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Abstract a goal while minimizing costs. We have already
proposed optimization techniques to fit this scheme
This paper deals with the implementation of and characterize an efficient improvement [5]. The
monitoring and control strategies to improve paper focuses here on a related issue: how toedafin
industrial performances. Industrial performances a relevant step by step procedure to reach the
nowadays defined in terms of numerous and multi- previously computed goaltwo different logics are
level criteria to be synthesized for overall semantically analyzed and justified. One is based
improvement purposes In our approach, the overallupon statistical considerations w.r.t. the moseliik
performance of the company is the aggregated valueprofitable contributions of criteria to the overall
of its partial performances related to each coteri  performance. The idea is to determine the critenia
The aggregation model is performed with a Choquet which the company should improve first statistigall
integral. Two improvement strategies in this multi- in order to improve as much as possible its overall
criteria context are then envisaged. The contriputi  performance. This study was initially proposed by
of a criterion to the Choquet aggregated performanc Labreuche in [7] when no quantitative goal is
has a key role in both strategies that are thustargeted.The second one is related to the concept of
compared and justified through the monitoring of efficient improvement when a quantitative goales s
criteria contributions. A case study illustrates th [8][9]. The principle is to define a step by stepdlly
propositions of the paper. efficient improvement in a multi-criteria contexttil

o ) the expected goal is reached. The corresponding
Keywords: industrial performance, performance jierative procedure is provided in both cases
improvement, contribution of a criterion, efficignc (algorithms A and A). In both cases, the

multi-criteria decision-making. contribution of a criterion to the overall perfomea
improvement plays a key role. As a consequence, a
1 Problem statement monitoring functionality of criteria’ contribution

time is provided for a more quantitative and
context, new diagnosis and control strategies theoretical comparison of both improvement logics.

intended to bring about continuous improvement The corresponding algorithm is provided.
have to include both the multi-criteria performance This paper is organized as follows. Section Il fiyie
expression aspects and the modeling of theirrecalls the characteristics of the industrial
relationships [1][2][3]. The so-called Performance Performance expressions. The Choquet integral is
Measurement Systems (PMS's), which are Proposed as a solution for handling the interacting
instruments to support decision-making [4], fulfill multi-criteria aspects of industrial performancéeT
that purpose. A PMS is made of a set of performance@dgregation viewpoint compels us to redefine what
expressions to be consistently organized w.r.t. theefficiency ~means. Performance  improvement
objectives of the company. Besides, aggregationproblems are modeled as optimization problems.
models allow to define overall performances w.rt. Then, sectionlll  qualitatively —analyzes two
the different elementary objectives of the company semantically different logics based upon criteria
[1]. They enable to highlight the priorities in the contributions to perform an efficient improvement.
decision-maker's strategy. The aggregated Section IV proposes a more quantitative and
performance model captures the company’s strategy:theoretical comparison. Finally, a case study
in our approach, the aggregation model is performedillustrates all these notions.
with a Choquet integral that enables both tackling
with relative importance of criteria and interacso 2 The aggregative model of overall
among them [5]. performance
Definition and design attempts for overall .
performance have already been considered in [1][4].2'1 The PMS notations
This work is focused on decision-support tools that A performance expression is associated with a given
could help managers to better plan performancesobjective and can be defined as a satisfactionegegr
improvements w.r.t. to the company strategy tohieac
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In practice, elementary performances are returiyed b problems implying a Choquet integral in terms of
the so-called performance indicators. They result linear programming in simplex regions.

from the straightforward comparison between the - .
objectives (obtained by the breakdown of the oVeral 2.2 Efficiency in the aggregated framework
considered objective) and the reached measurementsthe problem is to help the decision-makers in their
Hence, the performance expressions can bejmprovement analysis by considering the way the

formalized by the following mapping [10]: overall performance could be relevantly improved.
P:OxM - E The problem is to design a strategy that lead$i¢o t
(o,m) - P(o,m= F required overall performance improvement with a

