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Abstract

This article deals with the definition of a unifiéchmework for the simultaneous handling of bothustrial objectives
declaration and performance expressions. Subsgritoncontinuous improvement process, previous wdr&ge been
separately focused, on the one hand, on the obgegtiantification and, on the other hand, on théopmance expression
mechanism. This mechanism was based on a formiahalien between the elementary performances aadtrerall one.

Overall performance is associated to the overafisitiered objective while elementary performancesespond to the
elementary objectives, namely the objectives whach provided by the overall objective break-downoking now to

unifying, into a methodological framework, the di#nt steps that are involved in a performanceesgion process, this
study focuses on the objective break-down stephilnsense, it is proposed to consider, accordirthe industrial practice,
that this break-down is no more than the coroll@ryhe associated action plan. Structural breakrgomith the variable

central point, and temporal break-down are higliédhand illustrated by industrial examples.

Key words: objective - performance expression ialde - structural break-down - temporal break-down

1 Introduction

According to the Deming’s wheel principle [1], amgprovement can be realised if, sequentially, dfjes are
declared, actions are launched, performances goeessed and decisions are made with regards to what
happened during each of these steps. Subscribitigstevay of thinking, previous works have partanly dealt

" This paper was not presented in any other revuereSumonding author V. Clivillé. Tel. +33 450 096 558Fax
+33 450 096 55Fmail addressestamia.berrah@univ-savoie.filLamia Berrah),Jaurent.foulloy@univ-savoie.f{Laurent
Foulloy). vincent.cliville@univ-savoie.f(Vincent Clivillé).
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with the performance expression mechanism. A forfrahework has then been proposed, distinguishieg t
expression of the “elementary” performance, onahe hand, and the expression of the “aggregateel’ amthe
other hand. Elementary performance has been defiseithe result of the comparison of the objectiseha
target value, and the measurement as the acquieefRh Aggregated performance has been introdasduking
the result of the combination of the elementaryfgrerances [3]. It is also assumed that the linkevben
aggregated and elementary performances were defloarecdome kind of structural links that are inkexdifrom
the objectives analysis. These links identify thdmgween one overall objective that correspondsheo
aggregated performance and a set of sub-objectjyesjided by the break-down of the overall one and
corresponding to the elementary performances. Memedormal tools have been used, namely the fezibhset
theory for the handling of imprecision and uncertgiin the elementary expression, and the MAUT —tMu
Attribute Utility Theory — [4][5] for the aggregateone.

The aim of this study subscribes to the definitddra unified framework that covers the differenpects of the
performance expression. It is proposed here tacpéatly focus on the specificities of the objeetibreak-down
in order to extend the previous works in this sej@e In the current open economic world, manufeaow
companies look for the continuous improvement ofirttperformance, in terms of productivity results,
sustainability, innovation... [7]. Strategies aheid defined; overall objectives are declared, a§ ageaction
plans, temporal horizons and milestones. Coheralgfining the set of objectives to achieve, ondhe hand
and the actions to launch on the other hand, reg@rnecessary common deployment of the deciseoniiies
that will be considered [8]. What is called vargldr criterion [9] identifies the decisional contépat is:
guantified when it is talked about objectives deatian; acted on when the actions are planned &séreed
when the reached performance is expressed.

