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ELECTRE IS requires the decision maker (DM) to specify several parameters such as weights, pseudo-criteria
thresholds and the concordance level. Among these parameters, the concordance level has a significant effect on
the outranking relation. And the number of alternatives selected may be sensitive to the value of these
parameters. Therefore the DM may have to perform many iterations to obtain the desired number of alternatives
in the kernel set. In this study, we developed a mixed-integer programming (MIP) model to elicit the
concordance level and thereby to choose the desired number of alternatives in the kernel set. The MIP model can
be applied in the interactive process so that the pseudo-criteria thresholds are adjusted according to the results of
MIP model. Using the MIP model in the interactive process, we can reduce the number of iterations needed to

perform ELECTRE IS.
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Figure 1. The restricted outranking relations depicted according
to the concept of pseudo-criterion.
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Table 1. Scores of alternatives and weights for each criteria

criteria
81 g2 83
(price,$) (safety) (design)
a,(HMC) 22,000 28 69
Itern-
atem= 1 (Toyota) | 28,500 39 78
atives
a4(Volvo) 33,000 52 46
weights 0.45 0.35 0.20
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Figure 2. General procedure of ELECTRE IS.
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Figure 3. Interactive process for setting parameters
for the proposed MIP model.
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Table 6. Number of failures in selecting the desired number of alternatives ( 4 ,) for different level of selection ratios
(The number of experiments for each case is 100)

selection number of criteria
ratio(r) ( ) 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 |average

5 (1) 3 3 0 2 6 3 6 17 19 20 26 20 11 38 21 33 14.3

6 (1) 12 0 0 4 5 5 6 11 13 6 6 23 10 21 20 22 10.3

7 (1) 2 3 3 1 4 4 2 4 10 2 4 13 17 17 17 24 79

8 (1) 1 0 1 2 1 2 4 6 8 9 9 8 11 14 17 25 7.4

9 (1) 4 2 1 4 2 2 1 5 10 5 8 10 9 9 13 25 6.9

10 (1) 3 1 1 2 3 4 5 3 5 13 4 8 10 9 15 14 6.3
11 (1) 1 3 2 0 2 2 0 4 6 2 3 7 7 6 13 16 4.6
12 (1) 3 3 3 0 3 1 1 3 2 4 10 6 8 12 6 11 4.8
10% 13 (1) 1 3 1 0 1 2 1 5 3 6 1 5 8 15 10 11 4.6
14 (1) 3 1 0 0 1 0 0 5 4 1 2 9 1 3 10 14 3.4
15 (2) 4 2 2 4 4 1 4 2 1 1 1 0 0 0 1 5 2.0
16 (2) 3 0 3 5 2 0 4 0 0 0 1 1 2 1 3 6 1.9
17 (2) 1 4 4 3 3 2 2 1 1 0 0 2 1 2 2 2 1.9
182 | 2 1 |46 4] 40|02 0]0]0 3 1 3 3 2.1
19 (2) 0 3 3 2 4 4 2 1 0 0 1 0 2 1 2 1 1.6
202) | 0 3 4 4 3 5 2 2 1 2 0 0 0 1 1 1 1.8
average | 2.7 | 20 | 20 | 24 | 30 | 26 | 25 | 43 | 53 | 44 | 48 | 70 | 6.3 | 94 | 9.6 | 13.3 5.1
5(2) 5 2 3 6 5 5 4 10 3 2 0 2 1 0 0 1 3.1
6 (2) 5 0 2 6 6 6 5 6 6 7 4 3 3 0 1 2 39
7 (2) 3 1 0 4 9 5 5 9 2 4 2 0 0 2 3 3 3.3
8 (2) 0 2 0 4 7 10 7 6 2 2 1 2 0 0 0 2 2.8
9 (3) 2 2 0 0 1 1 5 1 0 2 2 4 4 3 3 3 2.1
10 (3) 0 0 3 0 0 0 1 2 1 2 8 2 7 4 5 11 2.9
11 (3) 1 4 4 0 1 2 1 0 1 1 2 4 1 4 4 7 2.3
12 (4) 0 0 0 2 1 2 2 1 0 0 0 1 4 5 9 9 2.3
30% 13 (4) 0 2 6 3 2 2 3 2 2 2 0 1 3 2 1 1 2.0
14 (4) 2 1 3 3 5 4 4 1 0 3 2 2 2 2 0 1 2.2
556)| 0 | 2 2 2 1 3] 5 1| 4 1 2 |0 2 0 1 1 17
16 (5) 2 1 4 4 5 2 1 1 0 0 0 1 0 1 0 2 1.5
17 (5) 0 0 3 0 2 1 2 0 1 1 1 0 2 2 1 4 1.3
18 (5) 0 1 4 3 3 1 2 2 0 1 0 0 1 0 2 0 1.3
196) | 0 1 1 1 3 3 1 1 0 1 0 0 1 0 0 1 0.9
20 6) | 1 2 1 3 6 2 0 4 0 1 0 0 0 0 0 0 1.3
average | 1.3 | 1.3 | 23 | 26 | 36 | 3.1 | 30|29 |14 |19 |15 |14 |19 |16 | 19| 30 2.2
5 (3) 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0.2
6 (3) 0 0 1 0 1 0 1 0 1 1 0 1 0 0 1 2 0.6
7 (4) 0 0 0 0 1 1 0 0 1 1 1 0 0 0 0 0 0.3
8 (4) 0 0 0 1 2 0 1 1 1 1 0 2 1 0 0 1 0.7
9 (5) 0 0 0 1 2 1 0 1 0 1 0 1 2 0 0 0 0.6
105)| 0 0 2 0 0 3 2 0 0 2 1 3 0 0 0 0 0.8
11 (6) 0 1 0 1 0 0 0 0 0 0 1 2 3 0 0 0 0.5
12 (6) 0 0 1 0 4 3 0 0 1 4 2 2 1 0 0 0 1.1
50% 13 (7) 4 1 0 0 1 3 1 2 1 1 1 4 6 2 1 0 1.8
14 (7) 0 0 1 2 0 1 3 6 1 2 1 0 0 1 0 2 1.3
15 8) | 2 1 3 1 0 1 3 3 3 3 1 3 1 0 1 0 1.6
16 8) | 2 0 0 1 0 3 4 4 2 2 1 0 3 0 2 1 1.6
17 (9) 0 0 1 2 0 1 2 5 3 6 4 9 4 0 4 3 2.8
18 (9) 0 1 2 0 1 1 0 1 0 0 4 4 0 4 1 4 1.4
19 (10)| O 0 3 3 2 1 2 0 0 0 2 3 0 3 5 1 1.6
20 (10)| 3 1 3 0 3 2 3 3 3 6 2 2 0 2 1 1 2.2
average | 0.7 | 03 |11 |08 |11 |14 |14 |16 |11 |19 |13 |23 |13 |08 |10 |09 1.2

