misleading infor-
mation about it, their recollections often become distorted».

CM developers hee to faice not only with such «first-order» problems (i.e., problems concerning
users directly), bt also with «second-order» problems (i.e., problems that directly concern desi-
gners). Haov these «second-order» problems aeetl with may ha great implications on the
needs detection task. Examples of such problems are:

» CM project ambition:ls the project realistic? A major obstacle to the project aehment
is that deelopers often want «too much, too soon» (Knapp, 1997).

* CM design pespective:ls the goal to create a brandwn€M (design), or impraing an
existing one (redesign)?

* CM underlying epresentation:Must CM be considered as an object or as a process (cf.
Bannon and Kutti, 1996)?

* Productivity paadox: How to cope with the produdtity paradox, «whereby thevaila-
bility of more and more information has actually resulted in reducing the production of
the users» (Sorensen et al., 1997)?

» Contet paradox: How to cope with the conx¢ paradox, i.e. «the possibility that more
contet will be needed to interpret whaer contetual information has already been
provided» (Buckingham Shum, 1997)?

2.1.2 Solutions

Here are some of the solutions currently adopted to detect CM needs.

2.1.2.1Underlying Approach: «StaleholderCentered Design»

The approach to needs detection cannot be disconnected from the approackemathdeazelo-

pment of the CM, or underlying approach. The main underlying approach is the so-called User
Centered Design (UCD), or Human-Centered Design (HCD), approach. The reason for using a
UC[H]D approach is «to ensure that the memory is defined in terms of users' needswi{2urste
1994). The related UC[H]D methods «eo requirements determination, design and implementa-
tion, and are concerned with the social as well as technical issues system deelopment [...].

The philosopk underpinning this approach is thateetive systems are created by a partnership
between deelopers and the users and/or staiders in the ganisation which is to operate the

new system» (Eason and Olphert, 1996). The testaleholdes» is worth discussing here. This

term refers to «gnindividual within the community where the system may be implemented who
has an interest or «s&k which may be &cted by the system» (Eason and Olphert, 1996); it
refers to «aypone who stands toagn from it [the system], and wone who stands to lose»
(Macaulay 1996). Stakholders include «potential users lare not restricted to them; other sta-
keholders may be purchasers, customers, maintainers, etc. » (Eason and Olphert, 1996). The cur-



rent trend among CM delopers is to consider stthkolders rather than users (strictly speaking).
So CM design/deslopment could be called SeltolderCentered Design/Dvelopment. As
(Eason and Olphert, 1996) claimed: «Systemgeldpment should be a partnership in which
developers contribte an understanding of the technical opportunities and the methods of design,
and the staéholders contribte their &pertise about the domain of application ar$tng oga-
nisational practices andvyea right to judge what is in their best interests as the potewtigrs

of the future that is being constructed.»

2.1.2.2 Approachesto Requirements Analysis

Approaches to needs detection can be appropriately described in terms of requirements analysis,
because (1) getting at the users' needs is the aim of requirements analysis (Thomas, 1996), and (2)
research on CM and KM often refers to requirements analysis (e.g., Kihn anceALOeK).

«The earlier designers of systems understand the needs and problems of their users, and [...] the
better thg understand them then the more ablg thiél be to develop systems which meet users'
needs», according to (Macauld®96), that describes four types of approaches to CSCW require-
ments analysis (cf. a great amount of CSCuvkws done in the cormteof CM (Weern, 1996)):

Traditional approaches. Traditional approaches are approaches such as the structured analysis
approach, or the object-oriented approach (cf. OO Analysis). In such approachesvesangasa

sive role; thg are considered as the sources of information and vievers of models deslo-

ped, and the systems analyst is considered as responsible for eliciting requirements from users.

Participation. In the Rrticipation approach, «users aspected to contrilie», by assisting in
analysing their problems atonk, complete job satiattion questionnaires, etcaffécipation is
used «in situations in which initiators of projects do neehall the information needed to design
the change, and where userséiaonsiderable peer to resist».

Design Team. The formation of a design team is often recommended «to smooth the transition
from requirements to design». In the design team, the roles of the teclpmdseand the custo-
mers are clearly identifiedethnical &perts «contribte their skills to the creation of a system»,
and customers «are concerned with tleeldvthey will have to inhabit after the change caused by
the system».

Group Sessions. In the Group Sessions approach, people «jointly design systemslitated

group sessions». Macaulay's coopgeatequirements capture (Macayla996) is a staholder
centered approach consisting of the fwilog steps: (1) identify the problem; (2) formulate the
team; (3) group session Xpore the user etironment; (4) alidate with users; (5) group session

2: identify the scope of the proposed system; @idate with stagholders. Each group session

has a number of steps; foragnple, session 1 includes: (a) thesiness case, (b)askgroups, (c)

users, (d) tasks, (e) objects, (f) interactions, (g) consolidation. Each step includes an introduction,
brainstorming, prioritisation and generation of agreed descriptions using checklists and proformas
which deal with user related issues.



