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tter to order a table like this...?

Best cities ranking subset - Evaluation table

Perm 1 2 3 4 5 6
City Stability Healthcare Culture and Education Infrastructure Spatial
Environment Characteristics

1 Hong Kong 95 87.5 85.9 100 96.4 75
2 Stockholm 95 95.8 91.2 100 96.4 58.9
3 Rome 80 87.5 91.7 100 92.9 67.3
4 New York 70 91.7 91.7 100 89.3 65.2
5 Atlanta 85 91.7 91.7 100 92.9 42.9
6 Buenos Aires 70 87.5 85.9 100 85.7 423
7 Santiago 75 70.8 89.1 83.3 85.7 35.1
8 Sao Paulo 60 70.8 80.3 66.7 66.1 52.4
9 Mexico City 45 66.7 82.4 75 46.4 65.8
10 New Delhi 55 58.3 55.6 75 58.9 58.6
11 Istanbul 55 50 68.8 58.3 67.9 475
12 Jakarta 50 45.8 59.3 66.7 57.1 423
13 Tehran 50 62.5 35.9 50 339 53.6
14 Dakar 50 41.7 59.7 50 375 22.6
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or like this...?

Best cities ranking subset - Evaluation table

Perm 5 4 1 3 2 6
City Infrastructure Education Stability Culture and Healthcare Spatial
Environment Characteristics

5 Atlanta 92.9 100 85 91.7 91.7 42.9
6 Buenos Aires 85.7 100 70 85.9 87.5 42.3
14 Dakar 375 50 50 59.7 41.7 22.6
1 Hong Kong 96.4 100 95 85.9 87.5 75
11 Istanbul 67.9 58.3 55 68.8 50 47.5
12 Jakarta 57.1 66.7 50 59.3 45.8 423
9 Mexico City 46.4 75 45 82.4 66.7 65.8
10 New Delhi 58.9 75 55 55.6 58.3 58.6
4 New York 89.3 100 70 91.7 91.7 65.2
3 Rome 92.9 100 80 91.7 875 67.3
7 Santiago 85.7 83.3 75 89.1 70.8 35.1
8 Sao Paulo 66.1 66.7 60 80.3 70.8 52.4
2 Stockholm 96.4 100 95 91.2 95.8 58.9
13 Tehran 33.9 50 50 35.9 62.5 53.6
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or with some colors and "smart” reordering?

Crit4 Crit5 Crit3 Critl Crit6 Crit2 NetFlows
A2 589]  958| 0,704808]
Al 75 87,5| 0,694231
A3 67,3 87,5| 0,667308
A4 65,2 91,7| 0,541346
A5 42,9 91,7| 0,446154
A6 42,3 87,5 0,030769
A7 35,1 70,8| -0,03846
A8 52,4 70,8| -0,14615
A9 65,8 66,7 -0,17885
A10 58,6 58,3| -0,30865
All 47,5 50| -0,35481
Al13 53,6 62,5 -0,575
Al12 42,3 45,8( -0,65577
Al4 22,6 41,7| -0,82692
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We can use PROMETHEE-GAIA to enrich evaluation

tables with multicriteria information

Analyse visuelle globale
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GAIA plane for the best cities subset
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We can order alternatives and criteria on basis of netflows,

weights, angle and proximity found in GAIA

Possibilities for the alternatives:
m Netflow
m Angle
m Proximity
Possibilities for the criteria:
m Weights
m Angle

m Proximity
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We can use PROMETHEE-GAIA to enrich evaluation

tables with multicriteria information

Analyse visuelle globale
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4 combinations of orders are actually interesting

