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Abstract

The level of efficiency achieved in the diffusidrkrmowledge within an organisation
is acknowledged to be a competitive advantage. Asesalt, various means have
emerged to help share this knowledge. Among theusexisting solutions, the use
of parameterised files consistently encapsulating @ a refined level of granularity
(e.g. figures, words, etc.) is a well-known pragtielowever, these files — which we
will call Parameterised Knowledge Objects (PKO)ften exhibit redundancy. This
has led to a need for mapping, a fastidious worthwio added value, which slows
down the product redesign process. The goal ofdttisle is to propose a conceptual
model for the implementation of an automated toohtanage exchanges between
these PKOs. The implementable nature of the moded walidated by the
development of a demonstrator, tested on an agmitgrovided by our industrial
partner — the Renault Powertrain Technology Desigp&tment.

Keywords Parameterised knowledge objects, Redesign proBets, structuring,
Data exchange.

1. Introduction

In the automotive industry, the success of a degrgrect is mainly based upon
the diffusion of knowledge - not only between thakeholders contributing to the
current design project, but also between stakem®ld®ntributing to different
projects. As a consequend@)owledge management systems are born to provide
required knowledge at the right time, to the right agent, in the required form
(Bernard and Tichkiewitch, 2008).

In this context, many approaches exist to manageoatichise the diffusion of
knowledge and information during a product develeptrprocesspersonalisation-
oriented approaches on one hand, awdification-oriented approaches on the other
(MacMahonet al, 2004). Personalisation-oriented approaches foouthe setup of
communities of practices (Amin and Roberts, 2008akeholders in the design
process are able to share their knowledge by settmgrganisational structures
(sector meetings, project platforms, websites foarielg data, etc). Codification-
oriented approaches focus on the formal expressigmowledge via models that are



sufficiently complete and consistent for subsequesd. There are many types of
solutions. They range from solutions aiming soladytake over the knowledge
expressed by an individuak.§. a book, an article) to those intended to give
significant assistance to the individual in hiskia@r even replace him in carrying it
out - e.g. knowledge-base engineering applications usingfigidl Intelligence
technology (Moka, 2000). The increase in data vesmin engineering
(Triantaphyllouet al, 2002) suggest that the solutions preferred toalay those
backed by digital technology.

In this article, we examine a digital solution whics halfway between those
described above, and is simple to implement. iesadn the use of parameterised files
which are frequently used in redesign processessigd processes encompassing
routine and innovative design, as described by GE980). Such solutions are not
new; but to our knowledge, there is no dedicateshendor them in a knowledge-
centric view. Here; we will call thenParameterised Knowledge Objects (PKOSs).
This terminology is discussed in section 2.1.

Based on the state of the art presented in se2tiome point out the following
facts for this study:

» Fact 1 (discussed in section 2.PKOs are widely used and encapsulate part of
the company knowledge. This knowledge is not stagicdynamic in nature. It is
completed during the product development proces#.it

» Fact 2 (discussed in section 2.XMTs (Knowledge Management Tools) and
PDM (Product Data Management) only manage filesidigg metadata. The user
is therefore totally responsible for their contgmtoject stakeholders must open
the file in order to access a required piece ofikadge. The level of granularity
of these tools is not refined enough for a good afsthese PKOs in a design
project.

» Fact 3 (discussed in section 2.Bnowledge expressed in PKO is redundant and
few approaches exist to make them interact.

Based on these three facts, our motivation for fhaper is to develop an
information system enabling theautomated exchange of parameters between
PKOs. This system will save users from the fastidioes;or-prone and time-
consuming work of transferring information and kiedge between these objects.
We propose a conceptual modiet. a model making it possible for its authors to
bridge the gap between their mental representatbtise solution their proposed and
the solution itself (Ben-Ari and Tzippora, 2006).hi§ conceptual model is
characterised by the integration of a semanticsated static representation of all the
parameters encapsulated in the PKOs, and of a dgnespresentation of the
exchange of these parameters in a heterogeneowectpenjvironment — since there
exist numerous applications to process these files. model aims to help with the
implementation of KOES: an Inter-Knowledge Objects Exchange System.

Section 2 details the state-of-the-art summarizea/@ Section 3 is dedicated to
presenting the conceptual model. The implementadiere of this model is validated
in Section 4 through the presentation of a dematwstrtested on an application
provided by our industrial partner, the Renault Bdwmin Technology Design
Department.