O, M and E are respectively the universes of minimal increase w.r.t. each elementary performance
di’scourse of the set of objectivas the set of i.e. a minimal additional cost related to each of them.

measuresn and the normalized performar@[0.1]. The answers to this qugstion are in'guitive Whgn the
aggregation operator is linear, e.g. with the weagh
Let us noteC the set of then criteria implied by the  average meanWAM). It is thornier with a Choquet
PMS. The aggregation of the performances can beintegral.
expressed as an operation that synthesizes therhis notion of optimal improvement is directly
elementary performances into an overall expression: |gjated to the concept of efficient improvement.
Ag:[0,1]" - E 1) Indeed, the notion of efficiency both implies the
(B,RceB) = B = AP, P,..., P objective to be reached and the allocation of

verall —

In our approach' the aggregative moc@for the resources associated to an improvement: an

PMS is a Choquet integral. It enables tackling both |r:1npdric;ivertri1err]1t flist elflfluetntd rlf a:\y rr?stncnv?”
with relative importance of criteria and interaaso oditication of 1is aflocated resources necessarily

among them. This choice is not discussed here (seeemaiIS a decrease of the overall performance.grn 0
[51[8] for further justifications). Let us simplyate gggregated frame\lf\]/ork 0; Pt')VIS]; thel' e(zjfﬂuen:]
that another viewpoint is proposed in [3] where a :cmlioroyemen'g searc canblt us be formalized as the
goal is directly modeled as a fuzzy set upon the ollowing optimization problem.

measure scale. That is another way to tackle theLét us note P'=(P',P,.P) the inital

n

commensurability issue. Furthermore, interactions performance profile and' = ¢ (P) the associated
considered in our approach are not the ones tacklecF Y

in [3] where action plans may impact conjointly overall performance. The problem to be solved is to

several performances indicators. Our approachidemify the most efficie.nt strategy to improve the
focuses only on the preference decision-maker modelVeérall  performance, i.e. the least costly
at the performance level: the corresponding actionMProvement of the elementary performances to
plans have then to be designed. Thus, eventualachieve an expected overall performaRce P
interactions between improvement actions are notwhat is the minimal investment w.r.t. each critario

cons_ldered here as is the case in [3]. _to reactP’? Let us noted =(J,3;,..J. Jthe
pk is the aggregated performance of the partial _

solution to this problemod’ is thus associated to the
most efficient strategy w.r.t. a give@, model and a

Pk:Cﬂ(TDk): C,(%, g,_,,,?):i(%_ Byu(s) (2 predefined set of cost functions associated to each
i=1 criterion of the PMS. A cost functioe (P',d) is

associated to each criterianc (P',d) represents

performances profile PX = (P,....P").

where y:P(C) - [0,1] is a fuzzy measure, (.)

indicates a permutation such that the partial " y ] iy . ‘
e cost for an improvemen rom P'. For sake

performance®); 0[0,1] are ranked T P . o ' _

of simplicity, ¢ (P',d)is supposed to be a linear

0<P <..<P <landAj ={c,...q,} . Itcan be

function w.rtd: ¢(P',d)=cuy.dwith cya unit

rewritten: cost. The problem R;) of the most efficient
CP.P)=S(HF-p A= ‘B improvement can then be formulated as follows:
w (BB §(<') T H(A) g% 0 ) Objective function
LS k — = 2

where 4 =u(A), iy =0 and minc(P,5)=> G (P.d) 4)

ko _ k k =1
Bl = Hoy = Hiy- Constraints
Note that a ;lmglex Cﬂ(|5+5) = P*  (Behavioral constraint
Ho :{PD[O'l] l0<Ry<..< Ry SJ} 's associated fo Oi, 0<4 <1-P' (Bound constrainis

. .
each profileP™: it corresponds to the ranking () The piecewise linearity of, enables to tackleP() as
where the Choquet integral has a linear expression.

