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ABSTRACT

The performance measurement systems (PMS) in the industry are defined in terms of various measures to
be combined for global performance. The proposed approach treats with a qualitative approach for
multicriteria decision with the improvement strategy of an overall industrial performance. The approach is
based on a Sugeno integral aggregation operator, permits to express the global performance, according to
the fuzzy set theory of appropriate Key Performance Indicators (KPI), the nonlinearity of this model, makes
data ambiguous in the process of multicriteria decision-making.

Hence, this manuscript is a contribution to the selection of the strategy of the improvement of the overall
performance. The approach applies to the Moroccan Automotive Suppliers to evaluate the best strategy
alternative by using a fuzzy Sugeno Integral technique to deal with the complex interrelationships aspects
between KPI.

Keywords: Performance measurement systems; Sugeno integral aggregation, fuzzy logic;, Global

Performance, Improvement strategy.
1. INTRODUCTION

In the complex real world, fuzzy logic is
usually used to treat with the problems of
ambiguity, particularly those associated with
subjective  sensitivity. Conventional analytical
approaches are insufficient for dealing with such
complex situations, because, the criterions are
generally interconnected [1].

Therefore, this work adopted the fuzzy
logic methodology to deal with the imprecision of
human perception. The fuzzy integral is more
appropriate when the criteria are connected.

Based on the intuition of the managers, the
strategies of development in corporations are
fundamentally complex analytical processes.
Several strategies have to be assessed considering a
vast body of data that are often hard to quantify [2].

Hence, this paper implements Sugeno fuzzy
integral to estimate every alternative strategy in a
complex environment with multicriteria
dimensions. The fuzzy integral was used to assess
the performance of several strategies to reach the
highest overall performance. It permits to have a
better comprehension of this more complex (i.e.
Nonlinear) performance model.

To date, there have been no research which using
A-fuzzy measures and Sugeno integrals to select a
best improvement strategy in MCDM [3].

More precisely, Section 2 focuses on the
performance aggregation problem. Then, Section 3
reviews the fuzzy MCDM, with the nonadditive
fuzzy integral. In Section 4, a case study is
illustrated to show the effectiveness of the proposed
model in the context of the Moroccan automotive
suppliers. Section 5 presents a discussion of the
results and their implication. Finally, the
concluding observations are illustrated in Section 6.
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2. LITERATURE REVIEW
2.1. Aggregation of Performance Measurement
expressions:

The performance of the manufacturing
system is determined by the configuration of
equipments, manpower, data flows, process and
technology, this configuration give manufacturers
competitive advantage [4]. So the company’s
performance is determined by its ability to achieve
the objectives set by the business strategy [5].

The main goal of PMS is to transform the
data measurement into information to assess the
effectiveness and efficiency of action. It is in fact
the establishment of objectives, collect, analysis
and interpretation of performance measures. On the
other hand, The system should function as a
thermostat, in a way that the process aim to
evaluate the inequality between the actual result
and the target, to identify those critical inequalities,
to appreciate the roots of dysfunctions in order to
introduce corrective and preventive actions [6].

In this sense, so-called performance
measurement systems (PMS’s) are the instruments
to support decision-making [7]. In other word, a
PMS can be seen as a multicriteria tool, based on
performance expressions [8].

The main difficulty in the design of a
performance measurement system concerns the
determination of expressions of performance that
are useful for decision-making. In fact, the
distinction should be made between the global
objectives of the business; which are broken down
along organizational levels [9].

To make a decision, all expressions of
performance must be treated to compare different
situations that occur in the industrial context.
Therefore, two types of performance expressions
are involved in a PMS: elementary expressions that
identify degrees reached different objectives, and
the aggregate expressions that are the synthesis of
elementary performance expressions in the overall
objectives. Also, aggregation expressions define the
priorities in the strategy and give the choice of the
scenarios based on their expressions of basic
performance [10].

The performance aggregation is usually
defined as the result step of the objective break-
down. The aggregation treats with the arrangement
of all the performance expressions concerned.

Two kinds of approach are known, the
monocriterion PMS and the multi-criteria PMS. In
the monocriterion PMS, the clause to the
aggregation is that all the performance expressions
are formulated in a universal reference, such as
delay, cost, quality [11]. So, the global performance

is the result of the sum of elementary expression
(cost, delay...).