2. Knowledge objects and support tools
2.1. Knowledge and knowledge objects

The work of various researchers has dealt withcttaracterisation of knowledge
in a conceptual approach (Tsuchiya, 1993; Ermehal, 1996; Baizet, 2004). A
consensus seems to have been reached, on théndadinowledge is reflected by
adding a semantics level and a contextualisativel [® tangible or intangible data.
The formal expression of knowledge therefore residea representation of the whole
— data, semantics and contextualisation — that faithful as possible. To convey this
representation, a support medium is required. Kadgeé objects are one such
medium. The notion of knowledge objects has alrebdgn developed in the
literature. Baizet (2004), based on work by Prudimaet al (2001) describes them
as artefacts that enable an individual to constnigcown knowledge. In this work, a
knowledge object is defined in a relatively genenanner. It can refer to a book, a
calculation report, an equation, a simulation metledcl More recently, following the
same approach, Cacciatori (2008) has developeddtien of “memory objects”. The
author makes a distinction between two types of orgnobjects. On one hand,
objects of astatic nature containing “recommendations”, as well datirely fixed
representations of knowledge that remain uncharfiged project to project. Above
all, their goal is to enable the individual to coost his knowledge without the
systematic assistance of the people who hold th@vledge. On the other hand,
objects of areconfigurable nature are “constructed through the recombinatbn
relatively immutable components”. They do not replalialogue between project
stakeholders but are intended to provide them itivell-defined context. They
“enable firms to build on experience, while maintag the flexibility necessary to
adapt to the specificities of each project.” Thethau thus demonstrates how
knowledge of a strategic natured.how to make a bid in a private finance initiative
project) can be formally expressed and used by smekan Excel file.

In this article, we focus on these reconfigurablenmry objects. However,
Cacciatori (2008) specifies that the terms usede(frory”, “remembering”) have
connotations. They are intended to represent ttietifiat the author is focussing on
the processes of knowledge storage and extraction,on those of creation and
modification. On the other hand, we are interesiedthis dynamic aspect of
knowledge. We will therefore use the term “knowledggect” which tends to
represent the same concept from a different petispedn light of the generic nature
of this concept, we will make it more specific bging the term “parameterised”.
Parameterised Knowledge Objects (PKOs) are theradefined as digital files that
enable a predetermined set of data (or parametel® specified, in order to produce
a result. The predetermined set of data and theateg result, together with the
relationship between this data and this result titois a representation of a certain
part of the company’s knowledge. These PKOs ard tsespecify the data and to
obtain the result, in a given project, in the cahtef a product redesign process (as
defined in Section 1).

2.2. Knowledge Management Tools and Product Datadgament Tools

PKOs encapsulate part of the company’s knowledgedistributed manner. Their
flexible nature generates possibilities for thesedmination of this knowledge, both



inside and outside the company. Tools are therefegeired in order to maintain
control over this asset in the context of prodwegigh, namely KMTs and PDM.

KMTs are dedicated to managing a company’s knovdeaksets. In view of the
rapid development of this discipline since the N (Grundstein, 2002), a
particularly wide variety of technologies has baelopted. Nonetheless, authors who
have carried out analyses of these tools all attyaethey notably consist of databases
in which the documents evidencing company knowledge be stored and shared
(Ngai and Chan, 2005; Joo and Lee, 2009; Vaceasd, 2010). Joo and Lee (2009)
endeavour to describe the causes of dissatisfacfidhe users of such tools. One
element of dissatisfaction is the lack of integmatin terms of accessibility to the
documents’ internal data, which constitutes an askedged limit to these tools.
They propose the use of Semantic Web technologyr¢amvent this limit, but they
accept that present tools do not enable the automstraction of unstructured data
from sources such as spreadsheet files.

PDM, originally dedicated solely to the managem&n€AD files, is now being
used to manage all product data and related infitmmgHsu and Hwang, 2004;
ClMdata, 2011). Nowadays, these tools appear te hlag “ability to capture and
manage enterprise intellectual assets throughoutptbduct definition lifecycle”
(CIMdata, 2011). It is therefore positions itsel6 @ possible competitor for
knowledge management tools. However, an analysisluobed by Pikosz and
Malmaquvist (1996) refers to the same limitationstlagse of knowledge management
tools in terms of integration. These tools “canyosge metadata, which is data about
data €.g.document ID, version, creator, status, etc.), wdethe document is treated
as a black box”. Our bibliographic study has notesded any sources more recent
than the work of Pikosz and Malmgvist (1996) mentgnthese shortcomings of
PDM. However, although their analysis is not veegant, our use of tools such as
Windchill (PTC), Enovia (Dassault Systéemes) and rm€anter (Siemens) has
confirmed these limitations.