This remark is of importance to tackle optimization & linear programming problem. Indeed, behaves
Proceedings of IPMU'08 631
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as a WAM  on each simplex  introduced. Constraints 0i, 0<¢g <1-P' are
Hy {PD[OJJ /0 R, << P(n)S}- This remark  replaced by 0i, 0<6'<g<1-d' -P' where &

e;nables to break down the initial problem im  ang 57 are threshold parameters issued from the
linear programming sub problems. Nevertheless, this '

solving can be considered onIy for lovwalues [5] appllcat|on (eg Improvement w.r.t. criteripnannot

exceed 30% but must be over 10%).
Another idea consists in considering the problera as
whole and introducing linear programming 2-3 The improvement control problematic
considerations [8][9]. To that end, let us firsttioe  From this viewpoint, an efficient improvement to
that guaranteeing a potential solution belongs to 3reach the overall performance leveP’ merely

iven H , implies adding(n—-1) constraints in the o —
g o MP 9 ) depends on an initial performances profile a set
problem definition: (i, P, + iy < +04) - Next, of n linear cost functions and an aggregation

(|+1)
noticing that realizable solutions related to aedin ~ OperatoC,. It means that efficiency only depends
programming problem belong to a convex hull, the on a static viewpoint of improvement: the
associated verticeg have a particular profile due to optimization profile P,) merely determines the

the 3 types of inequalities involved in the problem setpoint P*=[P..P]/ C(R..R)= to be
modeling: . reached. No dynamical aspects of improvement are
@ui, 0=g, considered in this modeling. The problem to be
(O)0i, J; <1-PF, (5) solved now is to determine a step by step evolution
time for P from P' to P*. B* is the setpoint of this
(C) DI! [0) +5I) s P(I+1) +5(|+1) f

control problem, P the controlled variable.

A vertex X is thus defined by equations:(n—1) of o ) ] )
the preceding constraints brought to equality 'Ehe basic |(_jea is to dejlne some remarkable points
n B P of the trajectory fromP' to P* to plan a step by
conjointly with C,(P' +9) :ZA,u(i).(ﬁ' +0),, = P* step expected evolution Bf. Let us note that our
i=1 viewpoint is dedicated to the managers’ team bexaus
where thedy;, ‘s are the coefficients of the linear our decision-making support system only relies on
the PMS perception of the company’s health. It does
not consider further operational or physical
inequalities of type (c). The set of constraints is constraints related to the implementation of the
generated for any simplel , and all the vertices improvement. Indeed, the aggregation model only
. . - captures expectations, preferences or wills of the
are compL_Jted. The mln_lmal distance betwéenand company’s managers. Interactions thus express
a vertex gives the solution to the global problem. expected negative or positive synergies between
Now, let us remark that, after some rearrangengent, criteria, but they are not to be confused with
vertex X is a vector with 3 distinct blocks of statistical correlations between parameters of the

expression of C, in simplex H(.)defined by

coordinates: physical and operational world [3]. Providing the
- (a) unchanged coordinates w.r.t. the initial series of intermediate pointsP* from P' to P*
vector P (g, =0=x, = R,), enables to define the guidelines that the managers

would like the company improvements follow. This

is a purely managerial viewpoint. The contributafn

(&) =1-F) =%, =1), a criterion to the global improvement has then wa ke
- (c) a subset of coordinates at the same valuerole in the following of this paper.

'B( |: (n %)_)ﬁ)'

Linear programming results involve th& + J can
only take remarkable values as coordinates. Indeed3.1 A statistical viewpoint: the worth index

after some rearrangement, it means tRatd can  Thjs first viewpoint is inspired of the work of

always be rewritten under the following form |abreuche in [7]. In that paper, the author propose
denotedr [7]: [4,...,13,...8 Ry +Ri T (6) an index of importance to determine the criteria on

This is a relevant piece of information for decisio which a candidate should improve first in order to

making that generalizes the obvious result that isMProve as much as possible his overall score. His
obtained with aWAM e.g. [1,....1,3 P P results are transposed here in the case of indlstri
] 9 g enaydy y 0 yuen 0 .

