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Abstract

The security situation in Burkina Faso has deteriorated in recent years. This has had a negative impact
on the country's education system through the closure of several schools. Given the importance attached
to education, it is necessary to set up reception sites for displaced pupils in order to ensure the continuity
of their studies. There are a number of methods available to aid decision-making, but some of them
are not without their shortcomings. In this work, we address the problem by extending the EVAMIX
method to group decision-making using the Choquet and Sugeno integral, taking into account the order
of importance of the decision-makers, and applying it to the problem of identifying the best site. Through
a simulation, we applied our method to four sites and obtained good results.

Key words: Collective decision, extension-EVAMIX, Choquet integral, Sugeno integral, site deter-
mination.

1 Introduction

Burkina Faso has been facing a situation of insecurity for several years. This has led to instability
in national education. In view of this disastrous phenomenon, it is imperative to accommodate these
schoolchildren in order to facilitate the continuation of their learning. Several sites have been identi�ed
for these activities, but the question is: which site should be chosen to accommodate these pupils? This
question can be answered using multi-criteria decision support. Numerous methods exist in the literature,
but some of them are not without criticism [1]. The EVAMIX method is a single-decision multi-criteria
decision support method with satisfactory properties [2]. Nowadays, many decision problems require that
the decision is not taken by a single person but rather by a group of people [3]. This is why the present
work aims at improving the decision support method. This is why the present work aims to propose an
extension of the EVAMIX method to collective decision-making by integrating aggregation operators such
as the Choquet and Sugeno integral using a di�erent importance of the decision-makers and applying it
to the problem of choosing the best site. After a brief presentation of the literature review, our extension
and its application to the choice of the best site will follow.

2 Literature review

2.1 Choquet integral

According to [4], for a capacity ν, the Choquet integral of an action ai represented by a vector of Rm is
de�ned by:

Cν(ai) =

m∑
j=1

[
fσ(j)(ai)− fσ(j−1)(ai)

]
ν(Aσ(j))
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where σ is the permutation which reorders the performances of ai in ascending order, that is fσ(1)(ai) ≤
fσ(2)(ai) ≤ ... ≤ fσ(m)(ai) with fσ(0)(ai) = 0. with Aσ(j) =

{
fσ(j), fσ(j+1), ..., fσ(m)

}
and Aσ(m+1) = {}.

2.2 Sugeno integral

According to [4], the discrete Sugeno integral is a function of the following form:

Sµ(x) = max
1≤k≤n

[
min

(
x(k);µ({(k), ..., (n)})

)]
(x ∈ [0; 1]n)

where µ is a fuzzy measure on N i.e. a monotone set function µ : 2N −→ [0; 1] verifying µ(∅) = 0 and
µ(N) = 1. Moreover (.) represents a permutation on N such that x(1) ≤ x(2) ≤ ... ≤ x(n)

2.3 Lorentz (mean ) combination

The Lorentz mean of n xk values is de�ned by:

L1/3(x) =


n∑

k=1

x
1/3
k

n


3
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2.4 Description de la méthode EVAMIX

According to [5], the EVAMIX method was developed by VOOGD in 1983 and refers to mixed evaluations
(qualitative and quantitative). To compare one action with another, we �rst calculate two dominance
indices, the �rst for qualitative evaluations and the second for quantitative evaluations. These two indices
are then normalised and combined to give an overall measure of dominance. Finally, the overall score for
each action is calculated and this will result in a ranking of the actions from best to worst.

3 Principle of the extension of the EVAMIX method based on the
Choquet and Sugeno integrals(EMEBICS).

Step 1: Calculating the weight of each decider we de�ne the set N = {N1, ..., NK} with Nk the number
of years of experience of decision-maker k.

µ({k}) = Nk∑K
k=1Nk

et µ({k}, {k + 1}, ..., {K}) = µ({k}) + µ({k + 1}) + ...+ µ({K})

Step 2: Global weight per criterion of the k decision-makers
Pj =


K∑
k=1

(pkj )
1/3

n


3

, ; j = 1, ...,M

P = {p1, p1, ..., pM}

(2)

With pkj the weight assigned to criterion gj by decision-maker k.

Step 3: Calculation of the dominance index of the actions αl
ij and βl

ij for a given decision-maker dl.
αl
ii′ =

[∑
k∈O

{
plk × sgn(glk(ai)− glk(aj))

}c
]1/c

βl
ij =

[∑
∈C

{
plk × (glk(ai)− glk(aj))

}c]1/c
i, j ∈ {1, ..., N} , k ∈ {1, ...,M} , l ∈ {1, ..., S} , c = 1

with sgn(glk(ai)−glk(aj)) =


−1 si glk(ai) < glk(aj)

0 si glk(ai) ≃ glk(aj)

1 si glk(ai) > glk(aj)

(3)
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Step 4: Normalise the dominance index αl
ij and βl

ij of the actions
δlij =

(αl
ij−α−)

(α+−α−)
(attribues ordinales)

dlij =
(βl

ij−β−)

(β+−β−)
(attribues cardinales)

i, j ∈ {1, ..., N} ; l ∈ {1, ..., S}

(4)

α+ = max
1≤i,j≤N

(
αl
ij

)
; β+ = max

1≤i,j≤N

(
βl
ij

)
, α− = min

1≤i,j≤N

(
αl
ij

)
et β− = min

1≤i,j≤N

(
βl
ij

)
et l ∈ {1, ..., S}.