KMTs and PDM, although they are necessary to theag@ment of PKOs, do not
propose mechanisms that address optimisation afdbef the content of these files.

2.3. Working towards an inter-knowledge objectdharge system

The knowledge encapsulated in tangible objects aghPKOs is necessarily
incomplete, heterogeneous and redundant (Grundsetinal., 2003). The
incompleteness is due to their synthetic objectind their limited storage capacity.
As a PKO often act as boundary objects betweenowsriprofessional sectors
(Cacciatori, 2008), this leads to heterogeneityd Arecause of these two facts,
redundancy appears when a same professional seaeolved with different PKOs.
In this context, the more PKOs there are in thegtlegroject environment, the more
it will be time-consuming and tedious to manualkansfer information and
knowledge between them. Nevertheless, there isewtlyr no global approach to
enable automatic sharing of knowledge expresséuese files. The scientific field of
Knowledge-Based Engineering (KBE), which “concertomputerisation of processes
associated with industrial products — usually moaitidesign” (Moka, 2000), is
appropriate to situate this approach. Howevehaugd differ from approaches which
aim to design actual KBE applications. Indeed, ¢hespplication, developed
according to the MOKA methodology (Skarka, 2007he tCommon KADS



methodology (Sutton and Patkar, 2009), or madehoc methodologies (Chapman
and Pinfold, 2001; Yoshioka et al., 2004), aim ¢dve very specific problems and
broadly lead to developing rich ontological modelyeating and maintain these
models required the appropriation of a significkevel of expertise, which does not
match with the initial context of a need for sinfightion, which surrounds PKOs.

Moreover, literature mentions few tools whose g@alto share knowledge
between PKOs. This type of approach appears takieg shape in the work of Badin
et al. (2010) in the context of the ADN (Alliance des Dérs Numériques) project.
The authors propose a product model to interrdiig® relating to CAD models and
parameterised simulation models. This model shamdble users to capitalise on
parameters, mathematical relations, rules, limihdittons and discrete values
according to several configurations of parametdris@dels. The implementation of
this model is referred to but not in great dethil.addition, although the model is
particularly complex, no consideration has beeremito the stage at which the
knowledge is formally expressed within the tooligtlstage is viewed as being
completed).

3. Proposed conceptual model

Our work positions itself on the grounds describedection 2.3 but in a broader
perspective in terms of the PKO formats consid€Eedtel files in particular), and a
more restricted perspective in terms of the complexf the underlying model - it
must be possible for information to be fed into thedel using quickly accessible
expertise. These requirements relate to the industntext for the implementation
of our work, in close collaboration with a major magacturer.

In this article, we propose a CIM (Computationatidpendent Model)-type of
conceptual model following an MDA (Model Driven Avtecture) approach (OMGa,
2003). The purpose of this model is to describesagh solution from a design point
of view. Specifically, it aims to be translatedanéd PIM (Platform Independent
Model) and then into a PSM (Platform Specific Mgdeh order to allow the
implementation of IKOES. Throughout the descriptmithe proposed conceptual
model we will use the product example of a screvesdembly, to make this
description more concrete. This example is basedhenparameters described in
Figure 1 and is reused in section 4 (validatioriisey

\_t p : Depth of the
piercing base cone

d : Piercing N
base diameter

o : Piercing base angle

Figure 1. Description of three parameters of a screwed dsigem
3.1. Conceptual model architecture

To make the automated exchange of parameters bhetRE©s possible, our
conceptual model is based on four pillaasKigure 2) which enable:



» the representation of the datatga pillar),

» the structuring of the datddta structure pillar),

» the representation of the activities using thisdadtivities pillar),
* the sequentialisation of these activitipsotess pillar).

The data and data structure pillars develop acstfaitus to represent the
parameters as well as the relations between pagesrfedbm a semantic point of view.
The activity and process pillars develop a dynafogus to represent exchanges of
parameters between one PKO and another. This dgnfatuis is essential, since it
underlies the added value of the IKOES informatgystem, which we wish to
implement. It represents the actual work of crosgeimng and copying parameters,
carried out by PKO users. Relatively to this fodbs, static focus is necessary.

Data g Activities
»

\ 4
| Data structure

Figure 2. Conceptual model architecture

We will describe each of the pillars of this arebiure in the following sections.
In terms of completeness, the model has been dedluaegarding whether it
contained the basic bricks to enable exchanges. &aluation is materialised by the
development of a demonstrator tested on an in@lisgpplication presented in Section
4.

3.2. Data structure

The UML data structure model (OMGb, 2009) is showifrigure 3. Its aim is to
enable the specification of parameters by a usesuoch a way as to describe its
semantics. It reflects a compromise between threantological models which can be
found in a KBE application, and classic descriptivethods such as classifications.