performance improvement. Let us note that no
More details are provided in [9]. guantitative objective+ is provided in Labreuche’s
issue, the qualitative aim is only to do one’s best

Let us first briefly recall the notion of worth iex
like it is developed in [7]. This work was initiatén

- (b) coordinates equal to 1

3 Improvement control logics

Let us still note that problemP() can be easily
extended in R’;)) when more severe bound
constraints related to the application are to be

Proceedings of IPMU'08



[11] when no initial profile'is specified. appearing as a variate. No accurate value can be
Labreuche’s aim is to come up with advices on the provided for the overall improvement with
criteria on which the company performance should «f;(H)(P'), it only warranties that criteria im*

be improved first from a statistical viewpoint. $hi  maximize the odds to reach a high overall
identification depends on the aggregation moHel performance.

as well as on the partial [
performances' =(F',B,...,P ). To give some

advices on the criteria that should be improved,

Labreuche proposes to introduce an index denoted by

S|

P

«f (H)(P")for the aggregation functiomd and the N > P
Py

initial profile P'. For anyAO C, of (H)(P'")will be

the worth for the profileP' to be improved in
criteria. among A, subject to the evaluation Figure 1: The upper hyperculre —1,
functionH . He constructsuf (H)(P') that will be lower boundP, - upper bound.,

large if improving P w.r.t. criteria A yields a large  Thjs statistics based advice is natural for the MCD

improvement in the overall evaluatibifP). The or theory games community, but somewhat
recommended set of criteria to be improved first is disturbing in the industrial systems engineering
the coalition A* 0 C that maximizes «f (H)(P'"). community. We are going to see how Labreuche’s

More accurately, improving the criteria im* model can be S|Ight|y modified and integrated in a
maximizes the odds the overall performance reachesstep .bY_ step mprovgment procedure when a
the highest level as possible. Labreuche proposes aquantitative goaP’ is assigned.

axiomatic construction of worth indexf (H)(P'). Thus, we authorize an upper boungs® not
In the following the only casél =C ,is considered. necessarily equal t. (as a consequence the upper
Let us consider two profile®', P'andAC C. The  bound in(8) will be B* and notL,). We will note it:

following notations are introducecE:P‘A, PC'\ A] is the GC)P B and &C)P 1) =a(C)P) Q)
compound profile whose partial performances are

D | Now let us back to the control problem &f from
such thatP'> R ifi JAelseP . For any subset of

P to P*. «C)P.PH can be used for strategic

criteriaA 0 C, P, is the restriction ofP onA. control purposes. Let us tak&*=P where P is

A possible formula for the worth index is: solution of (P,). The aim is to plan a step by step

GCIP) = 1 .L L [G(B B~ (P o 7) expected evolution in time f@ from P' to P*.
[]..0-F) e The algorithm A,) is then the following:

cJA(Cﬂ)(I”?’) is thus the mean value of gain related to Givenp',c, ,Oicy,

the aggregated performance calculated over all the k=0F":= P

expected values the improvement can BkgF,1,]

in the upper hypercube (Figure 1). Let us note that
the upper bound of the integralis (no quantitative

While ¢, (P) <c, (P)
Compute

* c KRy C =
objectiveP* is specified). Ale (©)P,P)= e € P)
Improve partial performances w.r.t. criteria in

When cost functions w.r.t. partial improvements are o
; A till time k+1

introduced, a natural extension is: . .
. - ‘ Check improved performances be kept in upper
5y 1 [CRR)-GPILAR (g) PP,
«(C)P)= J o hypercubeta A
|_|. (1_P]) PP dpA' B\_ F") —k+1 . .
S B A Note P "the new attained performance profile at
The benefitc,(F,P,)-¢,(P) is replaced by the benefit k+1
to cost ratioS(PuP,)~C.(P). Evaluate overall performance (F*")
oR.R-P) k=k+1
In this framework, coalition A*/maxaf c,)P") End while
. . =k - .
results from a statistical interpretation: indeed, ;l;gfectsoer;es of pointsP"defines the required

of (H)(P') provides the criteria that maximize the
A . . .