This aggregation model based on mono-
criterion PMS approach is no more adapted as an
instrument of decision making, in the current
industrial context. Consequently, it’s necessary to
express performance in multicriteria form [12].

The weighted arithmetic mean (WAM)
operator aggregated the involved elementary
performances to match the global performance.
These weights measure the hierarchical links of the
elementary expressions [9].

2.2. Fuzzy Measurement

The fuzzy sets basis is the fact that the building
blocks of human analysis are not numbers but
linguistic markers; in that way, fuzzy logic follows
this concept and utilized estimated information to
get exact resolutions [13].

These data are formulated in numerical
and/or linguistic values. So, performance
formulations are exact or inexact, sure or doubtful
[14].

All  measurements are related to a
vagueness. The ambiguity of the measurement
reveals the insufficiency of precise knowledge, and
the fuzzy measurements become a synergic method
of processing measurements [15].

Fuzzy Multicriteria decision making has
been commonly utilized to resolve decision making
aspects concerning multicriteria assessment and the
choice of options.

The fuzzy concepts have the following
features: 1) their structures capture the dependency
between inputs and outputs of a system; 2) the
fuzzy linguistic sets give ambiguities; 3) they
model nonlinear system; 4) the singular and
linguistic outputs are created; 5) they are insensible
to random noise [16].

The AHP is the main utilized tool by
researchers and managers in multi criteria decision
making. The fields of AHP’s use are planning,
choosing best scenarios, resource management [17].
AHP can mix different kinds of data in multilevel
decision configuration to get a full visualization of
the manufacturing organization [18].

In scholarly literature, over 2000 AHPs
applications were counted; they are used when
resolutions need quantitative and qualitative aspects
[19].
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2.3. Fuzzy Integral

The relationship between criteria affect
positively or negatively assessments of the decision
to accept or reject a project. This reality cannot be
modeled with a traditional best compromise
strategy. Aggregation based on fuzzy integrals
articulate a multiplicity of decision maker
behaviors [20].

In classic multiple criteria assessment methods,
each criterion must not be dependent of the others.
So, the relations and mutual effects in an industrial
environment cannot be treated with the classic
additive measures [21].

The application of fuzzy integral as an
aggregation operator in Multi-Criteria Decision
Making was offered by Grabisch [22]. The notion
of the fuzzy integral, introduced by Sugeno [23],
can be used to multi-criteria evaluation.

The distinctive quality of a fuzzy integral
is the ability to represent interactions between
criterion, ranging negative interaction to positive
interaction, which surmounts the inadequacy of
modeling reliant factors as self-regulating sets [22].

In addition, in this context, the fuzzy
integral family generalizes the WAM (Weighted
Arithmetic Mean) operator by quantifying
interactions between factors [22].

In traditional integrals, we have signed the
measure, but in fuzzy integrals we have fuzzy
measure, the divergence between them is non-
additively, in fuzzy integrals we have additive and
non additive but in classic integral we have additive
only. Thus, the structured configuration assessment
of human subjective DM fuzzy integrals [23]. It can
be said that the Choquet integral is suitable for
cardinal aggregation, where the number has real
meaning, while the Sugeno integral is more
appropriated for ordinal aggregation, where only
rank make sense [24].

2.4. The Sugeno integral

The main reason for the choice of A-fuzzy
measure ((A is also called the degree of interaction)
is that fuzzy measures for subsets of information
sources is easy to calculate and the number of fuzzy

measures to be known is reduced from 2" - 2 into
n due to the A-rule [23].

Let a finite set X ={x1,x2,...,xn}be
a set of information sources and a fuzzy density
g = g({xl}) describe the degree of importance

of each source x;. Let the set of X to be 2%.

Then a A-fuzzy measure is a real-valued
nonadditive set function g: 2* — (0,1)
Satisfying the following properties:

g@)=0g(X)=1 (D)
g(A)<gB)ifAcBcX )

VA,B c XandA "B =0

gAUB)=g(A)+g(B)+Ag(4)g(B)
For A €(—1,0) 3)

The parameter A in Equation (3) can be determined
by solving a polynomial equation (4). The equation
is derived by using the second boundedness
property in equation (1) and the rule A-rule in
equation (3).

