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Thetrandation of will into act:
achieving a consensus between managerial decisons and operational abilities

J. Montmain andF. Trousset

Ecole des Mines d’Alés,6 avenue de Claviéres, 3@34s Cedex,France
(email: jacky.montmain@ema.fr, francois.trousset@dr).

Abstract: In the current industrial context, strategies rlied to bring about continuous improvement
have to include the multi-criteria performance esgsion aspects. A MAUT model is proposed in the
first part of this paper: it captures the managetgitegy in terms of performances improvement. The
search of an efficient improvement is formalized aas optimization problem. Nevertheless, MAUT
models address purely managerial decisions butaddnelude the material constraints related to the
action plans that address the required improvenfequalitative model is thus proposed to suppag th
implementation part. It models the relations betwgeals and actions to define the most relevambract
plan. Finally, a unified framework is proposed tmciliate managerial and implementation aspectmin
industrial improvement project. It integrates afprences’ model for the managerial aspects andR CS
model for the operational aspects. Both modelscargointly run into an iterative process to defare
efficient improvement.

Keywords Management, Industrial performance, Performangeorement, Efficiency, Multi Attribute
Utility Theory (MAUT), Optimization, Constraints 8ang Problems (CSP).

1. INTRODUCTION

To deal with the complexity of the current indudtiantext,
new control strategies intended to bring about ooiotis
improvement have to include, on the one hand, thkigriteria
performance expression aspects, and on the othsd, ithe
modelling of their relationships (Bititci, 1995; Beh et al,
2001). Indeed, control strategies have to defimenpare and
choose action plans with regard to the relationsthgsveen
performance expressions (Bititci, 1995). The Pentoice
Measurement Systems (PMSs), which are instrumersispgport
decision-making (Bititci, 1995; Neely, 1999; Kuerey al,
1999), fulfill that purpose. From a global pointwéw, a PMS is
a multi-criteria instrument for informing decisionakers about
a variety of different things, e.g. the level ofrfpemance, the
reasons for poor or good performance, and theriexiter which

et al, 2004). MAUT models enable to provide the synthesi

the elementary performances into an aggregated tms:

aggregated performance may be interpreted as tregalbv
performance of the company, a concept of common iose
industry. They also enable to highlight the priestin the

decision-maker's strategy (Berrat al, 2008). Finally, they
make it possible to compare any two described sitositby

means of their elementary performance expressidhsir(
performance profiles). Thus, MAUT models are to besidered

as preference models.

As soon as the model for aggregated performancebkas
established, mathematical formulations can be aged to
design strategic performances improvements (Beethal,
2008 ; Sahraougt al, 2007a; b; Labreuche, 2006): these works
provide solutions for choosing the partial perfontes to be
improved first from a managerial point of view. Howeuhey

improvement is required. A PMS is made of a set of0 not enable to choose an action plan for impigvihe

performance expressions to be consistently orgdnizdth

respect to the objectives of the company (Begtlal, 2001).
Then, in order to support the decision, the sepeformances
has to be processed so as to compare the diffsimttions.
PMSs thus require by nature the use of multi-datenethods

company’s performance, except in trivial cases.(evgen there
is a one-to-one relation between actions and partial
performances). Hence, it can be objected that MAUTdet®
only capture managers’ preferences (ideal worldraadagerial
decisions) but do not take into account materialst@ints (real

(Santoset al, 2002). The main quantitative frameworks used iword and implementation decisions) that may pret@michieve

the PMS literature are aimed at reducing the dimoaadity.

Thus they are a product of the MAUT (Multi Attributdility

Theory) aggregation model school (Diakoulakial, 1992; Lee
et al, 1995; Rangone, 1996; Kim et al., 1997; Suwigrjale
2000), even though few studies are based on outr@mkbdels
(Mareschakt al, 1991; Babiet al, 1998).

Aggregation models allow defining aggregated perforcea
w.r.t. the different elementary objectives of thenpany (Berrah

the expected improvement.