Note that this step by step procedure is possible
expectancy  of C(P,R

QA

_c(B)/c(P,P-P N . . .
) cﬂ(p)/c( R R) becauseP remains a solution of¢) with any P“as
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initial profile in the upper hypercube?"—lf**(Ll
norm is used inK;) and no regression is authorized
w.r.t. any criterion). ;) warranties that from any
P* to P*", the improved criteria correspond to the
ones that maximize the odds to reach a high lefrel o
performance at tim&+1. This is an optimum in the
sense of statistics: on an average, the criteridbdbf
warranty the maximal expectancy for overall
improvement a+1. It does not mean that each

intermediaryﬁkcorresponds to an efficient
improvement! Constraining the improvement to be

efficient at each intermediaryﬁkcorresponds to
another viewpoint that is now explained.

3.2 The local efficiency viewpoint

Let us consider again the control problempoffrom

P' toP*. We are no more interested in maximizing
the odds to reach a high performance at eachkstep
as the worth index method suggests it, the strategi
decisive factor is now warranting efficiency at any

intermediary poinP"“.

The basic idea is to “locally” reusePy) (more
exactly P’1)) to define such a series of poing.
Indeed, intermediate poirgsare needed wherp*
appears as an ambitious setpoint that will reqaire
long time before reached. Managers have to define
short terms and progressive improvements for which
it is easier to plan an adequate implementatioes&h
intermediate points can be envisaged as locally
efficient improvement. The guidelines consist in
providing short terms objectives that will be reagh

in an efficient manner and proceed thus, step d&yy, st
until P*. This isA, algorithm:

GivenP' ,C,.0icu

Provide a real series of overall objectivBSsuch
that ¢, (P') < P“ < p* (for example, if P* is
reached in p steps,
P*-c (P)

we may

choose* =c,(P') + k k=1.,p. This

is a mere suggestion; the idea is merely to provide
short terms and progressive improvements).

k=0, =P
. Sk =
While C (P") <C,(P)

Solve (P’;) with P"“as initial point andP“"as

setpoint and bound constraints:
0i,8 =0,8 =1-P’; it provides P*"
k=k+1
End while
The series of pointsP“defines the required
trajectory
This strategy warranties a local efficient
improvement as soon asP‘is reached. The

implementation is both locally and globally effinte

when p* is finally reached. Local efficiency is
another way envisaging the trajectory frg#hto B',
which obeys a different decisive factor as the imne
the worth index method. They correspond to clearly
different attitudes w.r.t. the potential risk tal.fa

3.3 Semantic comparison

From a semantic viewpoint, this second alternasve
close to a control theory modeling, whereas th& fir
one was rather games theory oriented with a
statistical semantic. Both can be easily justigalthe
first one ensures that improved criteria corresptond
the maximal expectancy for the expected overah gai
at any time. The second one relies on a decisional
criterion based upon local and global efficiencgthiB
have advantagesthey are justifiable at any
time—but suffer some drawbacks. Indeed, the worth
index logics will provide the most statistical
profitable criteria but nothing can be said abd t
resulting expected gain. For example, the maximal
worth index can be associated to a criterion wkizze
improvement margin is extremely reduced (the
company’s partial performance w.r.t. this criterisn
already excellent and even if perfection (i.e.,id)
reached, the overall performance will not be
significantly improved. Furthermore, at eaétithe
worth index relies on statistical consideratiors)st
the performances evaluation at timeican be
discouraging in practice! On the other hanBj){
based logics warranties efficiency at eaghf and
only if P*is precisely reached. Moreover, it
necessitates managers to be able to define thesseri
of real valueg*.