The concept of variable is more or less impliciigndled in Performance Measurement Systems — PNIG]s
PMS'’s can be seen as “multi-criteria instrumentadenof a set of performance expressions (alsoreeféo as
“metrics” [11][12], i.e. physical measures as well as performance evahgtto be consistently organized with
respect to the objectives of the company” [3][1Bloreover, the multicriteria aspect of PMS’s has ted
consider what it can be introduced as the objestbreak-down problem. THgalanced Scorecarfll4] defines
the company performance with regards to four amesjely the “financial”, the “customer”, the “orgaational
learning” and the “processes” axes. These axesbeaviewed as variables that are considered forogey
strategy. Then objectives, targetise.( objectives at short horizons), measures and fiiviéis are defined
according to each axe. Tlegocess Performance Measurement Sy®R&vS [15] takes up the same principle,
adding a fifth variable which is the “innovatiorih the same manner, ti@&RAI methodology [16] defines three
main variables, “delay”, “quality” and “cost”. Farach entity of the physical system, indicators lawit, by
associating objectives and measures at these lewmiablore globally, propositions such as timegrated
Dynamic Performance Measurement SystBPMS [17] or theEuropean Network for Advanced Performance
StudiesENAPS approach [18] propose to retain genericabdes. TheQuantitative Model for Performance
Measurement Syste@MPMS [19] adopts specific variables identifiecartks to a cognitive map [20]. The
variables and their interactions are then represktfirough a criteria tree [21].

Moreover, in addition to this structural aspect sidared around the strategy deployment problempadeah
horizons are systematically associated with theaihje achievement, according to the duration ef dhtion
plans executionj.e. the execution of the associated operational psssesFor instance, th@RAI method
distinguishes several time horizons according & dbnsidered decision levels, while Balanced Scorecard
evokes temporal duration for the initiatives withaevertheless defining them. The most advanceplgsition is
the IDMPS one since it deals with the temporal aspect oS by reusing the Value Focus Cycle Time [22]
which periodically reconsiders the objectives. Alijh present in the literature, the temporal asgeubt clearly
handled by PMS'’s.

This study deals with the objective break-downmigfin and its use in the performance expressiochaygism.

In the following section, the objective conceptdiscussed, its declaration and its links with tcéom plan
concept. The set of attributes that characterisautiiverse of discourse of the objectives is defing means of
mathematical functions. Then, the objective achiemet point of view is adopted, thus emphasising the
structural and the temporal break-downs of the ailyes. The former concerns the representationhef t
objectives by means of a tree of variables, witikelatter is related to the temporal trajectoriethe objectives.

In the third section, using the basis of industiikistrations will explain how the tree of varial of the
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structural break-down can be used for the perfoomaxpression. Some remarks and perspectives clenttis
article.

2 Objective break-downs

2.1 The objective attributes

From a general point of view, an objective is idfead to a target value that is associated withagable or
criterion and which should be achieved at the ena given temporal horizon [14][16]. Beyond thidue the
objective concept involves other attributes indéinition. This is because two points of view danadopted
with regards to the objective: the gquantificatiarepand the achievement one. The quantificatiotheftarget
value is the result of what is previously called thbjective declaration [2][3][13]. From this poiot view, an
objective is characterised by the declaration dfamet value associated with a variable. Moreoeach
objective is related to what is called universe@istourse, which is used for the “precisiation’itefdeclaration.
The universe of discourse contains the necessaaynediers to make the objective declaration undeistale. It
contains at least the variable and the target vlakis associated with a set of admissible valaasit for the
values, a temporal horizon to which the objectisedefined. Let us note that the term “precisiatiovéls
introduced by Zadeh in his work about “computinghwivords” [23]. It defines the process which tramsfs
natural language expressions into mathematicalessmns and makes the computation possible.

Thus, let? be the set of all the variables involved in thetegn under consideration. Lete a variable of,
associated with an objective. It is assumed theretlexits a functiom such that(v) is the unit of the variable
or functionsT; andT; such thafT;(v) andT¢(v) are respectively the beginning and the end oftti®n plan. The
interval [T,(), T; (V] is calledthe temporal horizonThe target value which should be achieved aetiteof the

action planj.e. at Ty(v), is given by means of a functiensuch thato(v) is this target value. Although the target
value o(v) is only an attribute of the objective, in induakrpractice it is very common to say the(v) is the
objective.

Example: Letv be the variable associated with #mrk In Progress LeveAssume that a temporal horizon is
defined from week 1 to week 48 and that the objectarget value to achieve is 2 days. This leadthéo
following notations:T, (v) =1, T; (v) =48, o(v) =2, u(v) =day.