The datum class represents the parameter to be shared widmu particular
reference to semantics. It enables the qualitaiateire of the characteristics of the
parameter to be describeeld. its type: “numerical” or “text”). Thelatum definition
class represents the first level of semantic deon associated with a datura.g.
the parameter is a “diameter”).datumcan only be associated with one sindggéum
definition The aim of this constraint is to avoid the poiisybof a misunderstanding.
In this article we consider the sedafum definition/ datunj as one piece of
information. In order to complete this first levadl semantics, a piece of information
may be contextualised. To achieve this contextattia, we use the principle of a
faceted classification (Ranganathan., 1950). We idensthree contextualisation
facets: organisational, functional and structufélese facets are evidenced by means
of context objects organised in a hierarchical fortierarchical structures are defined
beforehand and cannot be modified by the user.



0.
INTER DATA DEFINITION FLOW

id : string
relation : string

1.1

FLOW DEFINITION

id : string
name : string

0.* 0.* 0.*

« AsForClient

<« AsForProvider

<« AsForParent <« AsForParent
<« AsForParent
1 1

L L* 0.1 1x 0.1 0.1
ORGANISATIONAL CONTEXT o FUNCTIONAL CONTEXT STRUCTURAL CONTEXT o

0.*

id : string
name : string

id : string
name : string

id : string
name : string

‘1,,* 1.x ‘ 1.1

« Imply

0.* 0.* 0.* 0.*

DATUM DEFINITION DATUM

0.1

id : string
name : string 1.1

Figure 3. Data structure model

id : string
type : string

The organisational contexénables the PKOs to which the information beldiegs
be specified €.9g: a CAD screwed assembly model). This localisatwgwpoint
relates to the fact that our work takes place iheterogeneous environmerdf.(
Section 1). Thefunctional contextenables information to be channelled into the
professional sector environment where the inforomais used and generally refers to
a group of project stakeholders sharing a commdivitgc(e.g: the static testing
sector). Thestructural contextis intended to specify which product element this
information belongs toe(g: the cylinder head). It is possible to specify esaV
contextclasses of the same nature for a piece of infoomaéxcept for thetructural
context The restriction is justified by the need to maint control over the
specification of synonymous parameters by partlybiog the possibilities for
contextualisation. Before defining a parameter,uber only needs to check that it has
not already been defined for the product elementlied - the choice of the
structural contextas the exclusive context is linked to our proddata-oriented
working environment in the context of a redesigwcess. We consider the set
[contexts[datum definition/ datunj] as being knowledge representatiar $ection
2.1). Knowledge representation therefore consi$ts organisational contexfsm
functional contextsonestructural contextonedatum definitiorand onedatumwith n
>1and n> 1.

The flow objects enable relations between the patars to be defined. These
relations apply to the values of the parameterschvlaire to be specified over the
course of the project. They are therefore not kntweforehand. As is the case for
data objects, flow objects are defined by the uBecompromise has therefore been
made in this model, between the possibility of miefy complex relations, and the
user’s ability to model and subsequently managsethelations. Thus thater-data
definition flowclass corresponds to the representation of a aeetitin relation with
only one resultingdatum definition(parameter semantics). The simple nature and
analysis possibilities of flows defined in this manrf.e. simple association rules)
have been the subject of several studies (EGheh, 2002; D’Enzeet al, 2008). This
relation can be mathematical or rule-based (if stneg. It will then become the
subject of formal interpretation by a calculati@oltwhich can execute this type of



relation. As for data, a level of semantics andtextualisation must be added to a
flows. Theflow definitionclass represents the semantics legaj.(physical law”). It
must be contextualised. Tlmeganisational context clasgllows us to specify which
supplier PKOs and which client PKOs can be brougfiot play in the inter-parameter
relation. All the relation entry parameters musalailable for a given supplier PKO.
The functional contextclass provides information on the professionalt®ec
environment in which this flow is defined. Stru@lrcontextualisation is not

necessary since the informationlgfum definitior/ datunj) is exclusively classified
according to this context.

Figure 4 gives an example of an instance for flgpetknowledge representation.
The dotted lines in the hierarchical structuresresp the fact that they are not fully
represented for space and confidentiality readbstiould be noted that this example
highlights the fact that there is no notion of imijpl inheritance relative to the
hierarchical structures. Indeed, these structuresausubsumption relationship, the
semantics of which are more conceptua. (elative to a shared set-oriented logic)
than formal. This inheritance must therefore beiekfyl specified.