It is important to notice that requirements analysis is strongly relatedlicagon: if for require-
ments analysis the aim is «to get at users' needs»diradion the aim is «to tune the system to
male sure that it really does meet those needs» (Thomas, 1996).

2.1.2.3Methods; Classics

Literature Review. Analysing the literature on CM is one of the classical methods used to detect
CM needs. Br example, from the Macintosh's (1997psk on knavledge asset management,
Kidhn and Abec&r (1997) elicited the folleing «major impediments to more prodwdy in
knowledge-based wrk process»: (a) Highly-paidatkers spend much of their time looking for
needed information; (b) Essential kmtnow is available only in the heads of afeemplo/ees; (¢)
Valuable information isdried in piles of documents and data; (d) Costly errors are repeated due
to disrgyard of preious eperiences; (e) Delays and suboptimal product quality result from insuf-
ficient flow of information. These impedements can be considered as introducers to requirements.

Interviews/Discussions. Performing intervie's or discussions is another classical method used
for identifying CM needs. & example, Kihn and Abeek (1997) had intervies with prospec-

tive users and discussions with IT personnel and managers to get requiremgrasigget cru-

cial requirements for the success of a CM information system project in an industrial practice: (a)
Collection and systematic ganization of information fromarious sources; (b) Irdeation into
existing work ervironment; (c) Minimization of up-front kndedge engineering; (d) Aot pre-
sentation of relant information; (e) Exploiting user feedback for maintenance asidt®n.

Observations/Experiments. Observing real CM practices or conductingperiments about
them, are a third classical method used to detect CM needsxdmple, observing the Design
Rationale actiity of a real industrial project conducted in a desigiicefof Aerospatiale, the
French aerospace compaKarsenty (1996) shweed that designers Wiag to reuse a past solution
elaborated by others, often askthemseles: «Wly did they do so and not else?» If thbad no
answer to this questionxgerienced designers often considered the altematilution thg spon-
taneously found as better than the past onen(d it the later reealed itself vorse). Less@e-
rienced designers often selected the past solution. These results suggest requirements such as: a
CM for Aerospatiale designers should contain justification guraentation kneledge; this
knowledge must be «past-solution oriented» fepegienced designers, and «present-solution
oriented» for lessxperienced designers.

2.1.2.4Dedicated M ethods and Approaches: Some Trends

Lead User Methodology. The «lead user methodology» (Urban aad Hippel, 1988) prescribes
to perform needs detection with «lead users». Lead users are «users whose present strong needs
will become general in a magtplace months or years in the future».

Advisibility Analysis. The CORPUS project (Grundstein and Barthes, 1996jso& process-
centered and problem-oriented approach called Advisibility Analysis farlkdge capitaliza-
tion. The purpose is to help to determine the nature and field of crucidikiye that needs to be
capitalized, the compgmmembers who he this knaevledge, in which form, the members who
use this knwledge, when and g and the risks in case no capitalization operation is performed.



The main steps of this approach are: (1) Determine senpitbcesses essential for the conypan
functioning; (2) Distinguish determining problems that fragilize criticalvdes (i.e. actrities
contributing to sensitie processes); (3) Determine crucial kexdge necessary to seldetermi-
ning problems.

Enterprise Models. Some research focus on enterprise analysis and modelingl@93) [http:/
/www.aiai.ed.ac.uk/~entprise/enterprise/] and can be useful during a CM construactiexarf-

ple, the golution of the enterprise through time, itgperience acquired from past projects are
elements interesting to taknto account. An enterprise ontologhefining concepts relant for
description of an enterprise, is proposed in (Uschold, King, Moralee, agnhZat996). Such an
ontology can be used as support facheange of information and kntedge in the enterprise
(Fraser 1994). Oganizational structure, processes, sg@® resources, goals, constraints and
environment of the enterprise can thus be modelled. Intra-enterprise modelling areahteteri-

ses modelling can be distinguished. (Beauchéne, Mahé and Rieu, 1996) models an enterprise
organization, using a model stemming from quality management and focusing on «ctsipmer
plier» relationships between the enterprise members. The interegploitieg an enterprise
model is to determine the weak points of the enterprise, that could possibly beedpyoa
knowledge capitalization operation.

The MNEMOS EUREKA project (see http://wwdelabsintef.no/MNEMOS/dihtml) aimed «to
develop a ne generation of information systems to increase the conyigtitf the enterprise
through a better circulation of the corporatewlsalge, a more &€ient management and support

to the human creafity processes». This project proposed an enterprise model based on eight
dimensions: document, programmeidbet, contacts, ganization, material, calendaesults
(Feray and Wefranche, 1997).