This paper aims at clarifying this objection agaifdAUT
models for industrial performance improvement. Bect2
provides some recalls and discusses the naturedaidggregated
performance. The MAUT model is seen as an explicit
representation of the tacit managers’ preferengstes. The
concepts of improvement and efficient improvement a
formalized in this managerial framework. Sectiom&dduces



constraints of the real world. That is the impleraénh part of
the performance improvement design.
representation is proposed to model the relatiat&den goals
and actions and then define the most relevant ractitan

satisfying all these constraints. A unified framewdskfinally

proposed in section 4 to conciliate the managesiadl the
implementation aspects of industrial improvemenrd aives a
better idea of the complexity of decisions conasgnindustrial
improvements. Most of the studies mentioned in théper
concentrate on the managerial part or on the impitation
part, but do not consider both aspects at the samee Thus, our
method is not compared to the other methods tleatederred in
this paper; our aim is only to clearly identify thele of

preferences models and constraints models in tegmef an
industrial improvement project.

2. THE MANAGERIAL ASPECT OF IMPROVEMENT

2.1 MAUT: a model of preferences

Defining an improvement in the multi-criteria cornterf
performance raises some problems. First of all,mnst be able
to compare any two described situations by meansheif
elementary performance expressions.

of decision-maker’'s preferences to be captureche a@nalytic

A gualitativéorm g and the wayg can be identified.

2.2 Industrial performance improvement in the MAUT
framework

Let P'be the initial performances profile of the compamgd
P" its final one, i.e.P' =(P',...,P ) and P* =(P",...,P") in
our multi criteria framework. Expressions of perfamaes can
be built as elementary utility functions (Berrathal.,, 2001). The

evolution from P'to P%is considered as an improvemsfit

P is preferred td® . An experienced manager is supposed to be
able to assess whether there is or not improvemergirbply
observing both profiles: an experienced manages tplicitly
uses a weak order relation between any two perforrsance
profiles. Furthermore, the manager can mainly esgpnécher
pieces of information: beyond the ordinal knowledigeuses to
rank any two company’'s results, he is often abladsess an
intensity degree to his preferences which correspomd a
cardinal piece of knowledge. This managerial knowhis
related to the manager's tacit model of the comjgany
development strategy.

The minimal formal model of improvement is thus:

Decision support can thus consist in reducing theedsionality
to facilitate this analysis. Indeed, human beingsegally cannot
make rational decisions as soon as more than 3coitsia are
concerned. The MAUT,.e.,, Multi-Attribute Utility Theory
(Fishburn, 1970 ; 1982 ; Keeney et Raiffa, 1976&)vjles the
necessary tools to tackle this problem.

The representation of preferences is a centrat twpdecision-

making and measurement theory (Modaval, 1998). Usually,

Representation of preferences and
P'andPf be two performances profiles.
propositions are equivalent:

(1) PF =, P',i.e. PFis preferred toP' w.r.t. the strateg$ of

the company;
(2) A substantial improvement has been achieved lestwiee
two observed states of the economy’s company.

improvemetniet
Both following

it amounts to find a real-valued utility functidd such that for
any pair of alternativesX, Yin some seKX of alternatives of

interest, X>= Y (x is preferred toy) iff U(X) 2U(y). When

n
alternatives are n-dimensional, i.eX = |_| X , a widely

Now, let us define an improvement in the MAUT framekvof
guantitative evaluations of performance built asnentary
utility functions. In this case the overall perfanteP of the

company is modeleda® =B_ .= d(R,..,P).

In the following, let us note = (R,...P), P=9(P,..,P).

i=1
studied model is the decomposable model of Kraettzal
(Krantz et al, 1971), where U has the form
U(X,-% )= g(U(%),..,y (%))where the u,(.)are real-
valued functions. Assuming that is a weak order oX , it is
known that a representation wit being strictly increasing car

be foundiff > satisfies independence and is separable

(Krantzet al, 1971).

