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Preference and causal fuzzy models for manager’s dsion aiding in
industrial performance improvement

Jacky Montmain, Vincent Clivillé, Lamia Berrah a@illes Mauris

Abstract—The design and use of Performance Measurement €Xpressions to be consistently organized with m@sfeethe

Systems (PMS's) for industrial improvement and conbl have
received considerable attention in recent years. tfeed,
industrial performances are now defined in terms ofnumerous
and multi-level criteria to be synthesized for oveall
improvement purposes. This article is a contributio to the
decision-maker’s information needs for optimizing he
improvement of an overall performance versus the #&cated
resources and for choosing the right actions in o to achieve
the required overall performance. The latter is deomposed into
elementary performances according to decision-makst
preferences represented by a fuzzy integral aggreian. The
causes-effects links between possible actions anerfermances
are represented by a fuzzy ordinal influence model.The
proposed fuzzy models are both applied for improveent
actions selection on a case study submitted by a nspany
manufacturing kitchens and bathrooms.

|. INTRODUCTION
According to the current industrial context, mamtdfiaing

objectives of the company. From a quantitative yieint,
performance expressions associated with the various
heterogeneous criteria are in existing PMSs tréglanto a
common reference (generally cost or satisfaction
degree)[3][4[5]. Generally, the overall performandse
obtained by simply calculating a weighted mean lbftree
elementary performances. Many approaches propostt i
literature are based on the AHP method (Analytierblichy
Process) [6][7] for expressing elementary perforcesnon
the one hand and their weights on the other hamdbur
previous studies, the MACBETH method [8] has been
applied to transform qualitative decision-makersfprences
into performance expressions and criteria weightsl a
interactions according to measurement theory reqments
[9][10]. Further, with this framework, we have cateyed
the optimization of the performance improvementading

to costs constraints [11]. But next, to achieve dedéined
optimized improvements, concrete actions has tpléened

systems are sufficiently complex to require adeguahccording to the physical constraints imposed bg th

decision support tools. To succeed in

the multi-criteria performance expressions andrtioeleling

( . continuoUsonsidered manufacturing processes.
improvement, these tools have to include, on the twend,

Therefore, in this paper a fuzzy causes-effects enod

of their pr6ferentia| re'ationShipS, and on theeolhand, the re|ating actions to performance expressions is q[geo

modeling of the causal relationships between thssipte

according to the qualitative engineers’ knowledgéollows

improvement actions and the performance expressiofife same spirit as the propositions developed blx Fé

[1][2].

improvement decision aiding rare:

< the set of the considered objectives to model alogr

to the decision-maker’s preferences,

Thus, the foundations for any performancg12](13], but aggregation and action selection amade

differently. Finally, to meet the expected overall
performance improvements, relevant actions are citiby
an adequate procedure using jointly both the peefss and

+ the set of possible action aimed at achieving theausal fuzzy models.
objectives to causally relate to the performance

expressions,

» the way the preference and causal models are joinfithdamental

together.

The paper is organized as follows. Section Il dectide
concepts required for the expression of
elementary performances and their bottom-up agtmga
Decision-maker’s preferences are modeled by a #Zieeld

In this view, the so-called Performance Measureme@hoquet integral [14]. From this preference modék

Systems (PMS’s), which are instruments
performance [1]-[5], are aimed at aiding managdgsision

to expresketermination of the least costly elementary penforce

improvements able to comply with a required overall

making. Indeed, a PMS is made of a set of perfoomanperformance is deducethen, in Section lll, a fuzzy model

of the relationships between objectives and possibtion is
introduced in order to represent the engineer'swiedge
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Il. A FuzzyY INTEGRAL MODEL OF DECISION MAKERS this simplified model, only interactions by pairk aiteria
PREFERENCES are considered. The 2-additive Choquet Integ@) (can
then be expressed in the interpretable form asvisti

This section briefly recalls the fundamental contsep Cl(p,, p,.....R )=, RV, 1 >l | p- 9| 1)
required for the expression of elementary perfocearand i=1 2

their bottom-up aggregation to obtain an overatfgrenance
according to decision-maker’s preferences (moraildetre
exposed in [9][10]). Then the problem to achiewveguired o )
overall improvement according to cost constraints o!N€ V;'s are the Shapley indices, representing the
elementary performance improvements is considelrgd | importance of each criterion relative to all théaest, with