Cognitive Models. Theoretical models of evkers' cognitre functioning and of kneledge used
in work situations may be useful for needs detection purposes. (Bollon, 19%&dstine interest
of these models and especially the methodological precautionsthece during field obseav
tions conducted to capitalize knedge (see also Poitou, 1997.)

Anthropotechnology. Anthropotechnology (W8ner 1997) refers to the transfer ofanisational
systems and technologies in countriegimg different cultures. This methodology can be applied
to design within the same country or the sangamsation, in which diérent-culture subgroups
can be identified. From the anthropologywi®int, culture-related requirements need to be iden-
tified for a successful transfer

Knowledge Networking. From the point of vie of expertise sharing between CMwdopers, a
project which anticipates whatowld happen in the future of CM widopment practice is
CERES-GKN [http://wwwcerc.wvu.edu/ceres/CERESGKN _brochure.html]. The goal of this
project is to construct «a global kmiedge netwrk to enable enronmentally sound product and
process deelopment». CERES-GKN «will identify consumer and producer requirements and
needs for an efronment-oriented infrastructure and product and process application». CERES-
GKN «will develop a global netark of knavledge bases (both proprietary and public domain)
containing a ariety of knavledge -- such as best practices, case studiesxped advisory sys-



tems -- useful for designing products and processes that are at emoareantally sound, tech-
nologically feasible, and economically justifiable».

2.1.3 Conclusion

The phase of needs detection may help to determine the type of CM needed (e.g. project memory
profession memoryorganizational memoryindividual memory), the potential users of the CM,
and the possible modes ofpdoitation useful and adapted to theionk ervironment.

2.2 Construction of the Corporate Memory

As emphasized during KA'96 track on «Corporate Memory and Enterprise Modelling», a cor-
porate memory is of course fdifent from a knaledge-based system. The techniques adopted to
build a CM depend on thevailable sources: human specialistasgng papetased or electronic
documents such as reports or technical documentation, E-mx&ting databases, case libraries,
dictionaries, CAD dnaings... Thg also depend on the nature of the needed CM according to the
intended users: it may consist of papased documents makingpdicit the enterprise adequate
members' kneledge, that had wer been yet elicited and modelled (Dieng, Giboin, Aréer
Corby, Després, AlpayLabidi, Lapalut, 1996). It may also be a computational memory materiali-
zed through an intelligent documentary system, aviedge base, a case-based systemeb-W
based system or a multi-agent systene. Mite thateen though papdrased or electronic docu-
ments can themseadg represent a CM thare often considered as a first step in the implementa-
tion of the CM (Simon,1996).

In the net sections, we describe flifent approaches for the construction of a CM.

2.2.1 Non computational Corporate Memory

A non computational memory is made of papdrased documents on kmiedge that had wer

been elicited praously. The construction of such a memory may be guided bydifferent aims:

(a) to elaborate synthesis documents orwkedge that is nobglicit in reports or technical docu-
mentation, and is more related to the Wwrwow of the experts of the enterprise, (b) to impeo
enterprise production throughkpert propositions on their tasks in a design process.

In the first aim, the memory is composed ofwlemige described inxesting documents and inter-
views of eperts, or elaborated from obsatons of eperts’ actvities. The KADE-TECH Com-

pary proposes a method called CYGMA (Bourne, 1997) to produderalit documents that
contain memory about a profession (see WgldSimon, 1996) considers that this kind of
memory preides «a global vie of the knevledge of the firm», and «alks eperts from dife-

rent sites to describe their kmiedge in the same format in order to be able, atieds; to com-

pare them more easily». But in (Simon, 1996), this elaboration of synthesis documents is a first
step in the construction of the computational CM that it helps to implement: it enables homoge-
neization of knw-how in different sites of an enterprise distribd geographically

In the second aim, the firm RBNLT proposes MEREX approach (Corbel, 1997). This
approach, guided by the Quality approach, is based onveositd ngative experience return on
previous projects. The memory is constituted by forms, whereperecan describe a solution or

a decision in a task of design process. Those formsadated by a system of check-list and sto-

red in a form management system. yiagee used in the product specification phase, before the



artefact design.
Remark: Notice that often such papkased documents are put later in an electronic foumyé
malke a diference between simple electronic documents and an actual documentary system.