2.2 Structural break-down

Top level objectives are the strategic objectivé@sowing the complexity of the company organisatisach
objectives become overall and are often broken-dowm sub-objectives. The break-down operation ban
defined as the process that consists of hierarthictentifying and selecting the variables conasirby the
considered objective, then declaring the sub-olvest According to Keeney, objectives at a giverelean be
seen as the means to achieve objectives at the lgpmds [9][24]. In other words, they are sub-aljees of
these upper levels. This recursive decompositioggss is calledtructural break-down

Such a break-down is strongly linked to the acfitem that is defined for the achievement of thesatered
overall objective. In this sense the variable d@ecis generally based on the cause-effect arsalysnciple
[25][26]. For instance, the Forrester diagram [@7}the cognitive map [20] are highlighted in theerdature for
this purpose. Namely, the variable associatedamtlerall objectivei.e. the Key Success Factor, as well as the
set of variables hierarchically linking strategibjectives to the operative systeie. the Key Performance
Factors are identified at the tactical level. Théinks are detailed as necessary, until the actioesome
operational. The considerations of hierarchicdtdijron the one hand, and the recursive aspeceddjproach,
on the other hand, lead to the representationeo$tituctural break-down as a tree where:

« the root is a strategic objective,
« the height (depth) identifies the number of con®ddevels,
* the nodes identify the different sub-objectives,
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« the arcs carry the contribution link between thk-gbjectives at a given level to its parent objextithese
links support the action or set of actions launcteedchieve the parent objective.
« the leaves identify the elementary objectives wiaighno longer broken-down anymore.

Let us remark that the elementary or overall cheraof the objectives is relative, being stronghkéd to the
visibility area of the decision-maker on the onadyaand the operative system on the other handseThetions
subscribe to the€IMOSA GRA| or GIM [28] enterprise modelling principles with regardsthe processes,
activities or functions and decision centers. Thengany can moreover be considered according toraleve
points of view. V. Popova et A. Sharpanskykh [29ppgmse the “organisation”, “process”, “agents” and
“performance” aspects. In other words in additiortite physical system, authors emphasize on aspecisas
human resources or organisation.

Strictly speaking, the break-down structure is eychc oriented graph. The strategic objectiveg (thot of the
tree) are the summits with an input degree of @.tRe sake of simplicity, but also because it cgponds to
most of the industrial case studies [30][31][32E tree notion is generally kept. As an illustmafi&ig. 1 gives
an example of the structural break-down of twotsgi@ objectives of a business unit of the Boschréth

Company. The resulting graph expresses the deeisaker expertise as it has been given.

Delivery
time
Order Delivery Lead time

receip time (logistic)
Tay l
Work in Flow Suppliers Production
progress lev¢ synchronisatio perfcrmance capacity
=P Very strong link
Suppliers Suppliers
quality rate service

— Strong link
Fig. 1: Examples of structural break-down in thesBoRexroth Company

----» Weak link

At the decision levels other than the operationad,odecision-makers can simultaneously consideeraév
objectives. The achievement of these objectivesiires| action plan implementation which share common
variables. It explains the possible pooling of theb-objectives for several parent objectives, sashthe
Suppliers performancebijective in Fig. 1. To simplify the representatidt is recommended to associate one
tree with each strategic objective as shown in Fifpr theDelivery time

Delivery
time
Order Delivery Lead time
receip time (logistic)
.
Work in Flow Suppliers Takt time
progress leve synchronisatio performanc respec
=P \/ery strong link
Suppliers Suppliers
quality rate servic,

— Strong link
Fig. 2: Structural break-down of tiieelivery time in the Bosch Rexroth Company.

---- Weak link

The number of levels depends on the implementédracomplexity. The break-down is carried out ustihple
actions are identified,e. actions which can be implemented without any amibjglt results, in the final step, in
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the elementary objectives, which are the leavetheftree. Thus the action impact on the objectiae be
quantified and a performance directly expressed.