4 Criteria contribution and Monitoring

Now let us consider a more quantitative and
theoretical comparison of both control logics. The
basic notion beyond these two strategies is themot
of criterion contribution to the improvement of the
overall performance.

Let us thus consider the following problem: what is
the contribution of criterion in the efficient
improvement from P to P ? This contribution
cannot be a priori computed with initial data Bf)(
P',C,.0icuandP . Indeed, criteria contributions

depend on the dynamics of the improvement from

P to P. Let us consider the following illustration
(Figure 2).

Three possible pathg _, ,, . from P to Pare

represented in the figure 2 example. The global
costC’ is provided by B,): it is the same for all

pathsz, from P to P, whereas the criteria

contributions toCy(F“f) - C,J(ﬁ' ydepend on the path.

The contributions of criterion 1€, j=1,2and 3

Proceedings of IPMU'08



are: C/=A0u.(F-P), Cf=nu.(F-P) and

C =Au,.dp+Au (B - P - dp.

Thus, the a priori contribution of a criterion to
Cﬂ(ﬁ*)—Cﬂ(ﬁ') is not a precise quantity. In the
following, a method is proposed to compute the
lower and upper endpoints of the interval of all
possible values for the contribution of any criter.

The aim is to provide the minimal and maximal
expected profitability. A criterion necessarily

contributes at least up @ =minC’, but it is possible
[c".c"]

characterizes the imprecision of the a priori

contribution of criterioni to C,(F')-C,(PF') .
0, X

the contribution reaches =maxc’.

bissectrice Hy: Xp>%q

C.(R.R)=Du . X+Du . %

T
.

Hal Xa>Xs

C.(R, B) =D 3+ Dy %,

Xy

Figure 2. Contributions and trajectories

We give now the principle of the
[C",C"] computation. This is a three steps
procedure.

Step 1 Non oriented complete graphis first built;
it links all the n! simplexes

H, ={F0f0d" Josk, <.<P, <} together.
Let beH the simplexP' belongs to andH, the

one of P . H, is the source of and H,_its sink.

» ForeacH_, itis checked that there exists at least
one point P(o) that:  0i O{L..;n},
R'<P(@)<F ;

» If there does not exist such a point, thers
deleted as all the arcs whoseis an endpoint;

» Finally, when each nodel, has been checked, a

filtered graph ¢ is obtained.
Step 2 For each noded_in 'k, compute the range of

allowed values for P(o) for each criterioni:
[B" (0); B*(0)] . The computation is given by the
following expressions:

B" (0) = max R, ;B (@)= min

i<ty 7 20 )

such

P

a(j)

(10)

Proceedings of IPMU'08

Step 3 I'r defines a set of pathBath ,k =1.m with
H, as source and, as sink without cycles. For
each nodeH_in Path , we know [B" (0); B*"(0)]
and Ay (o), the linear coefficient of C, for

Let be g™ the set of
such that
and

criterioni in simplex H, .
series of disjoint intervals I, (o)
I,(0) O[B" (0); B**(0)]

U

o/H,ONodeg Path)

with L(1) the length of interval :

I,()=[P";P"]. It can be then computed,

mn Y  Au(o)L(l (o)) and
e o/H,ONodeg Path)
max > M @E)L( ©)
g o/H,ONodeg Path)
Finally:
N _ .
Cl=minmin >, My (0)L(, @)

o/H,ONodeg Path)

C" = maxmax
Path, gl

2

VR D)
oa/H,ONodeg Path)

Note thatC™and C" can be indexed by timk for

monitoring purposes. Indedd,"(k), C" (K] can be
computed at each poinf*of the trajectory from
P'to P'. We have then the following relation:
[CN(K), C" (K] O[ SV k+1), ¢'( kD). It means that
the imprecision related to the contribution of a
criterion to the overall improvement
C,(F)-C,(F') naturally decreases aB“ becomes

closer to® . When P is reached atk=k,

cM(k)=¢"(K), ie. L(C(K) C"(K)) =0: there

is of course no more imprecision related to the a
posteriori contribution. The manager has thus at hi
disposal an estimation in time of the range of
authorized values for the contribution of each
criterion. These computations enable to compare

guantitatively any two control strategies from to

P in terms of criteria profitability. It is illustred in
the following section for the local efficiency atite
worth index control strategies.

