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1 Introduction

In an increasingly complex environment, faced vath open market and tough competition, the
manufacturing company must excel in its productfonction. In this context, multicriteria
objectives are defined coherently with the comparsgrategy and performance improvements are
continuously launched to reach these objectivesréiBeet al., 2000). The improvement approach
steps generally implemented use the traditionadlfeek loop principle, in accordance with the
Deming wheel (Plan-Do-Check-Act) (Deming 1986). Ndyn improvement actions are first
planned knowing the associated expected performareesures, before they are implemented, then
checked according to both the fixed targets andctiresidered performances, and corrected if
necessary, and so on as long as some improvenrergslbachievable.

In this context, the definition of a performanceaswement system (PMS) is a key point (Neely
1999; Kaplan and Norton 1992; Mills 2002; Nudrug#iiL1). Indeed, according to their definition,
the purpose of a such system is, on the one harmyive pieces of information about the objective’s
satisfaction and, on the other hand, to link theesu measures to the improvement actions to
launch (Fortuin 1988; Bitton 1990). In this senaePMS is an instrument to support decision-
making, either for launching, choosing or diagnggmprovement actions, or redefining objectives
(Neely 1999).

From a global point of view, a PMS can be seen asulicriteria instrument, made of a set of
performance expressions (also referred to as “o88jriCooke 2001; Melnyk et al., 2004)e.
physical measures as well as performance evalgtiorbe consistently organised with respect to
the objectives of the company. These expressianaeressary for the identification of the relevant
actions to launch, the checking of their efficiermyd the diagnosis of the possible causes of
inefficiency and then the correction and the adaptaof these actions. According to the various
performance criteria of the company, the PMS carcdwesidered as multicriteria decision aiding,
knowing that on the one hand the improvement maniagiie decision-maker (DM), on the other
hand many improvement actions and multiple critiatahe decision have to be taken into account.

In spite of these decision problem characteristios,main PMS propositions such as the balanced
scorecard (Kaplan and Norton 1992), the processsddapproach (Neely 1995), the Integrated
Dynamic Measurement Performance System (Ghala@fi’), the ENAPS approaches (Browne,
1999), the ISO 9000 framework (ISO 9000, 2001)ndbconsider this aspect and aim to give to the
improvement manager only a set of performance messtliheses models are not always available
to answer to questions such as: “is the situatioth@ end of the third semester better than the
previous one?”, “is the action A better than thi#oscB regarding the whole set of criteria?”, “what
are the main causes of the bad results of a giwesinéss unit?” To avoid this lack, some
propositions have been made in order to introdheeMCDA aspect in the PMS definition (Santos
et al., 2002). Let us mention in this sense thdoBeance Criteria System (Globerson 1985), the
ECOGRAI method (Bitton 1991) or the Quantitativedals for Performance Measurement System
(Bititci 2000).

Subscribing with the idea of linking PMS’s to a d#an-aiding exploitation, this work deals with
the use of the MCDA methods in an industrial imgnoent context, by considering the useful
pieces of information that can be provided in addito those expressed by PMS’s. In this sense,
Section Il focuses on the major requirements imgeof decision-aid along the different steps of an
improvement process. Hence, the encountered decjmioblems are matched with the major



MCDA method categories (namely, the choice, sortiagking and description ones). We conclude
this description by considering the relevance efMACBETH method to help the decision making
by offering a formal way to transform the availabjgalitative DM’s preferences into quantitative
ones. Section Il gives a brief description of MAEBH, patrticularly its adaptation to the Choquet
Integral operator which is used in order to take thutual interactions between criteria into
account. Section IV gives an illustration of thethoel deployment in the case of the definition of a
preference model for a set of four regional comgatihat are involved in sustainable development
approaches. Some concluding remarks and perspeetigehen proposed.

2 What are the decision problems in an improvement
process?

The generic PETRA methodology which is based onRBEA Cycle involves the following six
steps (figure 1): problem statement - corporatatefyic analysis - organisation analysis -
opportunity evaluation - organisation redesigmmplementation - closure. (Berrah et al., 2001a,
2001b).
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Figure 1: Company reengineering cycle according the PETRghodology

This cycle is reiterated as long as the considergi@ctives are not satisfied and as long as
improvement opportunities can be considered. Smal approaches several decision problems can
be identified. Before going further in the analysishese problems and in order to get a meaningful
description of them, let us recall first the fo@ference problematics in the decision area (Roy
1985; Jacquet-Lagreze 2001). By considering afssttimns and a set of criteria, are distinguished:

» the choice problematia, which consists of choosing an actiarirom the set of potential
actions,



the sorting problematip, which allows the DM to sort the potential actionsvell-defined
categories,

the ranking problematig, which ranks the potential actions from the wons¢ ¢o the best
one(s),

the description problemati; which describes the action in term of their perfante with
regard to the set of criteria

Note that these problematics can be separatelpmointly encountered in real-life situations. Let
us now identify hereafter, step by step accordmthe PETRA framework, the decision problems
that characterise an improvement process.