2.3 Temporal break-down

An objective is declared for a given temporal homniz With regards to the control requirements anel th
uncertainties due to the long term duration oftthadled improvements, it is often useful to defimtermediate
objectivesi.e. targets which should be achieved at given milestaof the considered horizon. This process is
calledtemporal break-down

For a given variable, let us denote; (v) with i OO the milestone of thi"intermediate objective and (v) the
target value to achieve. The temporal break-dowrsists of providing a set of couplég (v),t (v)) such that
0<qg(v)<o(v) and T(v)<t(v)<T;(v). The set of couples is called titermediate objectives temporal

trajectory. Defining the intermediate objectives is not a pintask and depends on the industrial context.
According to industrial practice, two main cases ganerally be considered and are detailed hereafte

In the first case, a continuous trajectonaigriori defined because there are no constraints withrdega the
objective achievement, neither on the allocatednsig®r on the synchronisation with other comparividies.
For instance, in the field of continuous manufaagiprocesses the production can generally berynsaread
over. If intermediate objectives at given milestor@re useful to control the objective achievemding,
corresponding target values can be deduced fromatpeori trajectory. Thus, for an objective of monthly
quantity, milestones can be defined for each wpeksibly each day, and the temporal weekly or dgilgntity
objectives can be directly obtained by readingtthpectory y-axis for the given week or day . Tb@cept can
be generalised to any timie< T; (v) . Let (v,t) be a couple such thatdv and t<T; (v) . The value that should

be achieved at timefor the variablev is called theguantificationand is denotedq(v,t). Let us remark that,
according to these notations, the target valuegrgivy the functioro, is such thato(v) = qv, T; (v)) and the
intermediate ones (v) are such thap (v) = g(v,t;(v)).

In the case of additive variables like cost, qugntefects, and so on, the overall objective camléscribed as
the accumulation of the intermediary ones that iaseied from the temporal break-down. Thus, givem th
intermediate target value (v) for the milestonet; (v), it is possible to define an incremental targefv) such

that o,,(v) = q(Y+A (VY. In the industrial practice, linear trajectorie® drequently used and the duration

between two consecutive milestones is often theesamy. one day or one week. In this case, declaring the
incremental objective\(v) between two successive milestones is possihle(v) = g (v) + A(v) = ([ +DA(V) .

Fig. 3 illustrates such a case where a lineardtajg links the initial state to the objective drethorizon. For
instance, the weekly objective of the A3P pummgVv) =10 units and the considered milestone is the day with

an incremental objectivé\(v) =2 units. The broken line represents the ideal trajectoithout any waste of

quality or time, while the continuous one represehe objective trajectory which leads, at the ehthe week,

to satisfy all the orders. At each time, a target be deduced from the continuous line. The measfute truly

manufactured production is plotted by the operami red cross when it is below the target. Ifdinaulated

production overtakes the target, which is posdibltheory, a green cross is used. In the lower gitie board,
dedicated frames can be used for the diagnosisiaalgsis of the difference between the target hadrieasure
in order to correct further production and to achiéhe weekly objective.
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Fig. 3: Temporal break-down foeacuumPumpQuantityobjective Adixen Pfeiffer Group

The second case is close to the project managdmeak-down approaches [33], where ¢hepriori trajectory
knowledge is rarely well-known. It concerns actjans with uncertainties about their impact. Fatance a
given activity which requires about three weeksobeflaunching the following one, or for the projefdr
instance the production engineering that cannoinbbgfore the end of the design. It means thatafgiven
variablev, the set of milestone{sti (v)}m ; depends on the project or the operation managearehtannot

priori be defined, independently of the industrial cont@tailable resources, projects portfolio in pragte
etc.). However, in such cases, the set of targeeseao achieve is generally known. Each timel), a target

value o, (V) is reached, it becomes possible to set the neyettaalueo,, (v) as the objective to achieve. This

type of break-down is callethrget-oriented temporal break-dowh differs from the previous case where the
milestones and the temporal objective trajectoeyaapriori known, making it possible for the decision-makers
to deduce the corresponding target values. Indbond case, the target values arpriori known and the
milestones become the consequences of the wayiséeg the objective.