A+1=]Ja+rg")
=l 4
Let an evaluation function £ X — [O, 1] be sorted

in ascending order such that

Jxa) Sf(x o) S S (x ).

For partial information source x; sugeno fuzzy
measure for a subset, can be recursively

characterized by the equation (5). here, f (x )

denotes the i-th smallest function:

g )= g(l) +g(A(,+l))+7\,g(f)g(A(,+l))
with g(A4,,,,)=0 5)

Sugeno integral can be viewed as an aggregation
operation process between evaluation functions and
fuzzy measures representing the importance
degrees of partial information. Discrete Sugeno
integral (SI) with respect to Sugeno fuzzy measure
g (A () over X is formulated by

Jreote,=Mae W, 54,)] - @

Where [ (X ) Sf (x5)) .. < (X))

As a WAM approach uses additive probability
measures as weighting factors, the WAM approach
does not deal with the interaction among the
criteria. On the contrary, the SI approach based on
A-fuzzy measures handles various grades of
interaction among the criteria [23].

It is found that the aggregation method selected in a
modeling stage had an effect on both of ranking and
overall score. Furthermore, this Sugeno integral
approach can provide more easily interpretable
information than the classical WAM does. Thus, it
suggests that the proposed approach is one of

407



Journal of Theoretical and Applied Information Technology,, ..
20" December 2014. Vol.70 No.2 ~

© 2005 - 2014 JATIT & LLS. All rights reserved:

" A mm——
ElaV i1}

ISSN: 1992-8645

Www.jatit.org

E-ISSN: 1817-3195

beneficial tools to aggregate two types of evidence.
Also, a faster processing is realized by the Sugeno
Integral [16].

3. CASE STUDY IN AUTOMOTIVE
SUPPLIERS IN MOROCCO

3.1. Context of the application

Manufacturing performance measurement
in the automotive industry is important in emerging
countries, especially in Morocco, which is
considered as the best delivery platform for the
European market with over 120 equipment
manufacturers, producing near the amount of € 2
500 million, and employing 60 000 employees
resulting in the part of exported production value at
over 90 % [25].

To date, there are no a performance
measurement study or model developed in morocco
[25], so we propose a systematic scoring method
for all Key Performance Indicators (KPI) in order
to establish a performance measurement model that
reflects the main characteristics of the Moroccan
automotive suppliers.

The propositions of this manuscript
initiated from the manufacturers’ demand for an
assistance to better understand the factors of
success of Moroccan automotive suppliers and to
monitor strategic action plans.

3.2. Linear model of the Moroccan automotive
suppliers
3.2.1. Research design

To reflect the multidimensional aspect of

performance, the use of questionnaire was utilized
to identify improvement areas. The questionnaire
was administrated during 2012 to 28 Moroccan
automotive suppliers from different nationalities
(USA, Japan, Germany, Spain, France...) that are
employing 25.000 employees.
A total of 24 responses was received 17 of which
were usable, yielding the response rate of 61%. The
non response bias is a result of the confidentiality
of these KPIs.

The results of this survey identified all
Key Performance Indicators (KPI) as the Key
Performance Factors. Then the weights of all of the
KPIs were estimated using an AHP analysis.
Finally, the quantification of the overall
performance is obtained by calculating a weighted
mean of all performance expressions coupled with
the different diverse criteria that are translated into
a common reference.

The proposed method consists of the AHP and
Sugeno integral. The evaluation procedure of the
strategy improvement project. The first step is to
identify the multiple criteria that are considered in
the decision-making process for the DMs to make
an objective decision. The survey was used to
define the KPI affection the global performance for
the Moroccan Automotive suppiers, the weights can
be estimated by the AHP. Finally, we conducted
two algorithms in order to compare the efficiency
of each one.
The first one was the linear model that quantify the
overall performance by calculating a weighted
mean of all performance expressions coupled with
the different diverse criteria that are translated into
a common reference. Consequentely, the three
strategies of improvement (Quality security,
Human resources, Machine Management) was
ranked.
The application of the second algorithm (the
Sugeno integral) was performed to aggregate the
elementary performance expression, to achieve the
ranking of those strategies.
The Sugeno integral was performed in three steps:
the construction of Objectives, A-fuzzy measure
calculation and the results of Sugeno integral.
3.2.2. Elementary performance expression