Datum definition Datum definition Datum definition
Piercing base Piercing base ~ Depth of the
angle diameter piercing base cone

Flow definition

Mathematical L ) Lo ) .
relation Piercing base angle andiercing base diameter =>

SR

Depth of the piercing base cone

By the relation « Depth of the piercing base cone =
Piercing base diameter / (2 x tan (Piercing basgie)) »

oo 303 SV

I nter-data definition flow

\/ Professional arou \ / Product \

Powertrain ,"
Design and ) ! Powertrain
Technology Fastening .
Department 7
s g K ’/" Exhaust
crewe Screwed assembly Static !/ Thermo- Cylinder Manifold
assembly tolerance stake-up test mechanics yiinder
CAD model Excel file es head

\ Organisational context / \Functional context/ \ Structural context /

Figure 4. Example of an instance for flow-type knowledgeresgntation between parameters

3.3. Data

The UML model relative to data is shown in Figuréel'e aim of this model is to
accurately describe the parameters present in RECh It differs from the structure

model, the aim of which is to reconcile the pararsepresent in a distributed manner
in each PKO.



id = organisational
context id list ;
functional context id
list ; structural context
id ; datum definition id
; data id

SEMANTIC ANNOTATION

did - string

Figure5. Data model

This model uses the semantic annotation conceps. iSha concept known
from the Semantic Web (Gomadamnal, 2010). Its goal is to represent the semantics
of a concept defined within an ontology, by meahsacstring of characters. An
instance of a semantic annotation model is thugetinto a well-defined numerical
parameter and evidenced within a PKO. It is madeotimn ordered series of
identifiers with separators taken from the dataucitme model. This series of
identifiers is selected in such a manner as to inb@esemantics and the exact level
of contextualisation of the selected parameter. Thusemantic annotation is
composed of lorganisational contextgsince the selected parameter is located in an
identified environment), functional contextgsince the parameter can be shared by
several professional sector environments), strectural context(since the data
structure model is exclusive to this context), datum definitiorand onedatum with
n>h>1 (n being the number @rganisational contextassociated with knowledge
representation that have the saga¢um definitionn the data structure model) and m
> p > 1 (m being the number dlnctional contextsassociated with knowledge
representation which have the sadadum definitionin the data structure model). It
should be noted that a semantic annotation isdestextualised than the knowledge
it refers to. This is due to the fact that a knalgle object has been constructed in a
particular context and, this context does not ergass all the semantics reconciled in
the data structure model which corresponds to dfiadeveral PKOs. A semantic
annotation can thus be seen as a fragment of kdgeleepresentation. In certain
cases, a PKO parameter may be generic over sestematural contexts. This is the
same PKO parameter that can be used to specilgreiiff products (e.g. a diameter
parameter which corresponds to the diameter of pant part 2, depending on the
ongoing study). In view of the exclusive naturetlod structural context (cf section
3.2), this parameter can not be described by justsemantic annotation concept. We
propose to semanticise this type of parameter binidg several parameters on
different structural contexts in the data structmedel and then, use several semantic
annotations. This method enables us to compeneatthé descriptive limit of our
data structure model.

Figure 6 shows an example of a semantic annotaigiance. This example is
applied to the diameter parameter of a well-ideadif parameterised CAD model.

Semantic annotation

Screwed assembly CAD model ; Static test ; CylirdEd ; Screw passing diameter ; Numerical

Figure 6. Example of a semantic annotation instance

3.4 Activities



In a dynamic approach, activities are intendedefwesent the operations that
enable exchanges between knowledge objects basemurostatic approach (data
structure model, data model). They are represebtedtheans of BPMN models
(OMGc, 2011) in Figure 7. In these models, prepamaactivities for the exchange,
publication and management of annotations requiee dssistance of a user. The
others are automatic.

d)

g Convert

.| semantic annotationsand | __
/_3. : ] associated parameter §
Prepare values |
| |
the exchange L | '
_______ \__>,
Is the subject of a contract ~{--------- Is the subject of a contract ; ffffffffff

Checked semantic
annotations and
associated
parameters values list

a)

Converted semantic
annotations and associated
parameters values list

b) e)
Publish Extract
semantic annotations and semantic annotations and
associated parameter values associated parameter values
L
Is the subject of a contract +-——-—-+ | | | | peeeemee { Is the subject of a contract
Published semantic Converted semantic
annotations and annotations and
associated parameters associated
values list parameters values list
s Manage
i semantic annotation i g
Close
o 7 the exchange
Fait I'objet d’un contrat } —————————— Fait l'objet d'un contrat |1
Published semantic j
annotations and Checked semantic annotations
associated and associated parameters
parameters values list values list

Figure7. Inter-knowledge objects exchange activities model

The exchange preparation activity (a) enables #er to select the supplier’s
organisational context, the client’s organisatiac@itext and the functional context in
which the exchange is to take place.