Step 1 problem statementThe decision problem concerns the global diagnast the
current state of the company which can be expresged the overall performance of the
company satisfactory? In the case of a positivavansno more improvement action is
needed; otherwise, the diagnostic must be deep@nertler to identify the causes of the
overall dissatisfaction. According to us, no muiltaria decision problem can be identified
at this step.

Step 2 and 3strategic and detailed analysisThe decision problem consists of the
preference criteria definition and the correspogdexpected satisfaction levels. Here, the
DMs are looking for a more precise diagnostic tisabased on the identification of the
strengths and the weaknesses of the considerezhsyEhe decision problem is viewed as a
problematicd, related to the description of the company’s aurstate.

Step 4:.0pportunity evaluationSupposing that a set of relevant opportunitieskbearetained
by the DMs from the previous diagnostic, the decigoroblem concerns the choice of the
improvement opportunity among the potential onesis Tproblem can be viewed as a
problematica of an opportunity choice from several ones.

Step 5:organisation redesignThe selected opportunity is deployed on the dmarsd
system. Operational actions must thus be choserplamted from the potential ones. The
considered problem is similar to those of the mesi2, 3, 4 steps, however at a more
detailed level.

Step 6 implementationKnowing that the effect of the action cannot ketan, it is useful
to regularly check the reached performances, giyextithe different milestones of the
operational actions planning. The decision probiemiewed as a problematé&related to
the description of the reached states (at eachstoile) possibly combined with the
problematica of choice when the actions must be revised.

Step 7:closure Even if no action can be launched after the cksf the improvement
project, the company must know the reached levekatfsfaction at the end of the
opportunity implementation and possibly diagnose #trengths and the weaknesses
corresponding to this final reached state. Thisisiat problem can be viewed as a
combination of a description problematéc of the final reached state, with a choice
problematica concerning the opportunity/action selection.

As a summary, from a decisional point of view, DMsId a preference model (steps 2 and 3), then
apply it from the strategic level (diagnosis ofpst and choice of step 4), to the operational one
(step 5). They apply it again at each mileston¢hefopportunity planning (choice of step 5 and
diagnosis and choice of step 6), and finally apgplgne last time at the end of the opportunity
planning (diagnosis of step 7).



However, some additional considerations have tdéaken into account before the selection of a
MCDA method in this context, namely:

« the adoption of the same preference model alonwhwode improvement approach.
» the comprehensive aspect of the defined model.

In previous works, in order to deal with all thesenstraints, an aggregation method has been
considered allowing the DMs to both diagnose an#ter@hoices during the whole improvement

approach. More precisely, the MACBETH methodolo@g been considered, for the description

and the ranking of the alternatives actions, adogrtb a set of criteria and the associated DM’s

preferences.

The proposed model has been applied in many industises such as the improvement of the
service rateof a SME that manufactures kitchens, bathrooms saodng spaces (Clivillé et al.,
2007), the optimisation of theean Manufacturing policyn an automation components producer
(Berrah et al., 2011), the sustainable developrreat panel of manufacturing companies (Berrah
and Clivillé 2010), the supply chain managementhie bearings industry (Clivillé and Berrah
2011)... Our proposition is briefly presented hemafiflustrated through the definition of a part of
a preference model, the determination of the a@gi@y operator parameters, for a sustainable
development problem.

3 The MACBETH preference model for the performance
improvement

3.1 The MACBETH methodology

MACBETH (Bana e Costat al, 1997) is a synthesising criterion method whicippies a
quantitative overall utility functionu(a) for each potential actiotfa). The relation between the

unique synthesising criterion utility valuga) and the marginal utility values denoted(a) is

given by the Weighted Arithmetic Mean (WAM) openat@oth marginal and overall utility
functions are defined according to interval scaldg interval scales are built from an information
process based on the concept of strengths of prefer(Vansnick 1984) provided by the DM.

The definition of the marginal utility functions issued from the pair-wise comparison judgments.
So an actiora is compared to an actian according to a criteria; under the form a is preferred

to b with a strength of preference”, h being able to take one of the 6 following semantic
categories:very weak, weak, moderate, strong, very strongremd. For each criterion, two
reference levels, “Neutral” and “Good” are defineshrresponding to the boundaries of the
marginal utility. All the comparisons are then eegsed under the form of constraints which are
solved by linear programming, in order to give nuoa values for the marginal utilities.