We have identified 6 KPI: Customer
Complaint (Cc), Scrap Rate (Qs), Machine
Availability (Ma), Absenteeism (Ab), Number of
Occupational Injuries (Oi) and Training Days per
Person (Tdb) as Key Performance Factors of
Moroccan automotive sector. Hence, they are used
in the calculation of the overall performance. In
fact, each KPI are coupled with the appropriate
weight (r;, 1), 13, 14, 15, rg respectively). This
association leads us to adopt the AHP method that
allows KPIs to be compared in pairs to define their
relative importance through expert judgment. Then
each KPI is assigned an absolute importance
(weight) based on previous respective importance
on a scale ratio, with the constraint that these
weights sum up to 1.

The AHP method is currently the most
common method used in the industrial application
to aggregate performance expressions. The
outranking method compares the different criteria
in five levels of importance to global satisfaction:
“equal”, “low”, “critical”, “proven” and “absolute”
respectively quantified at 1, 3, 5, 7 and 9.
Intermediate values between two levels are
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a' a'
Table 2: Matrix A, In tn a
5 5 s ) 5 (33 s : : = A and Cl' = dl
a’j | Cc Qs Ma Ab Oi Tdb 1 n
b ! DY !
Cc 1174 (1/4)/7,56 © (1/7)/1,96 | (5)/27,2 ©)36 | (1/5)/4.97 a ., a,., Z alj
ij=1
Qs’ 4174 (1)/7.56 (1/4)7,56 | (6)/272 M36 | (1/2)/497 forij=1,2,...,n, (8)
Ma’ 74 (4)/7.56 (1)/7.56 (8)/27,2 )36 | (3)/497
Ab’ The table 3 calculates the eigenvalue and the
(/5174 (1/6)756 i (1/8)/7,56 © (1)/27.2 6)36 | (1/7)/497 X
— eigenvector
Oi /6174 (U156 + (1/9)/7,56 | (1/5)272 + (1)36 i (1/8)/4.97
Tdb’ (5)/17.4 (2)/7.56 (13)/7.56 & (7)/27.2 ()36 | (1)/497

accepted [26]. The experts assign an intensity
number that represents the true preference of each
reason with respect to other reasons. The intensity
of factor i over factor j is equal to a; and the
intensity importance of factor j over 7 is equal to 1/
a;. If we have n factors to compare, we develop a
n*n matrix A to represent the importance of these
factors:

a,, a,,
. Sl
a, a,,
Table 1. Pairwise comparison matrix
Cc Qs | Ma | Ab Oi | Tdb
Ce 14 17 5 6 15
Qs 4 1 1/4 6 7 1/2
Ma 7 4 1 8 9 3
Ab 15 1/6 | 1/8 1 5 017
Oi 6 17 19 15 1 18
Tdb 5 2 137 8 1
SUM 474 7,56 1,96 272 36,0 4,97
Where n is the order of the matrix @)

To determine the weight for each KPI,
interviews of experts (General Managers, Leaders
of the Moroccan Association of Automotive
industry) in the Moroccan automotive industry
were performed using pairwise comparisons that
were given 13 pairwise comparisons as shown in
table 1.

Table 2 represents the matrix A4; as the normalized
comparison matrix that is calculated as shown
below:

w n
1 !
iy S,
2| _ _ij=1
} =w and @1 =—"— for
n
wl’l
ij=12,...n, Q)

The respective weight of each KPI (ry, 12, 13, 14, T,
I's) is given in table 3.

Table 3: Determination of KPIs” weight

Cc Qs Ma | Ab | Oi  Tdb w
Ce 006 003 007 018 017 004 | 009
Qs 023 013 013 022 019 010 017
Ma 940 053 051 029 025 060 043
Ab 001 002 006 | 004 | 014 003 0,05
Oi 001 002 006 @ 001 003 003 0,02
Tdb 029 026 0,17 026 022 020 @ 023
0.5 A
0.4 -
0.3 A
0.2 A
0.1 A
0 T T T T T f
Cc Qs Ma Ab Oi Tdb

Figure 1: KPI weight analysis

Figure 1 shows that the paradigm of the Moroccan
automotive industry is the improvement of
materials and the availability of manpower; also,
the safety at work and the internal climate are
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integrated in the overall performance of these
manufactories.