¥ n is the number of potential alternatives, and A, is the desired number of alternatives to be chosen in kernel set.
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3.4
1.9
1.6
1.5
1.9
0.9
0.9
0.8
0.6
0.5
0.4
0.4
0.2
0.3
0.3
0.1
1.0
14
1.9
11
0.8
0.3
0.2
0.4
0.4
0.5
0.4
0.6
0.3
0.1
0.1
0.2
0.6
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.1
0.2
0.1
0.3
0.3
0.9
0.3
0.4
0.8
0.2

average
0.4

20
3.8
0.8
0.2

19
10
2.3
0.6
0.6

18
11
2.3
0.4
0.2

17
1.6
0.8
0.3

16
1.2
0.6
0.2

15
1.1
0.6
0.4

14
0.5
0.5
0.3

13
0.9
0.3
0.2

number of criteria
12
0.6
0.5
0.3

11
0.4
0.5
0.3

10
0.1
0.6
0.0

0.1
0.6
0.2

0.0
0.5
0.1

0.2
0.5
0.1

0.1
0.2
0.1

0.4
0
0.4

0.9

n

(The number of experiments for each case is 100)
(A

10 (1)
11 (1)
12 (1)
13 (1)
14 (1)
15 (2)
16 (2)
17 ()
18 (2)
19 ()
20 (2)
average
10 (3)
11 (3)
12 (4)
13 (4)
14 (4)
15 (5)
16 (5)
17 (5)
18 (5)
19 (6)
20 (6)
average
10 (5)
11 (6)
12 (6)
13 (7)
14 (7)
15 (8)
16 (8)
17 (9)
18 (9)
19 (10)
20 (10)
average

Table 7. Number of failures in selecting a number of alternatives ( 4, or A ,+1) for the selection ratio of 10%

ratio(r)
10%
30%
50%

selection
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Figure 6. Number of failures in selecting the desired number of
alternatives ( 4 ) for different sets of A ,.
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Figure 7. Number of failures in selecting desired number of
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