Step 5: Normalised overall dominance index deltaij and dij of actions
αij =

S∑
l=1

[
δ
[l]
ij − δ

[l−1]
ij

]
× µ({l}) + µ({l + 1}) + ...+ µ({S})

dij = max
1≤k≤K

[
min(d

[k]
ij ;µ({k}, {k + 1}, ..., {K}))

]
i, j = 1, . . . , N, l = 1, . . . , , S,

(5)

where [.] is a permutation such that δ
[1]
ij < δ

[2]
ij < ... < δ

[K]
ij et d

[1]
ij < d

[2]
ij < ... < d

[K]
ij

Step 6 Calculate the total dominance of action i over action j.
Dij = PO × αij + PC × dij i, j ∈ {1, ...,M}
PO =

∑
j∈O

Pj et PC =
∑
j∈C

Pj
(6)

Step 7 Calculating the overall score by action.

Si =

∑
j

Dji

Dij

−1

i, j ∈ {1, ...,M} (7)

S(ai) > S(aj) means that share ai is better than share aj .

3.1 Application to the choice of the best site

We obtain a family of criteria: C = {c1, c2, c3, c4} where c1 is the reception capacity of the site, c2 the
cost of developing the site, c3 the resistance of the site to climatic hazards, c4 the duration of the work
and a family of alternatives: A={pabre site, famagan site, nioko site, loumbila site }. Each of these three
decision-makers constructs its judgement matrix as follows:

Table 1: decision maker 1(the coordinator)/D1

c1 c2 c3 c4
weight 6 5 4 7

pabre good 5 not very important 7

famagan quite good 6 important 7

nioko fair 7 very important 1

loumbila fair 4 less important 2
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Table 2: decision-maker 2(the engineer)/D2

c1 c2 c3 c4
weight 4 3 7 5

pabre quite good 2 very important 4

famagan fair 7 very important 3

nioko good 8 not very important 1

loumbila fair 1 not very important 2

Table 3: decision maker 3(the director)/D3

c1 c2 c3 c4
weight 1 5 2 4

pabre good 2 not very important 6

famagan very good 8 less important 3

nioko fair 4 very important 7

loumbila good 3 less important 4

Table 4: Number of years of experience of decision-makers

d1 d2 d3
Year of experience 5 8 3

Table 5: Level of importance of each decision-maker

{d1} {d2} {d3} {d1, d2} {d1, d3} {d2, d3} {d1, d2, d3}
measure µ 0.33 0.46 0.2 0.79 0.53 0.66 1

Table 6: matrix of overall criteria weights

d1 d2 d3 Pj =


3∑

k=1

(pkj )
1/3

n


3

c1 6 4 1 3.16

c2 5 3 5 4.25

c3 4 7 2 3.99

c4 7 5 4 5.23
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Table 7: Index of dominance of actions in the cardinal criteria of D1

pabre famagan nioko loumbila

pabre 0 -5 32 40

famagan 5 0 37 45

nioko -32 -37 0 8

loumbila -40 -45 -8 0

Table 8: Index of dominance of actions in the D1 ordinal criteria

pabre famagan nioko loumbila

pabre 0 2 2 2

famagan -2 0 2 10

nioko -2 -2 0 4

loumbila -2 -10 -4 0

Table 9: Action dominance index in D2 cardinal criteria

pabre famagan nioko loumbila

pabre 0 -10 -3 13

famagan 10 0 7 23

nioko 3 -7 0 16

loumbila -13 -23 -16 0

Table 10: Action dominance index in D2 ordinal criteria

pabre famagan nioko loumbila

pabre 0 4 3 7

famagan -4 0 3 3

nioko -3 -3 0 4

loumbila -7 -3 -4 0

Table 11: Index of dominance of actions in the cardinal criteria of D3

pabre famagan nioko loumbila

pabre 0 -18 -14 3

famagan 18 0 4 21

nioko 14 -4 0 17

loumbila -3 -21 -17 0

Table 12: Index of dominance of actions in the D3 ordinal criteria

pabre famagan nioko loumbila

pabre 0 -3 -1 -2

famagan 3 0 -1 1

nioko 1 1 0 2

loumbila 2 -1 -2 0
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Table 13: Index of di�erential dominance of actions in the D1 ordinal criteria