This case which is described in Fig. 4 shows orssipte evolution of both temporal objective tragegtand its
achievement way. The target valag(v) is reached at timé, (v). The achievement of the next target value

0,(Vv) without knowing when it will be reached;(v) remains unkown until the fulb, (v) achievement. This

case is very frequent in the food-process industign milestones depend on the season or in a da$e o

_ - - 7| Commentaire [d1]: Je n'ai pas compri
de quoi il s’agit. Ce n’est qu’un probleme
d’anglais je pense.

A
o(v)
Temporal objective trajectory
M) T -—-—
0(v)
av) \Temporal achievement trajectory
; t

t (V) t,(v) tz(v) =7 t (v)

Fig. 4: Example of target-oriented temporal breakwd.

As a summary, let us mention once again that thgdeal objective trajectory notion is strongly letkto the
company context. Indeed, the milestones definittam be quite freely made when the temporal objectiv
trajectory isa priori known, while this definition is constrained whéemisttrajectory depends on the decisions
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made when the temporal achievement trajectory damma priori known (cf. Fig. 3). Moreover the objectives
value can be deduced from the trajectory in thet iase while they are deduced thanks to the deemsaker
expertise and the temporal objective achievemetitarsecond case.

It has been shown in this section that strategjeatives can be broken down and represented by srefamtree
laying on the concept of variables. It has alsonbgleown that the temporal break-down of the objestied to
introduce time in the objective quantification. tlre next section, these two concepts are unifiechake the
performance expression a temporal one so thatyatirae, decision-makers can use the performanpesegion
to react.

3 Performance expression

In the structural breaking-down process, objectivhgh are not broken down are callelementary objectives
Since structural break-downs lead to trees, eleangmbjectives are the leaves of these trees. énsm¢hat the
decision-makers have sufficient pieces of infororatiEspecially, a measurement of the variablescatsal with

the objective can be performed. In such casegjdetecall that the performance can be directly inbth by

comparing the value of the objective to the measerg by means of a comparison functiorLet v be the
variable associated with an elementary objectitvis. proposed to unify the structural and tempbrabk-downs
by writing the performance expression for this edetary objective ap(v, t) = f(q(v, t), m(v, t)) whereq(v, t) is

the quantified target value at tihandm(v, t) the measurement at tirhe

Now, when objectives are not elementary ones,ntteadifficult to directly obtain the performancgeessions.

In such cases, the use aggregation operators les ffreposed which take into account the dependgncie
between the expressions to aggregate. Unifyingsthetural and temporal break-downs leads to cengiaat
each expression to aggregate is associated withriible and has a value at any time. Therefbeeaggregated
performance expression is given Ipfv,t) = Ag(p, (4 .t)...., p,(v,.t)) wherey, is the variable associated with

thei" child of the variables and n (v;,t) is the performance expression of this child. Asglas performance

expressions are commensurable, the aggregatiorggaan be recursively applied to a tree startiom fits
root, which is the strategic variable, by a traireydree algorithm. Since elementary objectives tnmasvisited
first; the conventional recursive post-order ddpst algorithm has been used in this framework.

In order to illustrate this approach, let us coesithe Bosch RexrotBelivery timebreak-down described in
Fig. 2 and let us consider, for the sake of thephaity, the Lead timesub-tree. Let us assume that the company
wants to reduce itkead timefrom 7 days to 4 days within a year of 48 workimgeks. Due to the structural
break-down and the links between the variablesudetlso assume that the decision-makers proviealistic
target values to be reached by each variable withjiear. Current values and target ones usedsrillinstration

are given in Table 1.