The publication activity (b) enables the user tecea list of parameters to be
exchanged. It enables the recovery and publicaifoa list of semantic annotations
and related parameter values to be supported, dr&O.

The aim of the semantic annotation managementigciig) is to handle the
processing of simple and multiple semantic annaaticf Section 3.3 on the generic
parameters relative to several structural contekighe case of simple annotations, it
reduces the number of context identifiers in theoéations published. For the
organisational contexts, only the supplier's orgational context specified in the
preparation task is retained. For the functionaltexts, only the functional context,
specified in the preparation task, is retained.ughonultiple annotations exist, user



intervention is requested to specify the curremticstiral context. Based on this
information, only the semantic annotation correspragpdo the specified structural
context is retained. This semantic annotation éntprocessed in the same way as a
simple semantic annotation.

Algorithm input data :

Input list of N semantic annotations and associated values (provided by the publication activity)

Client organisational context id (provided by the exchange preparation activity)
Provider organisational context id (provided by the exchange preparation activity)

Functional context id of the exchange (provided by the exchange preparation activity)

Data structure model (M being the number of Inter-data definition flows specified) Fori=1toN
ori=1to
|

Retrieve the « datum definition id » of the semantic
annotation i in the input list

Retrieve the « organisationel contexts id » asssociated to the «datum
definition id » of the semantic annotation in the data structure model

€ « organisational conte
id » match the client
erganisational context i

NO
Fork=1toM

YES

definition flow » k
has already been
processed ?

NO

he « inter-data
definition flow » k use
the « datum definition
id » of the semantic
anhgotation i as input ?

Publish the new semantic annotation
(identical to the semantic annotation i of the
input list with substitution of
its « organisational context » by the client
organisational context id) and the
associated value (identical to the one of the
input list) in the output list

YES

Ofe of the client
«rganisational context
id » associated to
« inter-data definition

id » associated to
« inter-data definition
flow » k match

€ of the « functional

ontext id » associatet

to « inter-data definition
flow » k match

he « functional conte

idaf the exchange'»

YES

Process the relation

Publish the new
semantic annotation
(output of the flow k)

and the new
associated value
(output of the flow k) in
the output list

Save the id of the
« inter data-definition
flow » k (to
materialise its
processing)

Algorithm output data : End
Output list of semantic annotations and associated values (provided by the conversion activity) n

Figure 8. Conversion algorithm for semantic annotations eahated parameter values

The purpose of the conversion activity (d) is toneat a list of semantic
annotations and parameter values from one PKO tthanaorhis activity takes into
account the relations between the parameters ggubaif the data structure model by



means of flow objects. It brings into play a corsi@n mechanism, described in
Figure 8.

The aim of the extraction activity (e) is to updatbést of parameter values within
a PKO, from a list of semantic annotations andteelavalues. A simple mapping
mechanism between the identifiers contained irsémantic annotations is used: for a
given semantic annotation in the list, the annotafor the matching PKO parameter
must contain at least the same identifiers. It cantain more ¢f definition of a
semantic annotation in Section 3.3).

The close-off activity (f) enables us to indicate £nd of the exchange.

The model indicates that the entry and/or outmit drtefacts for the first three
activities are the subject of a contract. This raxitrelates to the fact that, although
the model enables a certain level of semanticsafgrarameter to be taken into
account, it does not cover the value of this patamevhich is specified during the
project. This implicit contract requires that thalue associated with the semantic
annotation in the list artefact correctly matches value related to the parameter in
the PKO.

3.5 The process

The objective of the process model is to describe lactivity sequences are
established and to attach them to an executingcapipin. Its implementation must
enable user interventions to be kept to a minimunmgduwan exchange between PKOs.
Figure 9 shows the BPMN model of the process.

The exchange process starts with an initialisagieent triggered by the user
from his/her professional application interface. Tser then specifies the exchange
conditions by means of the “prepare the exchang#Vity in the IKOES central
module. From this point, one application takestmnrole of the client, and the other,
that of the supplier. These roles can be revensesibsequent exchanges. Activities
are subsequently rolled out in sequence by measseasfts with the assistance of the
user, when requiredfSection 3.4).