2.2.2 Document-based Corporate Memory

A document-based CM relies on the principle thatxalitang documents of the firm can consti-

tute the CM. But those documents are not well-edeor thg constitute a personal bibliograph

for each gpert of the firm. So the construction of such a CMihe by ind&ing all reports, syn-

thesis documents or references used by tHerdift experts. It requires an intexfe to manage
documents (addition of documents, retaleof documents...). (Poitou, 1995) considers that: «a
good documentation system iery likely the least xpensve and the most feasible solution to
knowledge management» and prefers a computer assistant to documentation (i.e. to writing or
reading) rather than kadedge representation: according to him, a document is already a repre-
sentation of knewledge. So the main need is assistance in preparing, storingyingtraad pro-
cessing documents. The notion of corporatenkedge collectte management system (Poitou,
1997) answers well to this need: e.g. SG2C proposed by Poitou and DIADEME proposed by
Electricité de France (Ballay and Poitou, 1996; Ball®g7).

2.2.3 Knowledge-based Corporate Memory

Knowledge engineering is naturally useful farilding a CM based on elicitation andpdcit
modelling of knavledge from gperts or gen for a formal representation of kmedge under-
lying a document. Thereforesal researchers thatuebeen wrking on &pert systems for
years golved tavards CM hiilding where thg could eploit their past gperiences. Hoever, the
goal of a CM hiilding is less ambitious than arpert system: instead of aiming at an automatic
solution for a task (with automatic reasoning capabilities), a CM rather needs to be an assistant to
the usersupplying him/her with rel@nt corporate informationub leaving him/her the responsi-
bility of a contextual interpretation andvaluation of this information (Kkhn and Abecgr, 1997).
(Kuhn and Abecér, 1997) notices that «in contrast tert systems, the goal of a CM is not the
support of a particular taskubthe better xploitation of the essential corporate resource:
knowledge» lot, havever, cites some kneledge-based CM implemented through apest sys-
tem (e.g. KKNUS 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 yhalow to analyse and represent an\astion the knavledge
level. (Steels,1993) notices that thgaization of a production is more and more horizontal, i.e.
the production is @anized through acfities cathering &perts stemming from ddérent depart-
ments. So the CM of such an enterprise can be based watyatsiscription through three pers-
pectves: task, method and information and can thus be realized using KREZ81 same aw,
even though CommonKADS as not primarily dedicated to CMuiltding, some models fdred

by CommonKADS (aganization, task, agent, communication arpegtise models) ge an inte-
resting basis for knledge-based CM (Kingston, 1994antlerSpek, 1994; Corby and Dieng,
1997).
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2.2.4 Case-based Corporate Memories

The eploitation of another Al technique, case-based reasoning, can alswybeseful (Simon

and Grandbastien, 1995; Simon, 1996). Indeed each firm has a collection appasinees (suc-
cesses ordilures) that can be representagleitly in a same representation formalism alilog

to compare them. The use of a case base for representing the CM is dedicated fomtimg follo
aims: (1) &oid the scattering of thexpertise by concentrating kwtedge of all &perts in dedi-
cated cases, (2) alloa continuouswlution of the CM thanks to the progressaddition of ne
cases.

Case-based reasoning aloto reason fromxperiences and cases already encountered, in order
to sohe nev problems: e.g. for maintenance of a compmguipment, the colles® memory of
past incidents can be useful for taking a decision in case off dneakdavn. The retrigal of a
similar past case can be used to suggest a solution to @rolelem to be sokd (this solution can

be reused or adapted if needs be). Immg representation of the casesgamization and
indexing of the case base is important for enhancifigieficy of case retrieal.

In (Simon, 1996 ; Simon, 1997), the author describesxample in metallugy, where the aim
was to capitalize krwdledge and knw-how about descriptions of production of produced steels
and metallugical defects encountered during these productions. The purpose of tha<i w
exploit past successes argll@ires in order to minimize error risks in design ofvrsteels. The
method consisted of: (1) creating synthesis documents common to all sites and respecting an
homogeneous format, (2) proposing models to implement a CM based on such synthesis docu-
ments, (3) praiding capitalization processes aillmg to use the CM for defects detection
purpose.

2.25 Construction of a Distributed Corporate Memory

A distributed CM is interesting for supporting collaboration andMedge sharing betweenvae

ral groups of people in anganization or in seeral collaborating @anizations, such groups
being possibly dispersed geographicaflydistributed memory is essential for virtual enterprises
made of distribted oganizations and teams of people that meet amt vogether online. Gene-
rally, for such virtual enterprises, this distribd memory naturally relies on thepéoitation of
the Internet and of the &3 (O'Leary 1997). Ibr example, the GNOSIS project on intelligent
manufcturing (Gaines, Norrie, Lapgland Shw, 1996) iwolves seeral enterprises distuited
through seeral continents. Coordination of this project and management of distilib
knowledge among the participants is performed through tel Whe tools deelopped in the
project are used fordeping a memory of the project.