Aggregative framework for improvemehet P' and P™ be two
performances profiles. Both following propositionsre a
equivalent:

(1) g(P)2g(P) - PP, ie PF

P'w.r.t. the companys policyS where g captures the
company’s strategy in the aggregative framework;

(2) A substantial improvement has been achievedd®st the
two observed states of the economy’s company.

is preferred to

The MAUT is based upon the utility theory which is
systematic approach to quantify individual prefees Utility
theory consists in interpreting any measuremeiat satisfaction

42-3 Efficient improvement

Once an overall performance expression has beerinebta

degree in[0,1]. O is related to the worst alternative and 1 ® t(90) ha§ beer_l identifigd), the pro_blertn 's to help theisdien-
best one. Measurements are thus made commensiaatile Makers in their analysis by considering the way qerance

interpretable. In this way, a utility functiod,(m) is attached

could be improved. Indeed, decision-makers genekalbw the
actions that have to be carried out in order taease one

to each measuremet ; the MAUT then aims at providing the elementary performance. Their problem is to desin

improvement that leads to the required overallgremrince with

synthesis utility U that brings an answer to the comparisom minimal increase w.r.t. each elementary performane. a
problem of two described situations by means ofirtheminimal additional cost related to each of themisTimotion of

elementary performance expressions (their
profiles). Many MAUT studies concern the necessaoperties

perfoce@n optimal improvement is directly related to the ogpic of

efficient improvement. Indeed, the notion of effisty both



implies the objective to be reached and the alionaif
resources (costs, efforts, means, risks, etc.)caged to the
improvement: an improvement is thus efficient ify aastrictive
modification of its allocated resources necessaeihyails a
decrease of the overall performance.

Improvement characterizationa controlled improvement @
performances fromP' to PF that induces a co and leads td
an evolution such th& =P - g(F )=  P) can be
characterized by its overall performance g
g(P") - g(P) relatively to its cosC . The higher the overa

performance gain and the lower the cost, the mdieiesft the
improvement.

Let P' :(FII,Fé,
p' = g(|5') the associated aggregated performance.
problem to be solved is to identify the most “dffitt” strategy

F: )oe the initial performance profile an

to improve the overall performance.,e. the least costly

improvement of the elementary performances to aehien

expected overall performanée > P' . What is the minimal

investment w.r.t. each criterion to red®H? It consists in
computing the improvement vector that requires animmel

investment. Let us not®” =(J; ,d, ,...,J, ) the solution to this

problem. d"is thus associated to the most efficient strateg
w.r.t. a giveng(.)model and a predefined set of cost function<?;

associated to each criterion of the PMS.
Let us notec (R,d)the cost related to partial improveme

from P toP + 4 . The cost function for an overall improveme
from g(P) to g(P+d), with P=(R,..,P,)and  =(4,,..,4,) ,
is then (costs separability assumption):

c(P.9)=2.6(R.9)

i=1
The search of an efficient improvement can therioomalized
into the optimization problenPy):

Objective function
minc(P,d)
Constraints
g(P+9) = P* —(Behavioral constraint)
i 0, 0<L; =g <1-U; -R —(Bound constraints)
where L, and U; are threshold parameters issued from

of concepts such as efficiency under the form dingigation
problems. It thus provides a powerful artefact tpteee the
overall performance of the company and reason ibver

3. The implementation aspect of improvement

3.1 Goals and actions relationships

The MAUT framework merely captures preferences of the

Riltompany’s manager without further considerationsngigg the

| material constraints behind the improvement impletetgon.
However, these constraints cannot be ignored to wletig
implementation part of the improvement project. ShMAUT
models for overall performance have been criticiredFelix,
1994). Felix explains why there are some troubles to ariprio
d postulate that decision making should be performad
TrRggregation operators based on a few general ax(&eis,
1994; 2008). In contrast to that, he claims thah&uo decision
makers usually do not describe their goals by fdasand
renounce the use of axiomatically specified opesaito order to
work out their decisions. Instead of this, they @ntcate on the
estimation of which goals are distracted by whicleraktives.
Furthermore, they evaluate this information (whichriost cases
is uncertain) in order to infer how the goals doatebon each
other and ask for the actual preferences of thésgdée then
determines for each partial performaiftethe setS of actions
y that support an improvement & with degree//; and the

set D, of actions @, that distract B with degreg;. From

ntthese considerations he provides relations betwednrmances
nexpressionse.g P assistsP, when S U § and § U D .