This model proposes a distributed vision of IKOHE$ system we aim to
implement. It supposes the need to customize siiesl sector applications and
does not facilitate control over the life cycle sdmantic annotations. Urest al
(2006) have already proposed that the centralissogement of annotations should
enable greater control over the life cycle of theseotations. However we have
endeavoured to propose this solution for the falhmameason: access to PKOs in a
project context is frequently regulated by meanBDM or KMTs. By using semantic
annotations supported by PKOs we do away with aliffies such as: managing
access rights to annotations (which are assumetilesnby PDM or KMTs) and
maintaining links between documents and their atimats (which would be
fastidious depending of the life cycle of the fikself). In addition, giving the
application which handles PKOs the role of pubhghand extracting these semantic
annotations and the value of the associated paeaspetnables us to limit
interoperability problem — since the IKOES centreddule does not have to carry out
the task of searching for these elements insidéléhe
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Figure 9. Inter-knowledge objects exchange process model

4. Validation of the conceptual model
4.1. Demonstrator architecture
To validate the implementable nature of our congapmodel, we have

produced a demonstrator, the distributed architeabfi which is shown in Figure 10
(the textures of the different boxes in Figure i®lanked to those in Figure 2).
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Figure 10. Demonstrator architecture

4.2. Details of demonstrator elements and impleatem technology



Table 1 shows the demonstrator elements, theitioekhip with the conceptual
model, and the implementation technology used.

Demonstrator elements | Relation with the | Implementation
conceptual model technology

Dictionary This element encapsulates thexcel file (the hierarchical
data structure model. structure of concepts was

—

smoothed for ease
representation reasons).

Semantic attributes This element corresponds tq fAeld for comments on the
container of the data model|sparameters of the studigd
semantic annotations. PKO (cf Figures 11 and 12)
The semantics manager This element encapsulates tB& module.
semantic annotations

management task of the activity
model. In the context of the
demonstrator, it also carries out
syntactical verification of the
annotations contained in the
vector, with respect to th
dictionary. The purpose of th
verification is to overcome th
fact that they can be easily
modified by users.
Propagators This element encapsulates | tMesual Basic for Application
publication and extraction tagskModule (VBA).
of the activity model.
Vector This element supports the list [oExcel file.
entry data for activity tasks in
the activity model.
Converter This element encapsulates [théBA Module
activity model conversion task(This module consults th
in interaction with the datadictionary according to th
structure model. algorithm indicated in Sectio
3.4).

User interface of the This element encapsulates th&BA Module.

demonstrator central moduleactivity model “prepare the
transfer task".

D 0

SO

User interface { This element encapsulates th¥ BA class modules fo
applications, Workflow and process model. application events. Excel
workflow interface events for  demonstratg

r
central module events. An
Excel worksheet for global
process management.

Table 1. Description of the demonstrator elements
4.3. Demonstrator tests

We implemented and tested this demonstrator at ReRawertrain Technology
Design Department, our industrial partner for timsrk. Details of the application
case study are given below.

The PKOs proposed are as follows:
» aparameterised CAD model, representing a scressehaly ¢f Figure 11),

* a parameterised Excel file to calculate tolerartakesup for a screwed assembly
(cf Figure 12).



The applications used which enabled the processirigese PKOs were an off-
the-shelf CAD application (CATIA V5) and the Exc@lpdication.
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Figure 12. Excel PKO

The first stage of our work involved the formal egsion of knowledge in the
dictionary, based on the following scenario:

* a PKO manager manually completes the PKO paramietehe Excel dictionary
file. The contexts defined are as follows: two angational contexts (a CAD
screwed assembly template, a screwed assembly siomeichain file), three
structural contexts (screw, exhaust manifold anthdgr head) and a functional
context (static test). Figure 13 shows an extnamnfthis file where O1, O2 ,F1 ,
S2 are respectively the identifiers for CAD screvesdembly template, screwed
assembly dimension chain file, static test andncldr head,

* the PKO manager manually completes the formulastlim form of VBA
methods) in the converter then enters the idergiffer these formulas in the
Excel dictionary file - i.e. in the “relation” attiute of theinter-data definition
flow class €f Figure 3),

» the PKO manager constructs the semantic annotdbypmnstrieving the identifiers
of elements from the dictionary and fill in the PiKs@&mantic attributes{Figures
11,12).
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Figure 13. Extract from the Excel dictionary file

The second stage of the work consisted in the bepecification of the PKO

parameter values. This work constitutes an eveyytask of a designer in a redesign
process. The following design loop was implemented:

a designer sets the dimensions for the screwethabgen the CAD model,

the designer automatically transfers the defingarpaters (nominal dimensions)
via the IKOES demonstrator to the tolerance stakéteip

the designer calculates the tolerance stake-umanappropriate PKO and thus
balances the nominals,

the designer automatically transfers the tolerastake-up file parameters to the
CAD model, via the IKOES demonstrator.