A distributed CM can be made of distutied, heterogeneous kmedge bases or of distrited,
heterogeneous case bases, or of a multi-agent systenexample, in the MEMOLAB project,
the CM of a research laboratory is implemented through a multi-agent system (with agents such
as a bibliographic agent, a notebook agent, a «tips and tricks» agent and a proxy agetgh-(V
beghe and de Azedo, 1995). The implementation of a digitdxd memory can also rely on
both distrituted case libraries and artificial agents responsible for informationva¢tamong
such libraries (Nagendra Prasad and Plaza, 1996).

The construction of a distiibed CM may often wolve seeral experts. A protocol for collecte
knowledge elicitation is proposed in (Dieng, Giboin, Ageer Corby Després, AlpayLabidi,
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Lapalut, 1996). Problems of consistgruf the obtained CM elements, of cohabitation eksal
viewpoints must be sobd: a protocol for cooperaé creation of a consensual CM is thusge-of
red in (Euzenat, 1996). In the particular case of a disgthCM relying on the reuse of ontolo-
gies, research on the collabovatcreation of ontologies via ontology sers such as Ontolingua
(Farquhar Fikes and Rice, 1996), APECKSegfinison and Shadboldt, 1998) orebMDnto
(Domingue, 1998) can beajgoited.

2.2.6 Combination of Several Techniques

In some cases, both informal kmedge (such as documents) and formalvikdedge (such as
knowledge eplicitly represented in a kmdedge base) are needed. Therefore research on the
management of links between document andwvedge base can bemoited (Martin and
Alpay, 1996; Euzenat, 1996). By the samaywesearch on the semi-automatidraction of
knowledge (for @ample, terminological kiwaledge, etc.) from documents thanks to natural lan-
guage analysis can be usefutigano, 1994). (Kihn and Abeek 1997) proposes an interesting
CM architecture where the CM can be composed déreifit sorts of memories: documents,
knowledge bases, etc.

2.3 Diffusion and Use of the Corporate Memory
2.3.1 Possible Modes of Diffusion

Adequate elements of the CM must be disteld to the adequate members of the enterprise: this
distribution may be pas& or actve, as either the user can search by himself needed information
where it is gailable, or knavledge distrilntion can be systematically decided ancetaln chage

by an adequate person or service of the enterprise. When the gowgraars are too sy to

look for relevant corporate information, a passdistribution is insuficient: (Kuhn and Abedr,

1997) recommends an aaidistribution (e.g. a rgular recall of thexastence of releant informa-

tion). (Van Heijst, \&n der Spek, and Kruiziag1996) distinguishesseral cases according to the
kind of collection and of difision of the CM :

» Knowledg attic: both collection and difision are passe. It corresponds to the case of a
CM used as an arale which can be consulted when needed.

» Knowledg spong: the collection is acte hut the difusion is passee.

» Knowledg publisher:the collection is pasee lut the distrilution is actve, as the CM
elements are forarded to people for whom thevill be relevant.

* Knowledg pump:both collection and difision are actie. For example, in ICARE
project (Bologna and Gameiroal®, 1997), in each department of the conypam
«knowvledge vatcher» is responsible for planning the wiexige element collection from
his/her department and for inciting the members of this department to consult the CM.

2.3.2 Diffusion via Intranet / Internet

Individuals and aganizations can takadwantage of the remarkable possibilities of access to data,
to information and to kneledge preided by Internet. Knwledge difusion can for ample
exploit the possible access to Internet or to an Intranet inside the enterprmsekisometimes
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some reticences argmessed by the managers of some enterprisds Wwternet and the @b,

due to potential problems such as confidentiaigurity reliability of accessed information, risk

of information &cess that may disturb the emy#es in their wrk. But security problems are
studied actiely by researchers, as yhare a significant condition for success of Internet-based
applications such as electronic commerce.

Diffusion can rely on a kmdedge serer on the VEb or on publication on the & (Euzenat,

1996; Corby and Dieng, 1997). B&fent kinds of elements can be accessed through Internet/
Intranet: documents (classic electronic documents, HTML documents...), databases, ontologies,
knowledge bases, case bases, articles of electronic journals, etc. Thergtyed kimds of
knowledge serers can be thought out: document sesy ontology seers, knavledge base ser-

vers, database sems, journal seers or digital libraries. The main problems to be sdlare
retrieval of elements of the CM in answer to a request and adaptation of the answer to.the user
Research on user profiling can thus be useful in this purpose (Sorensen, O'Riordan and O'Riordan,
1997).

Let us notice that a CM may not be restricted to the enterptsepbld include information and
knowledge stemming from thexeernal world but important for the enterpriseork (cf. the so-cal-

led «economic intelligence»). Therefore, the reaieand intgration of such informationxeli-

citly put on the VEb by other companiesorking in the same area may be interesting.