The same processing is made for the criteria wedgtermination using reference actions
corresponding to the following marginal utility wec (0...1..0) where all the marginal utilities
correspond to the “Neutral” level, except the oneichh corresponds to the “Good” level. The
reader can find more information in (Bana e costl,e2003; Clivillé et al., 2007; Mayag 2010).

However, concerning the WAM operator, it is wellokwn that this type of compromise operator is
well-adapted in the case of criteria preferentiaependence. Knowing that this assumption is not
always verified, it is possible to deal with thé@ema interaction thanks to the family of the Cheg
Integral (Cl) operators (Grabbisch and Roubens 1986our framework, we consider a particular
case of Choquet integrals, based on the so-calettiRZive measure: in this simplified model, only
interactions by pairs of criteria are consideredafibisch 1997).



3.2 The 2-additive Cl operator

The 2-additive Cl involves the following 2 paramste

1. the weight of each marginal utility in relationaé the other contributions to the global utility
evaluation by the so-called Shapley parametges that satisfy the Conditioﬁj”zlvj =1, which

is a natural condition for the DMs,
2. the interaction parameters of any pair of criteria, that range within [-1,1]:

For a given action a the vector of performance expressions no(qd.., u, ...,%)DIR{”, the
aggregation formula by the 2-additive Cl is given b

u(a)zzj_”:lvjq —%“%N |,~k|q —ul (1)

with the property:

1
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The proposed preference model is now illustrateolitih a case study submitted by some industrial
companies (established in Savoie), involved inanable development approaches.

L j > 00jdfnljzk (2)

4 Case study

The sustainable development concerns numeroustaspfeifie company such as external logistics
points, material recycling, water process, enemggpction and consumption, etc. In a sustainable
development context, it is well established thaustrial companies performance lies on three main
pillars which can viewed as criteria: tReonomicperformance, th&nvironmentalperformance
and theSocialResponsibilityperformance (Sidkar 2003). In this context comesare looking for
tools able to reflect these multicriteria aspedishe performance to help them to choose the
relevant improvement actions in the long term. Cetaty, they need to identify the preference
model corresponding to the PETRA PC step. Then pheserence model can be exploited to
diagnose the current state (phase PC) and to clibesepportunity (phase PD). It could also be
refined during the PE step for the control of timplementation during the PF step. The following
section highlights the preference model identifmat

In order to reinforce or revise this propositionm&o investigations have been made with four
companies in the Savoie area, namely:

* PFEIFFER ADIXEN which produces vacuum technologd0(@mployees),
FOURNIER which produces kitchen and bathroom fuineif{ 1000 employees),

* NTN-SNR which produces automotive and special bgar{4000 employees),

» the Office National des Foréts (ONF) which hangleklic forests (300 employees).

For each company, one DM is asked about his peorept the relative importance of the 3 pillars
of the sustainable development. The interviewriscstired by 6 steps.

1. The hypothesis concerning the relevance of thargills proposed and discussed, presenting
the main indicators of each pillar.

2. The mechanism of elementary performance expre¢sarginal utilities) is presented using
graphic representation of the satisfaction level.

3. The DM is facing particular situations where thenmeéntary performances can be, totally
satisfactory, moderately satisfactory, or totalhsatisfactory.

4. The DM is asked about this preferences and strerajthreference.



5. The DM expertise is processed according to the MBTIB method and the corresponding
Cl parameters are computed and presented throungh swample situations.

6. The DM can modify these judgments if he does not@gith the results.

These steps correspond to the MACBETH standardeproe, except step 3 which is adapted
because the aggregation operator differs from tACCBETH one (83.2).

If we consider that the sustainability performaimcéhe result of the aggregation of the Economic
performance.., the Environmental performancePs,, and the Social Responsibility
performancep,,, by the use of the 2-additive Cl operator (8§ 3tBg sustainability performance
can be written as (Berrah and Clivillé 2010):

1
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where v V.,V are Shapley’s coefficients according to, respebtiviie Economic criterion,
the Environmental criterion and the Social Resgulitsi criterion, and I .._¢..| oo spl e srth€
corresponding interactions.

Let us now see how the CI parameters can be idmhtiFor the sake of conciseness, only

Fournier’'s interview is detailed hereafter. Thebglbresults are summarised at the end of the
section. Precisely 3 particular performance vahrespresented (figure 2a), theses values having to
represent the same semantic of degree of satsfiactiatever the criteria (figure 2b.).