For sake of simplicity, the uncertainty degreg; is not

considered in this papery; 0{0;1} is a mere Boolean

parameter.

He concludes that a conjunctive aggregation model is
appropriate for cooperative goals, whereas a disgerenodel
should be preferred when goals are independentrapetitive.
From his viewpoint, the aggregation model shouldblased
upon the analysis of physical constraints affeterthe potential
improvement action plans. In this way, the aggregatnodel is
no longer the expression of strategic preferenteslearly
differs from the MAUT philosophy in section2. This
controversial point will be discussed in section For the
moment, let us simply consider the notions of adticand

thfftalationships between actions and goals as intradbgeFelix,

application (e.g. improvement w.r.t. criteribrcannot exceed i.e. the implementation part of industrial improvementustrial

30%).

A second associated optimization probler®,)( can be
considered for efficiency characterization: it dets in
computing the maximal expectable improvement fogieen
additional investmerdB . (P,) is defined as follows:

~ Objective function
maxg (P +3)
5

Constraints
c(P,d) = 0B —(Behavioral constraint)
0i, 0<L, <J <1-U, -R —(Bound constraints)

improvement is now considered in terms of actionsetplanned
to achieve some goals that have been specifiedvie¢ése. That
is a complementary viewpoint to the managerial viempm

section 2. In the next subsection a basic impleat&mt is
proposed to compute the adequate actions to beedayut in

order to achieve the goaﬂ§ related to eacR .
3.2 Convenient and permissible action plans

Let us note the partial performandgd =1.n, their assigned

goals P',i =1.n and the actiong;, j =1..p. An action a; may

preferences into an analytic form that facilitaties introduction



performance indicators relations can be represetiteiligh a _ it ng action in D, is carried out, then any action plan with at
digraph such that (see example in Figure 1):

[ action a,n indicator P least one actiorg; in S is a partial convenient action plan
for P;

- if m actions inD, are carried out, each of these actions must

arc, =+1iff a, 0§

arc =-1iff a 0D

. , . be compensated with at lea3actions in§ .
Let us note the partial performances to be improvéd

(POP" = P>P)and PP(POP° = P =P) when
no improvement is required w.r .

A permissible action plan corresponds to a set tibes that
conjointly improve all the partial performances R . Then let

us consider the following arcV, (K). It takes its value in

{0,1} and has the following meaning for action pkan

. . Fig. 1: an influence graph
V. (k) =1= a is applied
Ll ]

Vu(k) =0=a is not applied Let V,I=1.n be partial convenient improvements for

V(K =w=V(K=10Y(K=0 P,i=1.n. A permissible action plannV, can be deduced

) from the\/i 's if the partial convenient improvements are
The w case corresponds to the case when acapnhas no o . . L
compatiblej.e., when the following constraints are satisfied:

influence on P (w is a Boolean variable such tlat= Oor 0G,i ) 04..;n}2.V, =V () orV, =@ (1)
’ RN ] |'J j

w=1is of no influence w.r.tP) or action a; is not necessary Hence, the following rules state:

w.r.t. P’s improvement .

Finally let V, (k) =[V,(K...\, (K] be a convenient action

- if there existi,i" such thatV, =1and V,, =0 then no

permissible action plan can be found from Yhés; constraints
plan for P gp* (.e, it improves partial  are incompatible (there are constraints’ conflicts)

performancd [J P*). The following assumptions are made: - If OioJyo2t” V; =1 [resp.0] and [li DJ—'VU' =)

- the gain between actioa, and partial performancé is a then actiona, is a permissible improvement for thé 's
purely qualitative data: it is simply known that 0S or  [resp. &is an inadmissible improvement] if and only if
a, [ D, (represented as a directed signed graph in Figure 1) 0ing, Wiy = 1[resp0].