Traditionally, most plant managers focused on the
triangle of (Cost, Quality and Delay). Subsequently,
our model shows that there are other Key Factor of
Success (Training, internal climate and Safety)
which should be integrated in their strategic,
tactical and operational management.

The global performance (GP) is expressed, based

on the WAM as the aggregation operator, in the
formula below [27]:

6
GP=100% (P, * D7) (10)

i=1

Therefore, the formula for overall performance of
Moroccan automotive suppliers is calculated as
follows:

GP=100+(0,09P, +0,17P, +0,43P,, +0,05P, +0,02P, +0,23P, )
(1)

3.2.3. Efficiency analysis

Relevant performance indicators and their
relationships to strategic and operational goals need
to be determined and analyzed [28].

The alternative improvement strategies adopted in
this research are summarized following the KSF
(Key Success Factors) of Moroccan Automotive
suppliers: (S%) Quality and security, (S™) Human
Resources & climate social, (S™™) Machine
Management.

By applying the WAM operator, an overall
performance of strategies, can be expressed as
shown in Table 4. The decision-maker can now
rank the strategies S "™ S™. The conclusion is
to retain the best strategy with regards to the overall
performance:

Table 4: Overall performance of strategies

Pee Pos Puya Pay Poi Pray GP
S 09 05 02 08 07 0,65
s'™ 0,8 08 07 08 05 1 0,79
sS™ 0,8 09 1 0,1 05 07 0,83

The decision-maker can rank the best
strategy (S, S"F, SMM) by retaining the best
strategy with regards to the overall performance, in
this case, the choice of “Machine Management” is
selected in the first place, then the “Human
resource” strategy occupies the second place
followed by the “Quality security” strategy.

However, the choice of any strategy does not
provide indications about reducing the investment
because the business policy is too generous
regarding a key factor or simply maintain
investment because a satisfactory level has been
reached. Furthermore, the decision maker cannot
combine performance parameters linearly in a
manner to assist management in formulating the
most suitable decision. So, the aim of this research
is to treat with the complex and dynamic
interrelationships aspects of KPIs.

3.3. The aggregated performance expression by
Sugeno Integral:

3.3.1. Construction of Objectives

We introduce the notions of a space of states

X ={x1,x2,...,xn} and a decision space (a

space of alternatives).S = {Sl,sz,. eS8, }
We consider a decision model in which #n
alternatives §,5,,,...,5, €S act as strategies
used to improve the overall performance. The

strategies should influence m states s,,5,,...,5,

€S, which are identified with m KPI

corresponding to KSF.
Table 5: the efficiency of the elementary
performance
Effectiveness Uy
None 0
Almost none 0.1
Very little 0.2
Little 0.3
Rather little 0.4
Medium 0.5
Rather large 0.6
Large 0.7
Very large 0.8
Almost complete 0.9
Complete 1

The expert’s opinion has judged the relationship
between the efficiency of the -elementary
performance and strategies following the table 5.
We express the connection in the table 6:

Table 6:Relationship among efficiency of the elementary

performance and strategies

Pcc Pos Pya Pab Po; Pray
S Compl. | Almost | Medi. Very Very large
fx)= Compl. | fix3)= little large ftxe)=
gu=l | fix)= | gs=05 | fix)= | fixy)= | g6=0.7
g12=0.9 g14=0.2 g[j=0.8
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SiR Very Very large Very Medi. Compl.
large large Sxs)= large fxs)= fxe)= g(xl,xz,x4) 0,292835598
Six)= | fix)=g | 8=0.7 | fix)= | g5=0.5 | g26=1 g(X1,X2,X5)  0,267472015
g21=0-8 =08 g24=0.8
ST Very Almost | Compl. | Almost | Medi. large 8(X1,X2,X6) 0,445017096
large compl. | fix3)= none fixs)= | flxg)= g(X1,X3,X2) 0,530829196
Sx)= | fix)= gs3=1 Jxy)= g35=0.5 | g3=0.7
g3=0.8 | g3,=0.9 g34=0.1 g(Xl,X3,X5) 0,5 10009582
g(x1.x3,Xs)  0,655746876
3.3.2. Construction of Sugeno integral a(x1,X4,Xs)  0,1555316
The weights w; , w,,w;, ..., w, , Wact as the ranges g(x1,x4Xg)  0,347757198
of the function @) ¥ W = [0,1] 2(x1,Xs,Xs)  0,246209983
Wi= galx 1) Wo= galx2), ws= ga(x3), ..., W= ga(Xn ). g(X2,X3,Xs)  0,587798436
g(x2.x3,X5)  0,568066527
S0, wimwee g6 =0.09,w:=Wo, = gi(x)=0.17; g(X5%)  0,706189895
W3=Wy,= g,(x3)= 0.43; w,=wy= g3(x)= 0.05;
Ws=w o= gi(xs)= 0.02; We=wya= g(xg)= 0.23. gXeXs)  0,232107955
g(X2.X4,Xs)  0,414290885
According to (4), We had the polynomial equation (X2,X5,X6) 0.391246226
below: > ’
cow 2(X3,X4,X5) 0,48098111
0= 0.3512)2+0.056738X°+0.0043058)\" g(x5.X0.Xg)  0,630525367
+0.0001417)°+0.0000015° (12) a(oxsx)  0.611609235
g(x4,Xs,Xs)  0,289540222
And the roots of the above equation will be
8(X1,X2,X3,X4) 0,64516857
=100 - .. .
A=1{0;0;-0.6168483; - 101.67515; (4.4793329 + a(X1,%0,X5.X5) 0.626532018

60.8299591); (4.4793329 - 60.829959i)}

But A e(-1,0)

We will take . A = -0.6168 only, because A =0 is
additively

If. L = -0.6168 then following equation (3), we
have:

g(X1,X2) 0,25056296
g(x1,X3) 0,49612984
g(X1,Xs) 0,1372244
g(x1,Xs) 0,01888976
g(X1,Xe) 0,30723224
2(X2,X3) 0,55491192
g(X2,X4) 0,2147572
g(X2,Xs) 0,18790288
g(X2,X6) 0,37588312
g(x3,X4) 0,4667388
2(x3.Xs) 0,44469552
2(x3,X6) 0,59899848
g(X4,Xs) 0,0693832
2(X4,X6) 0,2729068
g(x1,X2,x3)  0,614107649

411

8(X1,X2,X3,X6)

8(X1,X2,X4,X5)

8(X1,X2,X4,X6) 0,481292769
g(X1,X2,X5,X6) 0,459527365
2(X1,X3,X4,X5) 0,544280887
2(X1,X3,X4,X6) 0,685523643
8(X1,X3,X5,X6) 0,667657583
g(X1,X4,X5,Xe) 0,363467265
8(X2,X3,X4,X5) 0,600547355
8(X2,X3,X4,X6) 0,734410999
€(X3,X4,X5,Xe) 0,642747206
(X1,X2,X3,X4,Xs) 0,65720977
(X1,X2,X3,X4,X6) 0,783642376
8(X1,X2,X3,X5,X6) 0,767649679
&(X1,X3,X4,X5,X6) 0,697067023
8(X2,X3,X4,X5,X5) 0,745351305
25 (X1,X2,X3,X4,X5,X5) 1

0,756987882
0,309223178
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The construction of Sugeno integral in the

strategies order follows equation (6):

Jreovs,=Mae [, 54,)] @
Where f(x ) <f (x 5) . S (X))

The construction of Sugeno integral in the
strategies order:
e For SQS, we have:

f(X(,)=g1 6:0 .7; f(X5)=g1 5=0 . 8; f(X4)=g14=0 .2;
f(x3)=g15=0.5; f(x2)=g12=0.9; f(x;)=g1,1=1
So

f()x(4))Sf(x(3))=f(x(6))Sf(x(5))Sf(x(2))Sf(x(l))