Table 1: Expected evolution of thead timesub-tree variables within a year

Objective variables Current values Target values
Week 15 Week 30 Week 48
Work in progress level 4 days 3.5 days 2.8 days ayad
Flow synchronisation 2 days 1.5 days 1.2 days 1 day
Supplier quality 3000 ppm 2500 ppm 1500 ppm 1000 pp
Supplier rate service 88% 90% 93% 95%
Takt time respect 0.15h 0.13h 0.11h 0.1h

Let us assume that the decision-maker decidesttikatemporal break-down for each variable is sintiplear
interpolation between the milestones. Fig. 5 itatgs, in simulation, the temporal break-down &f tivjective
and the measurement and the temporal performangeesston associated with each elementary objective
involved in theSuppliers performancstructural break-down.
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Fig. 5: Temporal break-down and performance expasssociated with theupplier performance

In a same manner, the performance expressionsecanrbputed, at each time, for all elementary obhjestand
then propagated in the tree resulting from thectiral break-down using the aggregation operatcesipusly
mentioned. Let us assume that the decision-maledetg for each elementary objective, to use a tedmatio,
i.e. p(v, t) = min(m(v, t) / q(v, t), 1). The most common aggregation operator isathighted mean [5][19][21]
but other operators like the Choquet integral dan he used [3], dealing with the commensurabdiiyndition
on the one hand and with the interactions betweésaria on the other hand. This paper focussingthen
objective break-down, the conventional Arithmeticedhs were used for the sake of simplicity, that is

WAM,(x)= > xw with > w =1. Let x= (x,..,x,) be the vector of the values to aggregate which are
i i

respectively related to th&ork in progress levethe Flow synchronisationthe Suppliers performancand the
Takt time respectAccording to the links between the variables shoiw Fig. 2, the weight vector
w= [ 01501506 0.1] was provided by the DM. L¢x = (x1 x2) be the vector of values respectively associated
with the Suppliers qualityand theSuppliers serviceate. As theSuppliers service ratperformance is considered
as more important thahe Suppliers qualityone, the weight vectcw = [ 035 0.65] is used. Fig. 6 illustrates the
temporal performance expressions of the elemernthjgctives involved in th&upplier performance.e. the
Supplier qualityand theSupplier rate serviceand the resulting aggregated performance expresdor the
Supplier performancebjective and théead time(or throughput timg strategic objective.
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Thanks to the performance expressions shown in gt clearly appears that the improvement is well
controlled. Indeed the elementary temporal objestiare always reached (cf. Fig 5) and consequémdly
elementary and aggregated performances are cldse to

4 Conclusion

In this paper the concept of objective has beersidered from the industrial point of view, espdgiats
connection with the action plan. This approach ledsto present two complementary types of breakrddhe
temporal one and the structural one. The formeceos strategic objectives that can be broken-dotentrees
of objectives. The leaves of the trees are elemgmidjectives for which decision-makers know whaottions
can be undertaken and how to measure their effétis. latter is related to the trajectory which etatary
objectives are supposed to achieve. Finally, it stasvn how the two break-downs can be unified tomate the
performance expression at any time. It makes isiptesfor the decision-makers to follow the behaviof all or
a part of the company during the action plan imgetation and possibly react, before the end o&ttien plan,
based on the trends of the performance trajectoFies unification is based on a recursive post+oddpth first
algorithm which computes the elementary performanice. the leaves of the tree, by means of comparison
functions while aggregation functions are usednimdes. Several examples have been provided eithrerrial
industrial cases or from simulations based on imduspplications.

Some perspectives can be proposed with regardisststudy. Among them the one which concerns thuploag
between the performance expression issued frorohjextive break-down and the launched action dlaheed
the structural break-down is closely linked to #wtion possibilities and the temporal break-dowthwhe task
execution duration. In this sense a deployment ougtlogy should be proposed that respects the dnifie
framework helped by a Decision Support System disatimed the procedural and computational aspetissof
methodology. Finally some case study applicatiges@cessary to experiment and improve the praposit
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