A. Elementary performance expressions Zn:,,_ =1: |, represents the interactions between pairs of the

Broadly speaking, a performance expression is &ggc Tt . . . .
with a given objective and can be defined as afsation CHteia (. 1) with values contained in the interval 1]. A
degree. In practice, elementary performances dmened by vglug 1 means a full positive synergy betwe:-er) the two
the so-called performance indicators [2]. They kkefom  Critéria (they are expected to be simultaneouslified), a
the straightforward comparison between the objestiv value of-1 |nd|cat_es a full n_egatlve synergy, and a null galu
(obtained by the break-down of the overall consder means that the criteria are independent [16].

objective) and the observed measurements (desgrihi®@ C. From overall to elementary performance improvements
actual process or activity taking place). Hencege th

i>j

with the property thaty, —% ZM i ‘) >0.
i

performance expressions can be formalized by thewing Once an improved overall valu@ > p,,,, has been
mapping [2]: fixed, the manager is faced with different ways of
P:OxM - E achievingp™ due to the fact that there exist many elementary
(0.m) - P(o,m= improving vectorsd =(J,,, ,...,d, )such that:

O, M andE are respectively the universes of discourse of CI(B+3) = p*
the set of objectives, the set of measuram and p the H (p*+o)=p
where

performance. The key point in differentiating tiigd of P=(R P R)
performance expression from conventional measurenien Performance vector such thaf . = CI()

the comparison of the measurements acquired with an

objective defined according to the control strategyo aid the manager, we propose to introduce cost
considered. Thus, the mappiRgis usually a ratio, a relative information ¢ (p,d) for each elementary performance

difference, or a normalized distance [2]. improvement. Then, we consider the least costly

is the initial elementary

B. Aggregated performance expressions improvement, i.e. the one which minimizes
1) Generalities (B8 =S p)

The aggregation of the performances can be exgressan (P.9) .2_1: G(R.9).

operation that synthesizes the elementary perforesmimto The optimization problem (denoteB;) can then be

an overall expression. Hence, the performance 8880 formulated as follows:
can be formalized by the following mapping:

Ag: ExEx.xE - E _ ,
. Objective function

. (pll p2""'pr|)_’ Rveran = Ag(pv R.,-v R, E minc(ﬁ,g)
E' is the universe of discourse of the elementary _ Constraints _ _
performancep =(p, p,,...,n,) and E is the universe of L C,(p+d) = p* —(Behavioral constraift
discourse of the overall performan@sera O, 0sd<il-p (Bound constrainjs

2) The Choquet integral aggregation operator:
The performance criteria are supposed to be claizetl by
subordination as well as preferential interactiaations. In
order to take both these relations among criterito i
account, our aggregation model is based on a fGioguet .
integral [16]. It allows to consider the relativegortance of ~ Hy ={ pof[o.9" /o< p, << p, < % '
a criterion and the mutual interactions betweerctiteria.

The piecewise linearity d€l enables to tackle the problem
as a linear programming problem. Inde&d,behaves as a
weighted mean on each simplex:

' This remark enables to break down the initial peabl
In our framework, we use a particular case of ClOQUinto n! linear programming sub problems [11].

integrals, based on the so-called 2-additive meafls]: in



lll. A FUZZY CAUSAL MODEL OF Therefore we propose to represedit and D by fuzzy

ACTIONS/PERFORMANCES LINKS sets defined on the universe of actions by noriimgizhe

degreesd™  between 0 and 1.
The above model only captures preferences of theg L

company managers without further considerationandigg 1) Support membership function of performapce
the physical constraints behind the improvementatien. s ) ) N
However, these constraints cannot be ignored taguleke s.(g) =4/ - action a influences p positively

implementation of the improvement project. In thesction
we introduce a fuzzy relationships model betweetioas
and performances, inspired from Felix [12][13]ald to the
selection of actions. Indeed, industrial improvetmiennow §
considered in terms of concrete actions to beedout to ~ d.(a;) =9; = action a; influences p, negatively
achieve as well as possible the elementa

performance$* = (p,...9 ..., ) which have been specified
by the preceding optimized improvement (sectio@)LI. B. Influence of a set of actions

(supportsp, ) with degreed,js, else 0.