Total satisfaction : p=1 Economics noted pec.

Moderate satisfaction : p = 0.5 @ Environmental noted pen..

No satisfaction: p=0 ¢ Social Responsability noted pgg.
2a 2b

Figure 2. Performance expression

The idea is to identify the parameters of the agafien operator using enough comparisons of pair
wise situations identified by their elementary pemiances. The situations described in table 1 are
retained. The corresponding quantified elementanyopmances are provided in the three lowest
lines.

Table 1: The considered situations

AR 2Q | 2R A2AQ A2Q| B &

Pec. 1 0.5 0.5 0.5 1 1 1
Psr. 0 1 0 0 1 0 1

DM is asked about, respectively, his preferencessrength of preferences between the previous
situations. So he ranks them from the worst (onleffteof table 3) to the best (on the right). For
example amoderatestrength of preference should be lower thastrang one and higher than a



weakone. The results are summarised in table 2. Tiemgth of preference is noted by a value
from O (no preference) to 6 (extreme preference).

Table 2: situations comparison thanks to strengths of pesies

@3 RO 3RO H BW@ 3 @5 RO 3 RO

- Level of satisfaction +

MACBETH thus allows the DM to determine the aggtegaoperator parameters thanks to the
previous judgements. In this case the parameters ar

v =0.62,v, =0.15v3=0.23, },=-0.10, 13= 0, b3 =-0.05.
Now it is possible to compute the overall satistacas shown in table 3:

Cl(p, p,, p,)=0.62.n+ 0.15p,+ 0.23@—%[— Olp- p- 0.p5- d] (5)

Table 3: The situation overall performance

QL OV 0V OV OV 0@ OV
2 Q| 2 Q| HQ | HQ | AQ| AQ | &S

Pec. 1 0.5 0.5 1 0.5 1 1
PEc 0 1 0 1 1 0 1
Pec. 0 0 1 0 0 1 1
Poverar | 0.37 0.51 0.58 0.67 0.74 0.86 1

Results and discussion
The main results are the Cl parameter values dgivéable 4.

Table 4: Cl parameters

FOURNIER ONF SNR ALCATEL
Vee 0.62 0.33 0.56 0.34
Ven 0.15 0.30 0.18 0.36
Ver 0.23 0.37 0.27 0.30
lec.en -0.10 -0.05 -0.19 -0.11
| oo - -0.05 -0.26 -0.11

ensr -0.05 -0.05 -0.09 -0.14

It appears that there is not only one CI that cadehthe sustainable performance. Nevertheless
one can see some trends such as:

» the economic pillar is not always the most impdrtaeight,



» the societal pillar is often ranked in second place

* the interactions can be more or less important anglies especially tolerant DM
behaviours.

The biggest surprise concerns the weight of then@mac pillar. The DMs explain that the
economic pillar is very important, but it is notgsible to have a durable economic performance
without ensuring the satisfying social climate thms way, the negative value IEc.-SR could mean
that a good societal responsibility performancergniges that the economic one will become
satisfactory for the long term.

At this time, the industrial DMs involved in sustable development approaches lay out a
preference model corresponding to the company gbirteorder to diagnose the current state and
choose the further improvement actions.

5 Conclusion and perspectives

To remain competitive, companies have to continlyousprove their performance according to

various criteria. In this sense the PETRA methoglplstructures the improvement approach using
seven main steps from the problem identificatioth® closure of the improvement actions. In this
context, decision-making is a central point whielquires the identification of a DMs preference
model for the approach deployment.

Among the numerous available methods in the MCDdaathe retained preference model must
deal with the main decision problems, the choiat the description problematics, during the seven
steps of PETRA. The aggregation method MACBETH basn considered, given the ability to
give decision aiding in both the previous caseis déxtended to the 2-additive CI operator able int
take account the pair-wise interactions betwedergii

However, MCDA practice in the industrial contextnist obvious as shown by the proposed case
study. The main questions concern the understalitgtadii the preference model, particularly the
Cl parameter meaning, the comprehension of thaitiefh process of the preference model, and the
interest of the supplied information for better idem making during the different steps of the
approach.

In this sense, works on the preference model definare in progress concerning on the one hand
complementary works to better use the increasingsviowledge during the improvement
approach in the MACBETH method, and on the otherdh@® consider other alternative methods
such as ELECTRE Il or UTA which are able to uskedent expressions of the DMs knowledge.
Moreover, notions such as the improvement optinaeadnd criteria contribution can be deepened
to enrich the supplied information by the prefeeenwodel. One other track concerns the decision
aiding in supply chain management when several RdIning from different companies are
involved in common improvement approaches.
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