pabre famagan nioko loumbila

pabre 0,5 0.6 0.6 0.6

famagan 0.4 0.5 0.6 1

nioko 0.4 0.4 0.5 0.7

loumbila 0.4 0 0.3 0.5

Table 14: Index of di�erential dominance of actions in the D2 ordinal criteria

pabre famagan nioko loumbila

pabre 0,5 0.78 0.71 1

famagan 0.21 0.5 0.71 0.71

nioko 0.28 0.28 0.5 0.78

loumbila 0 0.28 0.21 0.5

Table 15: Index of di�erential dominance of actions in the D3 ordinal criteria

pabre famagan nioko loumbila

pabre 0,5 0 0.33 0.16

famagan 1 0.5 0.33 0.66

nioko 0.66 0.66 0.5 0.83

loumbila 0.83 0.33 0.16 0.5

Table 16: Index of di�erential dominance of actions in the D1 cardinal criteria

pabre famagan nioko loumbila

pabre 0.5 0.44 0.85 0.94

famagan 0.55 0.5 0.91 1

nioko 0.14 0 .08 0.5 0.58

loumbila 0.05 0 0.41 0.5

Table 17: Index of di�erential dominance of actions in the D2 cardinal criteria

pabre famagan nioko loumbila

pabre 0.5 0.28 0.43 0.78

famagan 0.71 0.5 0.65 1

nioko 0.56 0.34 0.5 0.84

loumbila 0.21 0 0.15 0.5

Table 18: Index of di�erential dominance of actions in the cardinal criteria of D3

pabre famagan nioko loumbila

pabre 0.5 0.07 0.16 0.57

famagan 0.92 0.5 0.59 1

nioko 0.83 0.40 0.5 0.90

loumbila 0.42 0 0.09 0.5
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Table 19: Index of overall di�erential dominance of stocks in cardinal criteria

α11 α12 α13 α14 α21 α22 α23 α24 α31 α32 α33 α34 α41 α42 α43 α44

d1 0.5 0.44 0.85 0.94 0.55 0.5 0.91 1 0.14 0.08

d2 0.5 0.28 0.43 0.78 0.71 0.5 0.65 1 0.56 0.34

d3 0.5 0.07 0.16 0.57 0.92 0.5 0.59 1 0.83 0.40

αij =

3∑
l=1

[
δ
[l]
ij − δ

[l−1]
ij

]
× [µ({l}) + µ({l + 1}) + ...+ µ({3})] 0.5 0.24 0.42 0.74 0.70 0.5 0.68 1 0.47 0.27

α31 α32 α33 α34 α41 α42 α43 α44

d1 0.14 0.08 0.5 0.58 0.05 0 0.41 0.5

d2 0.56 0.34 0.5 0.84 0.21 0 0.15 0.5

d3 0.83 0.40 0.5 0.90 0.42 0 0.09 0.5

αij =

3∑
l=1

[
δ
[l]
ij − δ

[l−1]
ij

]
× [µ({l}) + µ({l + 1}) + ...+ µ({3})] 0.47 0.27 0.5 0.59 0.2 0 0.18 0.5

Table 20: Index of overall di�erential dominance of actions in ordinal criteria

α11 α12 α13 α14 α21 α22 α23 α24 α31 α32 α33 α41 α42 α43 α44

d1 0.5 0.6 0.6 0.6 0.4 0.5 0.6 1 0.4 0.4 0.5 0.7 0.4 0.3 0.5

d2 0.5 0.78 0.71 1 0.21 0.5 0.71 0.71 0.28 0.28 0.5 0.78 0 0.28 0.21 0.5

d3 0.5 0.78 0.71 1 0.21 0.5 0.71 0.71 0.28 0.28 0.5 0.78 0 0.28 0.21 0.5

dij = max
1≤k≤3

[
min(d

[k]
ij ;µ({k}, {k + 1}, ..., {3}))

]
0.5 0.66 0.66 0.66 0.21 0.5 0.66 0.71 0.28 0.28 0.5 0.7 0.2 0.28 0.21 0.5

α33 α34 α41 α42 α43 α44

d1 0.5 0.7 0.4 0 0.3 0.5

d2 0.5 0.78 0 0.28 0.21 0.5

d3 0.5 0.78 0 0.28 0.21 0.5

dij = max
1≤k≤3

[
min(d

[k]
ij ;µ({k}, {k + 1}, ..., {3}))

]
0.5 0.7 0.2 0.28 0.21 0.5

Table 21: Total dominance

D11 D12 D13 D14 D21 D22 D23 D24 D31 D32 D33 D34 D41 D42 D43 D44

8.32 7.09 8.85 11.84 8.23 8.32 11.27 14.61 6.59 4.63 8.32 10.66 3.38 2.04 3.29 8.32

Table 22: textbfThe overall score and ranking of actions

S1(pabre) S2(famagan) S3(nioko) S3(loumbila)

0.31 0.22 0.19 0.06

1st 2nd 3rd 4th
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4 Results

Using the extension of the EVAMIX method to solve multi-decider multicriteria problems with an order
of importance for each decision-maker produces a ranking of alternatives from best to worst. It also
reduces the compensation between strong and weak criteria.

5 Limit

Like any aggregation function, our method certainly has its limits. An implementation could give us
a better idea of these limits. In addition, the lack of a comparison with other existing methods in the
literature could constitute a limitation.

6 Conclusion

The EMEBICS method was used to solve a group decision problem using the order of importance of the
decision-makers. The simulation and application enabled us to identify the Pabre site as the best choice.
However, like all methods, it is not without its shortcomings. Our future research will therefore focus on
its implementation, algorithmic complexity and the robustness of the results obtained.
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