5 Case study

The case study concerns a SME producing kitchens
and it is detailed in [12]. The overall objectivietbe
company is to continuously increase its produgtivit
Let us suppose that a partial break-down of the
strategic objective related to the productivityeratto

4 basic criteria is processedtocks, Equipment
availability, Operators’ skill, Quality The overall
performance is defined as the aggregation of tHese

associated indicators with Qﬂ. All the numerical

pieces of information exposed hereafter have been
obtained by asking the management staff according
to the Macbeth methodology [12]. Table 1 provides

the current performancé =(R,...,P ), the
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relative importance of each criterion in the SME
activity and the estimate@y costs to improve the

performances. In this example, we use a 2-additive
C, . In this caseywe have:

1 1
AV +EZJ>i Loy _Ezm Loy where

Vi are the Shapley indexes and thgi)mthe

the

interaction coefficients between criteria and j
(Table 2).

Table 1. Weights, costs and initial performances

Indicators Vi Cy; p'
C Stocks 0.30| 1000k¢ 0.80
C, | Equipment availability] 0.2§ 3000k 0.25
Cs Quality 0.30| 2000kf§ 0.75
Cy Operators’ skill 0.15/ 3 000k& 0.50

Table 2. Interactions coefficients

Interactions between | value
Stocks - Equipment availability 0.30
Stocks - Quality 0.25
Operators’ skill - Quality 0.30

The  current  aggregated performance is
C,(P)=C,(0.8,0.250.750p 0.4t The expected
overall performance isP*=0.9. Solving f,) with

P as initial point and P*=09 provides
5*:(1,1,1,0.636 which corresponds to a global

improvement cost’ =335& €. That is the static
viewpoint of this efficient improvement. Nomy =0.9

appears as an ambitious setpoint so that the manage

makes up his mind to reach it in three years. He ha
then to define the way he is going to achieve this
goal. He decides to set intermediate targets eaah y

this new vector until P is reached. Results are
summarized in Table 3 (right part). Thus, ={C}

first year (maximal worth index is got for
af;*(cﬂ)(ﬁ',ﬁ*)za{icz)(q,)(id,?)zo,013oz) and
P =(0.8,0.650.7505 is  reached,  then

A ={c, C, C} second year (maximal worth index
is got for aFA*(c;,)(ﬁ',?f)=afcrc2q(g,)(iv,P)=0,01147)
and P =(1,0.9,0.8,0.5 is achieved. Last year, it

remains improvement fron®" to P . The manager
justifies his strategy as the step by step most
statistically profitable implementation.

Table 3. Left Part: Trajectory with local efficignc
Right Part: Trajectory with the worth index

1% year 1% year
‘ 2% year ‘ 2% year
3%year 3%year

F | P [P | P[P P | B |F|F

G 0.8 08]0914 1 | 08| o8] 1 1

C, 025 | 07590914 1 [ o025 065 09 1

e 0.75 | 0.759/0.914] 1 [ 075] 075] o8| 1

S 0.5 05| 05| 063¢ 05 | 05| 05| 0.63¢
C,(F) | 0483 069 08 | 0.9 |0.483|0.643|0.768| 0.9

Finally, for a quantitative comparison of both coht
strategies, interval[C"(k), C" (K] (k =3years) that
provides the lower and upper bounds of the

contribution of criterioni are computed withP' as
initial point. Results are reported in Table 4. @oh
« Improvement » gives the coordinates of vector

=*

O from P'to P . Column « costs » reports the cost

The two strategies described in this paper arecorresponding to each criterion for the optimal

envisaged (see respectively algoritinsandA.,).