2) Distraction membership function of performarnge

r
eﬁistracts fromp, ), with degreed,}j , else 0.

A. Performances and actions relationships Les us notgp’ the set of elementary performances to be

The relationships between possible actions anghproved that results from solvin@4) (i O p*, p>p)
performances’ improvements are generally quite derp

while related to the manufacturing physical proesss
Therefore available engineer's knowledge can often required Qidp°, p =p').
expressed only under the form of the qualitatiiiuénces
of elementary improvement actions. L& be the set of
potential actions and let us consider for each eteary

performancep, , as proposed by Félix [12], both the @);

and p°the set of criteria for which no improvement is

Hereafter, we present a procedure for selectiagt @f
actions SAR aimed at achieving the performancespin
The setl refers to the subset of indices for performance
inSAR, J the subset of indices for actionsSAR n § ,

of actions @; that support an improvement gf with a o _
and J;” the subset of indices for actionsSAR n D, .

S . = .
degree J; and the setD, of actions &; that distract The proposed idea is based on the question: how

from p, with adegreé,? : influential any set of actionSAR for p"is?. Our answer

Thus, relationships between actions and performanoe consists to define first the influence degree &AR with

be represented through a digraph (see figure th that: regard to each elementary performarg by:

ij? o At I

O action a,0 p Oi,s. (SAR) = min &7, when min &° > maxd’ else 0 (2)
N T A jog;* j0g; jog;

arc, = +5; when a ]

§ This formula means that the influence degree ivelat
arc, = -5; whenall D

top” is the minimum above all the influence degreealbf
the actions composirfgAP, but under the restriction that

+ 0 +
R F'p - R the minimum positive influence is higher than thaximum
X\ negative influence. Note that averages on theedsgrannot
3y be considered because this operation, unlike mimaax, is
+8y; B oy not meaningful for ordinal values Then, the infloerdegree
+8, g, of the set of actionSAR, i.e. relative to all the elementary
a & .. & ... g performances ofp”, is defined by:

Figure 1: Actions/performances relationships model

S - (SAR) =mins (SAR)
Let us remark that in most industrial practical esas 0P o
thedijs‘d‘s cannot generally be defined on a cardinal scale, whertli Ll p°,s, (SAR) >0, else 0 3)

and therefore they cannot be added to the perfaresan _ _ o
Indeed, they are only considered as ordinal inféionaThe The choice of the “min” operation in formula (3pts to a

. . s . form of veto upon any performance criterion. Thtmodels
higher - the influencey (resp. 5'?)’ the higher  the a cautious viewpoint in the lack of knowledge abthg

improvement (resp. damage) with regard{o importance of each elementary performance on tteratlv
one. By considering the contribution of any criderito the



overall performance improvemedt(p’)—CI(p'), which Apply the set of actioBAT,,
is related to the latter and to the weights and | Measure the achieved elementary performances
interactions, , aw, weights distribution can be assign to the| P= (P P R)
It Povear = CH(RL Py )< P thEN
If P=(P, P, ) is in the uppercubkp'; p]
then return to step 2

performance criteria (the details of th& definition are
described in [17]). Therefore, formula (3) can bagted as

follows: Else return to step 1
s . (SAP, (W) =minma{l- w s SAR) End if
p iOp* A End if
whertli 0 p°, s, (SAR) > 0, else 0 (4 | BN
Finally, all the subsets of the sets of all actidtigere To deal with the large combinatory (related to the

are2* with k the number of possible actions) are representétimbers of actions and of elementary performanaes)

with the fuzzy membership functioss, (SAP, ( \),) . These branch and bound solving method can be used. byl
P ' that this procedure provides only an aid to theidi@c

fuzzy sets which reflect the ordinal influence bétactions maker. Due to the approximate aspect of the actions
can then be used to aid the decision makers’ tecs¢he performances model, the applied set of actions afi#n in

ﬁCtionfSt to carry out. One aiding procedure is psepo practice not provide exactly , but only a close value.
ereafter.

