Determining a support site for internally displaced pupils by
extending the EVAMIX method to collective decision-making based
on the Choquet and Sugeno integral in Burkina Faso.

Hadarou YIOGO!, Zoinabo SAVADOGO?
1Joseph KI-ZERBO University, UFR-SEA /LANIBIO, Burkina Faso.E-mail: yiogohadarou95@Qgmail.com
2Joseph KI-ZERBO University, UFR-SEA /LANIBIO, Burkina Faso. E-mail: serezenab@yahoo.fr

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 identified
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 different 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 v, the Choquet integral of an action a; represented by a vector of R™ is
defined by:
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where o is the permutation which reorders the performances of a; in ascending order, that is f,(1)(a;) <
f (2)(al> <..< fa (m) (az) with fa ( ) = 0. with A {fo' fa(]—H fa(m)} and A (m+1) {}
2.2 Sugeno integral

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

Su(@) = max [min (zg: p({(k), . (m)})] (@ € [0:1]")

1<k<n

where p is a fuzzy measure on N i.e. a monotone set function u : 2¥ — [0; 1] verifying u(0) = 0 and
p(N) = 1. Moreover (.) represents a permutation on N such that z(;) < z(g) < ... <y

2.3 Lorentz (mean ) combination

The Lorentz mean of n xj, values is defined by:

Lyjs(z) = | 2= (1)

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 first calculate two dominance
indices, the first 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 define the set N = {Ny, ..., N} with Nj the number
of years of experience of decision-maker k.
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P={pi,p1,...,pm}
With pk the weight assigned to criterion g; by decision-maker k.
Step 3: Calculation of the dominance index of the actions a - and Bl for a given decision-maker d;.
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Step 4: Normalise the dominance index ozéj and ﬁll-j of the actions
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at = max (0/ ) : BT = max (ﬁ%), a” = min (oz%) et S~ = min (6%) et L € {1,...,S}.

1<ig<N \ Y 1<i,j<N 1<i j<N 1<i,j<N
Step 5: Normalised overall dominance index delta;; and d;; of actions
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lij=1,...,N,I=1,...,.8,

where [.] is a permutation such that (55] < (55] <. < 55] et dg-] < dgl <. < dgq
Step 6 Calculate the total dominance of action i over action j.
Dij:P()XOzij—f—chdij ’i,jE{l,...,M}
Po=Y P, et Po=)Y_ P (6)
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Step 7 Calculating the overall score by action.
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S(ai) > S(a;) means that share a; is better than share a;.

3.1 Application to the choice of the best site

We obtain a family of criteria: C' = {¢1, 2, c3,ca} where ¢; is the reception capacity of the site, co the
cost of developing the site, c3 the resistance of the site to climatic hazards, ¢4 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 ) 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




Table 2: decision-maker 2(the engineer)/D2

C1 C2 C3 Cq
weight 4 3 7 )
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 (&) C3 Cq4
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

di | da | ds

Year of experience

51 813

Table 5: Level of importance of each decision-maker

{di} | {do}

{ds}

{d1,da}

{di,ds} | {do,d3}

{d17 d27 d3}

measure [

0.33 | 0.46

0.2

0.79

0.53 0.66

1

Table 6: matrix of overall criteria weights
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| 641 3.16
2| 53[5 4.25
3| 472 3.99
| 7[5]4 5.23




Table 10:

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

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




Table 13: Index of differential 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 differential 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 differential 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 differential 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 differential 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 differential 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




Table 19: Index of overall differential dominance of stocks in cardinal criteria

Q] | 12 | a3 | Oaq4 | Qo1 | Qo2 | Qo3 | Qo4
dy 0.51044 | 0851094 | 055 051|091 1
doy 0510281043 078|071 |051]065]| 1
ds 0.5 10071016 0571092 051|059 1
3
aij =Y [5%1 - 5%‘”] s )+ (I +1Y) + o+ ({31 | 05 | 0.24 | 042 | 0.74 | 070 | 0.5 | 0.68 | 1
=1
as31 Q32 | (33 | (34 Q41 | Qg2 | Q43 | Qg4
dy 0.14 | 008 | 0.5 | 058 | 0.05] 0 | 041 ]| 0.5
do 056 | 034 | 05|08 ]021] 0 |0.15]| 0.5
ds 083 1040 | 051090 ]042] 0 |0.09]| 0.5
3
aij =Y [5[9 - 55.‘”] )+ (I +1Y) + o+ ({31 | 047 [ 027 [ 05 1059 | 0.2 | 0 |0.18] 0.5
=1
Table 20: Index of overall differential dominance of actions in ordinal criteria
Q11 | Qi | Q13 | Quqg | Qo1 | Qoo | Qa3 | Qg | Q31 | Q32
dy 05106 | 06|06 10405 06 1 04 | 04
do 051078 1]0.71 1 021105 (0.71]0711]028]0.28
ds 0.5 10781071 1 021105 (071]071]028]0.28
dij = 1@}3;(3 min(dy;-]; p({k}, {k+1},...,{3})) 0510660661 066]0211] 05066 /|0.71]|0.28 | 0.28
Q33 | Q34 | Q41 | Q42 | Q43 | Qqq
dy 051 07 |04 0 03 |05
do 051078 0 |028]021] 0.5
ds 051078 0 |028]021] 0.5
dij = max [min(d]): p({k}, {k + 1}, . {3}))J 05| 07 [02]028]021]05
Table 21: Total dominance
D11 | D12 | D13 | D14 | D21 | D22 | D23 | D24 | D31 | D32 | D33 | D34 | D41 | D42 | D43 | D44
832 | 7.09 | 885 | 11.84 | 823 | 832 | 11.27 | 1461 | 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
15t 2nd 3rd 4th




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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