- Local efficiency logicsThe manager chooses more
pragmatic and short-term overall performances for

each end-year, i.e.,P* and P?. Optimization

problem P,) is first solved with P as initial profile
and P! as expected overall performance: it provides
P'at the end of first year. The®,) is solved with

P* and P?: the result isP?at the end of second
year. Finally, it remains the improvement frad to

P last year. He justifies his strategy as a steptby s

efficient  improvement implementation.  The
computations are summarized in Table 3 (left part).

- Worth index logicsThe worth index is computed at
the beginning of each year. It provides the cidt¢o

be first improved. At the end-year, the performance
vector is observed. Worth index is recalculatechwit

improvement. ColumnscC" (t) and C" (1) give the
minimal and maximal expected contributions for an

efficient improvement fromP' to P . Column 6
(resp. 7) reports the corresponding minimal (resp.
maximal) expected profitability for each criterion.
Columns 8 and 9 respectively give the a posteriori
contribution and profitability of each criterion to

c,(P)—c,(P) when a locally efficient strategy

is applied, whereas columns 10 and 11 provide the
same data for the worth index logic. Note that both
strategies provide opposite effects on this example
the most profitable criteria for one are the lerse
for the other one. Indeed, for the local efficiency
control strategy, the most profitable criterion is
Stocksand the less profitable one Quality; in
revenge, the most profitable criterionQaality and

the less profitable one Stocksfor the worth index
control strategy
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Conclusion experiences.Journal of Scientific & Industrial
Research1999, vol. 58:(3-4) p. 149-159.

[5] L. Berrah, G. Mauris, and J. Montmain,
Diagnosis and improvement indexes for a multi-
criteria industrial performance synthesized by a
Choquet integral aggregatiorthe International

Optimization problemH,;) is a basic useful tool to
determine what an efficient improvement is when the
overall performance of the company is modeled as
the aggregation of elementary performances.
However, they only provide the setpoitt, the : .
expected performance profile for this improvement. Jolurnal. of Management Science, OMEGS08,
That is the static viewpoint of what an efficient vol. 36 :(3) p. 340-351.

improvement should be. The way reachirg [6] A. Neely, The performance measurement
necessitates other decisive factors that will ket t  revolution: why now and what nextfternational
discrete dynamics of the improvement. Criteria Journal — of  Operations and  Production
contributions play a key role in this choice. Worth ~Management1999, vol. 19 p. 205-228.

index and local efficiency logics provide two [7] C. Labreuche, Determination of the criteriab®
different dynamics to implement the efficient improved first in order to improve as much as
improvement that leads t®*. An algorithm has possible the overall evaluatiohPMU’04, 2004,
been provided to compute the expected contributions Perugia, Italy.

of criteria from any initial point t®* . It enables to [8] S.Sahraoui, J.Montmain, L.Berrah and
compare in time control strategies in terms ofeciét G. Mauris, User-friendly optimal improvement of
profitability. an overall industrial performance based on a fuzzy
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Table 4. Expected and observed contributions aafitabilities

. . Observed Observed Observed Observed
Minimal Maximal Contribution | profitability | Contribution| profitability
Cost Expected | Expected (%) (%)
N © Profitability | Profitability Strategy 1 Strategy 2
Criterion | Improv k€ C (1) C (%) (%) local efficiency | Strategy 1 | worth index | Strategy 2
C: 0.2 200 | 0,0099 0,11 4.95-3 5552 0,11 5.55-2 0.01 5.3
C, 075 | 2250 | 0,24 03 1.067-2 1.3F-2 0,24 1.067-2 0.3 1.3F-2
Cs 0.25 500 | 0,02875| 0,06875 5.75-3 1.375-2 0,02875 5.75-3 0.06875 1.375-2
(A 0.136 | 408 | 0,0374 | 0,0374 9.17-3 9.17-3 0,0374 9.17-3 0.0374 9.17-3
Somme 3358 0,41615 0,41615
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