2.3.2.1Example of Diffusion via I nternet/Intranet

Let us detail anxample of eploitation of Internet/Intranet. In our team, wevbalerelopped a
component, called ¥bCokace, that enables to distitidd expertise on the Internet (Corby and
Dieng, 1997). Thexpertise is modelled in the CommonKADS framwek (Breuler and \an de
Velde, 1994) with the CML formalism (Schreip&¥ielinga, Akkermans, &n de ‘élde, and
Anjewierden, 1994). \WbCokace relies on thg/pothesis that CommonKADS may be useful for
building knovledge-based corporate memories.

WebCokace tads adantage of the \ab technology to inteate an epertise model deelopment
ervironment with an HTTP seev. The epertise model erronment functions in a seev mode
and is connected to an HTTP sarythat acts here as a client of thewlsalge serer) by means

of a CGl interfice. Modelled knwledge is thenailable on the Net.

In order to &cilitate user interaction with the system, weehdevelopped a search engine, a
guery language and an interpreter for this language. Users can emit queries tovtaddanser-
ver and get CommonKADS objects in response to the queries. CommonKADS objects are pretty-
printed with HTML typertet links to related objects in such ayvthat lypertext navigation is
possible in gpertise models.df example, a concept references its super types, a task its subtasks.
The system generates interaetgraphic vievs on the gpertise. It is possible to visualize concept
and task hierarchies, domain models, etc. Clicking on a node of a hjeleads to the corres-
ponding object definition. So the end-user may rely on the graphics instead of @ML te

The system also manages references betwepartsse models and electronic documents by
means of HTML kpertet links and URL. A CommonKADS model can be annotated with refe-
rences to source documents (e.g. technical documentation, articles, etc.),\emsetpa docu-
ment can be annotated with referencemedise models. The links are aetied once loaded in

a Web bravser and it is then possible tovigate between models and documents iy@ehext
way.
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Using WebCokace, we va developped a generic library for conflict solving in concurrent engi-
neering, an oncology sexw and we hae implemented parts of the CommonKADS modeling
generic library

WebCokace is implemented on the Centaur programminigoement generatpideseloped in

the Croap project at the INRIA. Thanks to the underlying generic technology (i.e. Centloy), W
Cokace can be used aprmgram serverfor ary programming language that is implemented in
Centaur Within Centauy programs are internally manipulated as abstract syntax trees (AST).
AST support abstract computations on programs that enable to answer to queries. A program ser-
ver can be useful in companies/imgy libraries of programs to be included in their CM.

2.3.3 Information Retrieval

The CM is supposed to be used by adequate members of the enterprise: in all cases (documentary
system, knwledge base, case-based systerab\tvased system, etc), we must notice the impor-
tance of information search, if possible adapted to the users' needs, thitiesetnd their wrk
ervironment. The problems to be tackled are: wHan the usengress his/her requests?wito
improve hypertext navigation by the user? Hoto retrieve elements of the CM in answer to a
request? Is full-te search sticient? Hav to index the documents to retsie? What additional
information (such as enterprise models,\Wlgalge models, user models) could help to filter the
information to be retrieed? Are inference capabilities needed in this purpose? Research on onto-
logy seners such as Ontolinguagfuhay Fikes and Rice, 1996), APECKSgfihison and Shad-
boldt, 1998) or WbOnto (Domingue, 1998) could also bgleited, since a part of the CM can

rely on an ontologyA CM infrastructure relying on techniques of information search on the Inter-
net is proposed in (Huynh, Popkin and Steck994).

2.4 Evaluation and Evolution of the Corporate Memory
2.4.1 Evaluation of the Corporate Memory

As noticed in (Ermine, 1996), operational projects of CM are necessarily consumingpane e
sive. Therefore anvaluation of such projects is important, fronvesal vievpoints: economico-
financial, socio-gganizational and technical.

From aneconomico-financial viepoint one aim of the CM is to impve the enterprise competi-
tiveness. As noticed in (Durstigz, 1994), it can be measured byamgbetween the success of
the enterprise products or services, and its production (and maintenance) costs. There must be an
evaluation of the gin obtained thanks to the introduction of a CM, generally aimed at enhancing
productvity. Return on imestment is important for justifying the interest afling a CM, from

the viavpoint of the managers. But methods or tools are needed to assess the actuamenpro
due to the introduction of the CM: it may be an inyamment in safety - cf.vaidance of past
errors -, in quality and in performance.