- if a 0D is applied, then at least two actions & are to be Several solutions may be got forV, from theV,'s when most

of the constraints are of type (Il). Furthermoregvesal

performed to compensate the effect of actioonP . N o
! ' familiesV, ’s can be generated (see example in Figure 1).

The graph in Figure 1 means:
- partial  performance  improvements  are  expectefihe problem thus consists in (1) generating all fetial

w.rt.RandRinP"; convenient improvemen¥, for eachP [J P", (2) computing all
- partial convenient action plans for B are: the permissible action plans\V from the combination of

V(K =L ww,..wlk=1.2"", compatible partial convenient improvemevfts The search of

V.(K) =[wl w,...w] k= 3P 4 1.3.972 an acc_epta_ble action plan in this quali_tative rgpmaation is thus
formalized into an elementary constraint solvinglppem (CSP).

- partial convenient action plans fdﬁ] are:
V (K =[@0,@ 1w wlk= 1. 97 The algorithm complexity is not a problem as long the
n - A Rad RAMLE J)Y 3 n\ = .

number of relations between the and a is limited (if all the

— — -2) (§-3)
V(K =lw0.w,. ww,.. 1K= 27+ 1.32 actions @, influence all the performand2 the problem isp-

—_ — -3) (A1)
V(K =[wlw,..1, @,.10k= 327+ 1.2 complete). In practice, this condition is verifieahd the
More generally a partial convenient action plan Ry P'is of MmatrixP X a is sparse. Furthermore, to solve efficiently the
type: problem, some heuristics can be introduced suc$taasing to

study the R 00 P" connected with the minimal number af .



Then theP, O P" in relation with a minimal number o, but

having the maximal number o, in common with P are

studied... and so on, to incrementally construet plermissible
improvement action plan. With such an approactctmplexity
of the resolution is decreased by removing the rmgatible
subsets as soon as possible.

At the end of the process, a configuration vectdhefaj is got

where some of them may still have t@evalue which means
that several permissible action plans may be egeisa

To enhance this problem with quantitative values ftobe
P % @&, gain matrix and discrete finite set of values feg &, s
(e.g more than 2), a CSP approach can still be used.

3.3 Efficient improvement

Let us note(NV,), the permissible action plans related™o.
A cost C; is then attached to each act@n Hence, the cost

C(.)of (NV,), is:

C((m\/l)k)=zp:[(m\()k]1.(; ([(nV),], =1 when action

j=1
a, is processed else 0).
An efficient improvement is thus defined as:

Argmin C((nV),)
The search of an efficient improvement in the immatation
viewpoint is first based on a CSP, and then theoactilans
(NV;), with the lowest cost are enumerated.

In this framework, improvement costs are directlated to
actions and the interpretation is obvious. In theAUM

Nevertheless, Felix’s critical analysis of currenAWT models
for industrial improvement cannot be taken for gedn Let us
take a common example. A father may wish his soretgdnd
at school and to be a great football player; algiobe knows
that learning lessons at home and spending onas filaying
football are incompatible hobbies. The father'seastptions are
not necessary well-matched with the son’s abilitidhe
ideological question behind this could be “Is wagldverned by
preferences or abilities? “. Furthermore, the fathay be fully
satisfied if his son becomes any white collar worked a
respectable football player in his village: it meahat the boy
does not need to work as a minister or to play falbtm
Manchester United in order to be the pride and jolyi® father.
There are non-linear behaviors in the father’s gmaices that
prevent any a priori classification of competitiwe cooperative
goals. As a consequence, the way Felix proposesasify
goals reasoning about the actions that supportdéutérd them
may appear as a common sense attitude but it ismobvious
in practice.