QQs_ I Jfdg, =max(min( f(xs), 2.(X1,X2,X3,X45X5,Xe));

min(f(x3),g), (X1,X2,X3,X5,X6));

min(f(xe), g\(X1,X2.X5,X6)); min(f(xs), gy (X1,X2,Xs));
min(f(x,), gy(x1,X2)); min(f(x,), g, (x1))
S¥=max(min(0.2,1);min(0.5,0.76);min(0.7,0-.46);
min(0.8,0.267);min(0.9,0.25),min(1; 0.09))
S¥=max(0.2; 0.5; 0.46; 0.267; 0.25 ; 0.09)
S¥=0.46

e For S™ we have:

f(X6)=Z26=1; f(X5)=2>5=0.5; f(x4)=224=0.8;
(x3)=223=0.7; f(x2)=g2,=0.8; f(x,)=2>,=0.8
So

f(yx(s))sf(x@))Sf(xu)):f(x(z)):f(x(l))sf(x(s))

Sti= If dg A max(min(f(xs), g, (X1,X2,X3,X4,X5,Xs));

min(f(x3), @ (X1,X2,X3,X4,Xe)); min(f(x,),
2(X1,X2,X4,X6)); min(f(xz), 21(x2,X4,%e)); min(f(xs),
2. (X4,X6)); min(f(xe), 2(xe))

S"™R= max(min(0.5; 1); min(0.7; 0,78);

min (0.8, 0.48); min (0.8, 0.41); min (0.8, 0.27),
min (1, 0,23))

S"™R=max(0.5; 0.7; 0.48; 0.41; 0.27 ; 0.23)
SHR=0.7

MM
e ForS"", we have:

1(X6)=236=0.7; f(x5)=g35=0.5; f(x4)=3,=0.1;
f(X3):g33=1; f(Xz):g32=O.9; f(X1)=g31=0.8
So

S (x(4))Sf (x(s)) <f (x(6))=f (x(3)) =f (x(z)) <f (x(3))

MM = J fdg, = max(min f(x,),

gk(X1,X2,X3,X4,X5,X6); min f(XS)a 298 (Xl aX29X39X59X6);
min f(Xe), g, (X1,X2,X3,Xs); min f(x,), g (X1,X2,X3);

min f(x2), g (X1,X2); min f(x3), g (x3))
SMM= max(min(0.1,1); min(0.5,0.77);
min(0.7,0.75); min(0.8, 0.61); min(0.9, 0.25),

min (1, 0,43))

SMM=max(0.1; 0.5; 0.7; 0.61; 0.25; 0.43)
sMM=0.7

The interpretation of Sugeno integral in the

strategy ranking gives S"'*= sMV> g@8
In the linear model, we found in the first rank
“Machine Management” strategy with the overall
performance equal to 0.831, then the “Human
resource” strategy with 0.789, followed by the
“Quality security” strategy with 0.6535.
The ranking of “Human resource” strategy was
improved, occupying the first place tied with
“Machine Management” strategy with the score of
0.7. In this case, the priority of action would be first
to implement “Human resource” strategy or
“Machine Management” strategy, and second
“Quality security” strategy.

That adjustment can substitute for other
expensive strategies such whom concerning
machines factors. These measurements provide
indications about for which the decision maker can
reduce the investment because the business policy
is too generous regarding a key factor or simply
maintain investment.

4. DISCUSSIONS

A technique for measuring the causal
interactions between the different factors affecting
the global performance has been designed and
applied. For the top management the foremost
profit is the performance formulation of various
measures into a dimensionless item at all the
corporation stages.

The second benefit is associated with the decision
making help for adopting the suitable strategy.
Administrators  frequently  vacillate  between
different strategies permit them to confirm their
perception.

Our model has several suppleness for dealing with
in the intrinsic and extrinsic environment changes,
but only below the suppositions of small
differences of the objective standards and of the
weight and the relations of the performance factors.
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At last, the proposed method is not exclusive to our
case study. It can duplicate across different
manufacturers where enough expertise regarding
particular circumstances is indispensable to
describe the weight and the relations of criterion.

5. CONCLUSION

The Sugeno integral as an operator of aggregation
is well fitted to deal with the interactions between
the performance factors. An industrial application
has permitted us to show the pertinence of such
method. The algorithm studied can be used to
determine the best distribution of resources on
performance criteria.

Certainly, this approach requires a great manager
proficiency of the method: to make the structure of
the global performance to compare a number of
performance situations in order to identify the
Sugeno parameters through an AHP exercise.
Perspectives for future research will concern the
integration of cost parameters in order to obtain the
best action plan to obtain a fixed performance
improvement at the lowest cost to reach a better
overall performance.
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