From asocio-oganizational vigzpoint the CM can aim at impwing emplyees' vork omganiza-

tion (thanks to information circulation imprement, etc.) and emplees' satigfction in their
work. But the criteria for such anauation are often qualita® and hardly quantitat: the/ can

rely on classical criteria used foraduating usecentered tools such as easiness of use, easiness
of information retrigal, adequation of retrved information, confidence in such information, usa-
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bility for the user's actity, etc. As noticed in (#hn and Abeosr, 1997), users’ feedback should
be ploited for detecting possible deficiencies of the CM and suggestiememnts of the CM.
From atechnical viewpoint, the transfer of kne-how inside the enterprise seems to beadent
benefit. But an éctive transfer depends on arieetive use of the CM and on its adaptation to
such a knwledge transfer

There may be some bias in the use of the CM. The introduction of a CM can imply changes in
individual and collectie work in the enterprise. Some rganizations prescribed by the managers
may not be accepted by the enyaes. IBr example, an dicial procedure for storing lessons or
experiences linkd to a gren project may be prescribed by the conypaanagers it not respec-
ted for reasons such as lack of time, lack of vaditon, etc. Morewer, a CM may be used othe-
rwise than planned. ¥/ found ery fev publications analyzing reactions of CM users: for
example, in (Ballay and Poitou, 1996), a syref satishction of DIADEME users is presented. It
relied on a questionnaire on their use of automatic bibliograph lypertet links, their &pe-
rience and satiattion of the databases, thexperience and sataftion with the full-t&t docu-
ment retrigal TOPIC included in DIADEME, their satiagttion with the wrkstation. The lesson
of this surey was that een though DIADEME \as aimed at being a colleaiknavledge mana-
gement system, its users rathgpleited the system as a set offeiient specific tools. In (khn
and Abeckr, 1997), three case studies are analyze@NHKS for crankshaft design, RATfor
Quality Assurance for &hicle Components and PS-Advisor for bid preparation for oil production
system. The authors noticed that all three systamedfto go bgond prototype stadium and be
integrated in the compardaily operational wrk. The reasons of suchilires were: «costs of
customeitailored solutions with unpredictable return oféstment, instiicient experiences with
CM applications, poor intgation into the caorentional Information &chnology landscape». As a
lesson learnt from these case studiesy thigggested crucial requirements for a CM (segabo
they proposed a general CM architecture and a kind of methodological guidedétomiaent of a
CM, insisting on requirement analysis, humactdrs, cost-benefit analysis, kvledge &olution
and technical realization.

In conclusion, we must distinguiskiaduation by users (with criteria based on users' aatish)
and stratgic evaluation by managers (with criteria based on return wasiment). At present,
there are too fe effective operational CM, and companies need to stand backdhraging them
precisely

2.4.2 Maintenance and Evolution of the Corporate Memory

For maintenance andr@ution of the CM, it is necessary to &lkito account the results of the
evaluation of what alreadyxests. Problems linkd to addition of n& knowledge, remwal or
modification of obsolete kndedge, coherence problems underlying a cooperaitension of
the CM, must be tackled. Some of such problems were alreadgetiiring the construction of
the CM. Likewise, both aganizational problems and technical problems underly the possile e
lution of the CM. In the construction as in thelkeition of the CM, some problems may stem
from conflicts between persons, reticences, lack ofvatiin, lack of time.

The techniques used to maintain and enalolve the CM also depend on the kind of CM: accor-
ding to the case, addition, rewad or modification will concern elements of a lwtedge base or
cases in a case base or (elements of) documents in a document base or agents in a multi-agent sys-
tem. The CM weolution also depends on whether the collection (resfusiliin) of CM elements
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is passre or actve (Van Heijst, \an der Spek, and Kruiziag 1996). Ewvlution of the CM
depends on both the CMiilders/maintainers and the CM users.

According to (Kuhn and Abeodr, 1997), knavledge @olution should be «a continuous adiy
performed by a CM administrator in close cooperation with the users who canmpakvement

/ update suggestions tightly igrated into their wrk process». This solution corresponds to an
active collection and di@ision, as for instance in the ICARE project (Bologna and Gamais) P
1997). In some cases, a/gn service or a gen person of the enterprise is responsible for the
maintenancekmlution of the CM. In other cases,yaemplo/ee may ma& e/olve the CM, while
respecting some constraints.

3 EXAMPLES OF DEDICATED METHODS

This section will gie fav examples of methods dedicated to tdding of a CM. The purpose of
this description is to skwothe principles guiding some CM-dedicated methods (in comparison to
knowledge engineering methods such as KREST or CommonKADS).