An iterative process is thus proposed in order tth@imanagers’
expectations and the workers’ abilities might cogeeto a
satisfying compromise. The MAUT model of section.2, the
managerial aspect of industrial improvement andgthed-action
model of section 3 i.e, the implementation facet of
improvement, are conjointly used to support thisrative
process.

First, managers express their preferences in tefragsategy and
a MAUT model is built to capture their preferencespeoposed

in section 2A global objective P is assigned to the company.
This objective is then distributed onto partial fpemances.

Next, the set of partial performand?s to be improved first is
computed thanks to the optimization probleR)(in section 2.

TheFi’* 's are computed. That is the managerial part of the

performance improvement design. Secondly, the rstito
achieve these improvements are computed thanksetonbdel

framework (section 2), costs are associated to gbartin section 3. The efficient permissible action ldhat warranty

performance improvements(P,d ) : in general, several actions

are permissible to improveP to P +¢J . It means that

improvements w.r.t. thB [J P"'s are computed. Because data
in the CSP problem are generally qualitatively knpwenly

¢(R.g)can only represent an average cost in the MAUfmprovements w.r.t. the® [ P*'s are guaranteed but not the

framework because the action to be planed is nantakto
account explicitly in the model. The mean cost opartial
improvement necessarily in the MAUT model
managers’ know-how: they evaluate the improvemest on an
average based upon observations in recent past year

4. A unified framework

This section is devoted to propose a trade-off betwéhe
managerial and the implementation aspects of indlust
improvement. The MAUT model in section 2 enables t
synthesize the managers’ preferences w.r.t. pggidbrmances
to be improved first. It provides a relevant forigation for the
search of efficient improvements. Felix criticizbe way such a
MAUT model is established (Felix, 1994): to his mirttie
aggregation model should capture the cooperaticompetitive
nature of goals and this analysis should be bageth uhe
impact actions have on partial performances.

precise objectivesFi’* .

relies on

An efficient permissible action plan is applied. SV iterations
may be necessary to achieve satisfying quantitateslts.
Indeed, after the permissible action plan is applia new
performances profile is obtained. Managers theryaaaand
diagnose these new results. They may considerhbaitiserved

performances are close enough to the objectl?l*eand accept

the result. When the discrepancies between the tegeesults

and the observed performances are too signifitiaay, may also
readjust their objectivd'ﬁ’*: they realize that their expected
objectives were not compatible with implementationstoaints
(technical, material, temporal reasons). A new sePdfl P is

computed from the optimization problenk,(, then the CSP
provides the corresponding permissible action gad, so on.



6. CONCLUSIONS

In the current industrial context, strategies idish to bring
about continuous improvement have to include théiworteria

Diakoulaki D., Mavrotas G., Papagyannakis L. A multénia
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Int. Journal of Management Science, OMEG892; 20 (4):
467-474.

performance expression aspects. A MAUT model captthes Fejix, R. Relationships between goals in multiplérilaite

managers’ strategy in terms of performances impnarg. The
search of an efficient improvement can be formdlizs an
optimization problem. Whereas MAUT models appear
conveniently address the purely managerial dedsretated to
performances improvement, they do not include thregenal
constraints related to the corresponding implentiemtain
counterpart. That is the reason why some authore kaverely
criticized aggregated performance models issuedn fribe
MAUT. A CSP model has been proposed to support
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efficient permissible action plans. Finally, a uedf framework
has been proposed to conciliate the managerial toed
implementation aspects of industrial improvemeRtch of the
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approaches mentioned in this paper: it merely dmuigs to
clearly distinguish which knowledge (preferences bysical
constraints) is useful at each stage of performampeovement
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pieces of knowledge, strategic
constraints, that constitute the performance imgnoent
decision-making process. This breakdown has alsaitog
purposes: it underlines why strategic preferenceslyraneet
operational constraints by nature, why there are ofien
conflicts between manager’s office and operativesdéfling
performance improvement into a unique optimizagmoblem
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