C. Procedure of action set selection IV. CASE sTuDY

To select a relevant set of actions, we proposmtsider The case study concerns a SME producing kitchens,

the a-cuts of s, (SAP,(\),) denotedSAM,. The latter bathrooms and storing closets [18]. The goal ofcthrpany

P ) ) is to continuously increase its productivity and ttustomer
correspond to the sets of action that influence teistaction. At this aim, managers have to idgrtifd select
performances inp”at least with a degrese actions able to improve the company performancthése
SAN, ={ SAR/ sp+(SA|§>,( W)=d . areas. In this view, .a.top-ma.mageme.nt stra.\teg.ieodibje
related to the productivity rate is thead timewhich is a key
success factor to be improved. Due to a new maturfag
line, thelead timeperformance is currently not satisfactory
and the plant manager is looking for improvemetibas.

The highera is, the higher the positive influence is.
Note, that it is possible, especially for high alof q,
thatSAT1, =0. Therefore we considera,, such that:

Oa<a,,, SAl, #0; SAMN, .. is the set of actions that

leads to the highest minimal influence on the penfinces First, our modeling approach consists in breakiogm the
defined by p* according to the available ordinal causest€ad timeto the various levels of the hierarchical decislona
structure of the company. Figure 2 provides a fiestel
can be very small, break-down into 4 basic criteria to be used to ssdbe
and the expected small effect will be insignificamith  operational ~ objectives: Work-in-progress,  Bottleneck
regards to the required one. Therefore, we inttede productivity, Internal logistics, Missing produdtss].
min_influence_thresholunder which it is recommended to

effects information. In some cases

Max

lower the performancp by a valuee to be defined by the
decision maker. The complete proposed algorithm is

described hereafter. (
0;: Work in ) 0,: Bottleneck
productivity

Define the objectivey’ progress leve
Step 1 Compute the most efficient elementary
improvements " =(J; ,J, ,...0, ) and the associated

03! Interna
logistics

0y Missing
products

Figure23:Lead timebreakdown

elementary performance(sp* p _ 91 ) with (P) The elementary and overall performances as wetha<ClI

oo ! aggregation parameters have been determined thartke
Step 2Compute the criteria irp” to be improved first expertise of managers gathered according to thebithc
Establish the weights distributio(n/\ll)i:1 ) methodology [18]. The obtained CI parameters are:
ComputeAr,, v,=02v,=025v,=035v,=02

<min i

If a m|n_*|nflu*ence_threshol l,, =-015 1,3 =+025 1, =1, =1,, =1, =0
Changep = p —¢thenreturnto step 1

End if



The current performance state is characterized ey tThey agree with

following set

an overall performancep,, =0.41. This current state of the
company is not satisfactory as shown figure 3.

the following actions/performances

of performance expressions  denotefhationships ordinal information (see tffed in table 1).
p' =(0.50,0.271.37,0.53)eading by applying equation (1) to

Table 1: Influence of actions on elementary perfamoes

100
0,80
0,60
0,40

0,20

pl p2 p3 p4

Figure 3: The current and expected performances

The plant manager expects an overall performance
Poverai
achieve this overall performance. By solving
optimization problenP; with the following elementary cost
improvements  ¢p, =2, cp, =1 cp, = 125, cp, =3, the
least costly improvement vector s: =(0.76,1,1,(3).

This result is quite intuitive though it is cledwat p, andp,
improvements are less costly than ghendparticulaly p,
ones. Thus, it is recommended to impropgeandp; to 1,
while p, is not modified, p, being improved t0.76

Then, the plant manager has to look for action® dbl
achieve this set of elementary performanges In the

considered manufacturing context, well known actiare at
disposal to improve thelead time performance. The
difficulty is to identify the most relevant onesdato select

the best ones in order to achieve or at least teecoearp” .