Following this stage, some research gaps have ligbhghted for our conceptual

model:

The first research gap relates to the data structure model. The simultaneous

transfer of several instances of the same paranseteot supported. This case
occurs when a PKO is able to process several amatigns of a parameter with
the aim of retaining only one of them.

The second research gap relates to the data structure model. The use of several
syntaxes for the same datum is not supported: (value x of the diameter
parameter can be written as “x” or “@x”, dependamgthe PKO). In fact, our data
structure model allows @atum definitiorto be associated with only odatum,cf
Figure 3.

The third research gap relates to the activity model: The algorithm for the
conversion of semantic annotations and the exchprggaration activity can be
optimised in order to manage the definition of tielas, whose input parameters
are distributed between several PKOs - as mayédeabe in an assembly.

The fourth research gap relates to the process model. At the time of an

exchange, the considered parameters are necegaaskietl” from the supplier
PKO to the client PKO. If the client PKO is not Wihown by the user, it is
therefore possible to transmit more parameters ithatrictly necessary. Although
the converter implements a filter (via the convamnsalgorithm cf. Section 3.4) to

ensure that only parameters that can be understpdde PKO are transmitted,
this exchange is not optimal. A possibility for irmgement of this point would be
to define a parameter request process from thet diKO.



5. Discussion

Relatively to our motivation expressed in section the feedback from
professional sector groups was positive. An infdromasystem of this type does not
modify the initial objective of PKOs, which is toctaas boundary objects and
adaptable memory devices across projects (Cacci2@®8). As shown in the case
study, it does not imply any strong modificationtive way knowledge is formulated
and structured in the file due to the parameter ggutr. It is therefore possible to
reuse existing PKO’s. Moreover by reducing the |éate and by making it less
tedious to transfer parameter values between PKssystem should enable PKOs
to be used further upstream in redesign projects.

Beyond these goals, the IKOES data structure magealwns elicitation of
knowledge. Indeed, its enables the constructioa ofap on interrelated parameters;
at level of granularity which is not usually tadaklby off-the-shelf tools (PDM and
KMTSs). This cartography supposes the preliminagnidication of the PKOs sharing
same parameters or parameters that can be dedrmedohe another following
simple association rules. The complete identifwatof these files does not seem
trivial to our industrial partner. Tools used tomage these files today, do not always
show a sufficient descriptive quality to be usedhis intent. For example, it can be
difficult to extract from such tools, the overalarameterised files concerning a
particular product part (these files likely haviogmmon or linked parameters). The
works of Joo and Lee (2009), which mention the tltnons of KMTs in terms of
search capacity, tends to generalise this poirdadttition, setup interviews in specific
professional sectors can be particularly long. éuljeas the use of these files is
strongly fragmented, they cannot be identified bylyoa few individuals. A
progressive supply of parameters in the system semstessary (this would
contribute to justify the simplicity requirement othe underlying model).
Nevertheless, this last approach seems to be mtedsrsofar as the profitability
associated with IKOES implementation has to be @moby first elements of
cartography: to assess the overall gain in termeanf times, a study is in process at
Renault Powertrain Technology Design Departmemh#ép relevant PKOs. The time
and resource-intensive nature of this work can bensas an obstacle to the
development of a system aiming at parameters mamageand probably justify that
there is currently not much work done on this toplevertheless, we believe that it
constitutes an important step for industrial orgations, enabling them to achieve a
global approach of their knowledge considering angtarity level often out of
control.

6. Conclusion

In large manufacturing companies, optimising thi#udion of knowledge is a
lever towards improving the success of productsiegheprocesses. Various approach
strategies exist to contribute to this optimisatiohmong them, the use of
parameterised knowledge objects is a simple, flexalnld often-used practice.

In this article, we have proposed a conceptual intmémplement IKOES: an
Inter-Knowledge Objects Exchange System. This syst@ables users to avoid the
fastidious work of copying or adapting parameteluga from one PKO to another
and thus reduces the resulting lead times and ofsksor. Our conceptual model was



evaluated by implementing a demonstrator and @stim the context of a scenario
proposed by our industrial partner, Renault Powertr Technology Design
Department.

Various prospects for future work have been progdse this conceptual model.
The aim of this work will be to enable the model dopport the simultaneous
exchange of several parameter instances, the naeag®f several syntaxes for the
same parameter, and the integration of a “pull ggemg” parameter exchange.
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