3.1 Method CYGMA (KADE-Tech)

CYGMA (CYcle de vie et Gestion des Métiers et des Applications) is a methadngjlthe
construction of a profession memory in a maetiring industry (Bourne, 1997). It defines six
cateyories of industrial kneledge for design adfity:

« singular knowledg: positve and ngative, relevant or out of boundx@eriences;
 terminolgyical knowledg: alphabetical list of terms used in the profession domain;

* structural knowledg: it contains the ontological kmdedge, and aadctual knevledge
base comprising the initial data of the design problem to beeddwnd the initial goals
describing the design problem solution to be found;

» behavioual knowledg: dynamic elements of profession kmedge;

* strategic knowledg: knowledge allaving an optimized use of structural and babaral
knowledge;

» operating knowledg: knowledge describing the problem solving process as a chaining of
operating actiities based on structural, befaural and stratgic knovledge.

The results of the method application consists of foderint documentsprofession glossary
gathering singular and terminological kmedge, semantic catalgue describing structural
knowledge,rule notebookcomprising behadoural knavledge,opetating manualmade of strate-
gic and operating kwdedge. These documents can then@aited by the enterprise as ayv
of communication with subcontractors. The method has already been appliddrentrofes-
sions in diferent firms: blacksmith profession for RollsyRe, turner profession for Eurocopter
automatician profession for Fiat and steel maoufrer profession for Aérospatiale.

32 Method REX (CEA)

REX method (Malache and Prieurl993) relies on the folaing steps: (1) analyse needs and
identify sources of xperience, (2) constru@lementary pieces okpgeriencefrom documents,
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databases or interwies, (3) lild up a computer representation of thewlealge domain, (4) ins-

tall a softwvare package on the useriorkstation: this package includes a multimedia iatsef

and aretrieval enginethat produces information files on the basis of questions in natural lan-
guage.

3.3 Method MKSM (CEA)

MKSM (Method for Knavledge System Management) (Ermine, 1996; Ermine, Chaillot, Bigeon,
Charreton, Malaieille, 1996) aims at reducing compiy of knowledge system management,
using diferent models at dérent grain leels. It is a systemic-based decision support method. It
relies on the ypothesis that the kmdedge assets of angamization can be considered asom-

plex systemModelling such a compkesystem relies on geral viavpoints: syntax, semantic and
pragmatic, each wepoint being itself modelled through threewoints: structure, function and
evolution. The three components of a Wiedge sytem arenformation (requiring data proces-
sing), signification (requiring task modelling) andontext (requiring actrity modelling). The
method ofers five modelling phases: kndedge system modelling, domain modelling, \atti
modelling, concept modelling, task modelling.

3.4 Comparison of the Methods

CYGMA is dedicated to profession memgpny the frameork of a design task, while REX and
MKSM do not focus on a kind of CM and do not restrict to a kind of task. REX relies ouitthe b
ding of pieces ofx@erience, stemming froma&ral kinds of sources (human, documents, databa-
ses); such pieces can be retei@ in answer to natural language request. MKSMegakspiration

of comple system theory for ¢éring a theoretical analysis of arganization knwledge, consi-
dered as a complesystem. MKSM proposed modelling phases are close to CommonKADS
notions. All three methods were applied teesal industrial applications. Criteria for comparing
them more precisely could be : the compilelevel of the method application, the kind of CM it
enables to wild, the kind of task it restricts to, the number and featuresr@ttee applications

built with them, and ealuation of such applications by their end-users.

4 CONCLUSIONS

We presented a preliminary seyvthat needs to be completed and deepened in ordefetoaof
methodological guide for the choice between the multiple methods and tools propeseahn W
however propose some conclusions from this eyrv

In all the described research, an important aspect iathanterprise can be analyzed atesal
levels, accading to seeral viewpoints Most methods focused on somewp®ints and relied on
an implicit or eplicit model of the enterprise, or at least of thewdealge of the enterprise. The
analysis of the enterprise needs for a CM can help determine the kind of needed CM. According
to the case, it may imply taubdd an indvidual memory (cf. anxert retires or is muted, so it is
interesting to mak explicit, model and store thisxpert's knav-how in a knavledge base or to
store his gperiences in a case base), a project memory (cf. elementswanapgoject could be
necessary for later projects), a managerial memory needed by the gamgaaygers for stragec
decisions, etc.
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As a conclusion, the choice between thded&nt construction techniques is based orerss
guestions that an enterprise should answer betoldirng a CM:

» What is the knowledgalready &isting in the firm?

* What kind of knowledgmust contribite to the construction of the CM?:
- knowledge already described in documents as reports or synthesis document on a project?
- professional knwledge not already described in documents?

* What is the intended use of the CM after its construction: is it...
- away of communication between geographic distant sites?
- away of communication between an enterprise and subcontractors?
- away to enhance learning of the enterprise members?

* Is it necessary to model knowled@f some enterprise membeor is an intellignt
documentary system $iafent?

The ability to store and reuse both Whedge, elements ofxperience and documents is impor-
tant, as well as the ability tofef usertailored information retrieal.
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