After a discussion between the plant manager ard th

production lines executives the proposed possibleorzs
are:

p a1 az a3 h as as
p, | 0.25| 0.4 0.2 0.8 0.6
p> | 0.27 0.6 0.4 0.4 -0.2
O Current state ps | 0.37| -0.2 0.8 0.4 -0.6 0.8
B Expected state p, 1049 0.2 1 -0.2| -0.2

=0.85 for July 2010 and he is looking for the waysto .
the

Knowing the current state =(0.50;0.27;0.37;0.5;, the
expected overall performangs,..,, =0.85, the expected

elementary performancgé =(0.39,1,1,049), the fuzzy sets
sp+ (SAP, ( W,) can be computed by applying formulae (2),

(3), and (4), and the solving of the action setettilgorithm
(section 1ll. C) gives:

» the set of the elementary performances to improve
equal top™ =(py, p,, Ps) »
the set of unchanged elementary performances
equal top® = (p,) .

of

In order to avoid carrying out too less influenciagtions,
amin-influence_threshold 0 2is set and in a first simulation

all the weightsW, are set td.

According to this information, the algorithm of icts
selection provides the following result:
sAl, ={a a @ witha,, =04.

This result can be interpreted in the following way is
selected because it improves both, and p;, and a;
because it improvesp,. Unfortunately, a, distracts
from p,, thus it entailsa, to be carried out to compensate
the negative influence ofasonp,. Nevertheless, the
minimal influential degree o8A1, ={a, g, & is higher
than the threshold value 0P, thus the subset of
actionssA, .. ={ a ,a ,a} can be launched.

a max

e To carry out kanban in the upstream flow noted

(&),
* To develop the Total Productive Maintenaneg )
» To generalize the “Andon” display syster, {,

* To localize the furniture parts thanks a RFID shi

(ay),
* To carry out a one piece flow for the downstrea
flow (ag).

By making different simulations, it appears cleatthat
the min_influence_threshol is a key parameter in the

selection procedure. Indeed, the plant managetbeamore

FSjemanding by increasing the threshold. Thereftwe stibset

is reduced, i.e. only the very influencing actiane

amax

nl§ept. The manager can also keep the same thresimold

reduce the subsep® thanks to a lowering of the overall

« To carry out a milk-run picking system for the®XPected performance.

assembly postsa ).

! For sake of confidentiality the costs are definach relative ratio scale
instead of monetary amounts.

To illustrate this aspect, let us consider a higl#ue of
0.4 for the min_influence threshol. In this case

=0, and the plant manager revises the overall

a max



expected performancg to a lower valuep,,,, =0.75

(return to step 1). The corresponding revised sét &l

elementary  performances {$=(0.5,1,0.870.53). So

p* =(p,, p;)and the actions selection algorithm provides?]

An, ={a} witha,, =0.6, a value greater than the

min_influence_threshol.

In fact, in order to have a good view of the poitiisss for
improvements, the plant manager has to simulaterdift
values of the parametemsin_influence_thresholande. In

addition, sensitivities to Choquet integral parargt costs,
and influence degrees may be of great interesthi@rfinal
decision. At this aim, a user-friendly software usder
development.

V. CONCLUSION

This paper proposes decision aiding functionalifies
action selection in industrial performance improeatmwhen
decision-makers are faced with interacting muliecia and
multi-level objectives. Our approach clearly sepssathe
strategic manager’'s preference model from the dipei
causes—effects model. Indeed, a 2-additive Choiqtegral
represents the manager’s preferences under artiarfatyn
that facilitates the search of optimized improvetaem
terms of minimal cost. It thus provides a poweHttkfact to
capture the overall performance of the company tnd
reason about it from a managerial decision viewpoimm
integrate the physical operational constraintsjzayf ordinal
influence model representing causes-effects lingvéen
possible actions and performances has been ebblis
according to engineers’ knowledge. An iterative gadure
has been proposed that conciliates both fuzzy reottel
identify relevant actions that comply with the ialty
assigned overall performance improvemehhe approach

has been illustrated on a case of productivity smpment of
a SME.

The case study has highlighted the need of a sudttem| to
simulate different values for the different paragnst
involved. In other respects, the combination ofuiefice
degrees has to be further studied in relation thighmore or
less cautious behavior of the manager.
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