Combinations of orders and chosen representations

Order of criteria

Weights Angle Proximity
Order Netflows O O X
of Angle X O X
alternatives | Proximity X X O
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The Netflow-Angle view can group all the good and bad

alternatives

Crit5 Crit3 Critl Crit6 Crit2 NetFlows
A2 91,2 589 958] 0,704808]
AL 85,9 75 87,5( 0,694231
A3 91,7 80 67,3 87,5| 0,667308
A4 91,7 70 652 91,7| 0,541346
AS 91,7 85 42,9 91,7| 0,446154
A6 85,7 85,9 70 42,3 87,5| 0,030769
A7 83,3 85,7 89,1 75 35,1 70,8| -0,03846
A8 66,7 66,1 80,3 60 52,4 70,8| -0,14615
A9 75 46,4 82,4 45 65,8 66,7| -0,17885
A10 75 58,9 55,6 55 58,6 58,3| -0,30865
All 58,3 67,9 68,8 55 47,5 50| -0,35481
A13 50 33,9 35,9 50 53,6 62,5 -0,575
Al12 66,7 57,1 59,3 50 42,3 45,8 -0,65577
Al4 50 37,5 59,7 50 226 41,7| -0,82692

Best cities subset - Netflow-Angle
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The Netflow-Weight view can highlight characteristics that

may have greater impact on the decision

A2
Al
A3
A4
A5
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A7
A8
A9
A10
All
A13
Al12
Al4

Crit6

B8
52,4
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47,5
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42,3
22,6

Critl

80
70
85
70
75
60
45
55
55
50
50
50

91,2
85,9
91,7
91,7
91,7
85,9
89,1
80,3
82,4
55,6
68,8
8510
5315
59,7

Crit5 Crit4 NetFlows

0,704808
0,694231
0,667308
0,541346
0,446154
85,7 0,030769

85,7 -0,03846

70,8 66,1 -0,14615
66,7 46,4 -0,17885
58,3 58,9 -0,30865
50 67,9 -0,35481
62,5 33,9 -0,575
45,8 57,1 -0,65577
41,7 BIS) -0,82692

Best cities subset - Netflow-Weight
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The Angle-Angle view can show profiles, from the best to

the worst to the best

Crit4 Crit5 Crit3 Critl Crit6 Crit2 NetFlows
A2 9120 95 589 0,704808
A5 91,7 85 42,9 91,7| 0,446154
A6 85,9 70 42,3 87,5| 0,030769
A7 89,1 75 35,1 70,8| -0,03846
Al4 59,7 50 22,6 41,7/ -0,82692
A12 59,3 50 42,3 45,8 -0,65577
All 68,8 55 47,5 50| -0,35481
A8 80,3 60 52,4 70,8| -0,14615
A13 35,9 50 53,6 62,5  -0,575
A10 55,6 55 58,6 58,3| -0,30865
A9 82,4 45 65,8 66,7| -0,17885
AL 859/ 95 75 87,5 0,694231
A3 91,7 80 67,3 87,5| 0,667308
A4 91,7 70 65,2 91,7| 0,541346

Best cities subset - Angle-Angle
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The Proximity-Proximity view can group the highest values

Crit2 Crit4 Crit5 Crit3 Critl Crit6 NetFlows
A4 89,3 91,7 70 65,2| 0,541346
A3 91,7 80 67,3 0,667308
Al 85,9 75| 0,694231
A2 91,2 58,9 0,704808
A5 91,7 85 42,9( 0,446154
A6 85,7 85,9 70 42,3( 0,030769
A7 70,8 83,3 85,7 89,1 75 35,1| -0,03846
A9 66,7 75 46,4 82,4 45 65,8 -0,17885
A10 58,3 75 58,9 55,6 55 58,6 -0,30865
A13 62,5 50 33,9 35,9 50 53,6 -0,575
A8 70,8 66,7 66,1 80,3 60 52,4| -0,14615
All 50 58,3 67,9 68,8 55 47,5 -0,35481
A12 45,8 66,7 57,1 59,3 50 42,3 -0,65577
Al4 41,7 50 37,5 59,7 50 22,6| -0,82692

Best cities subset - Proximity-Proximity
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How to evaluate different representations?

Developing an optimization indicator: the V-indicator

V is the number of "ordered” pairs for each row and column:

n m
V=> Vi+) V;
i=1 j=1

where

m V,;. is the V value of the i-th row:

m m
Vi = Z Z ]1k<l]1fk(a,-)2f/(ai)
k=1 I=k+1

m V. is the V value of the j-th column:

n

n
Vi=> Y licilga)>f(a)
k=1 I=k+1
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How to evaluate different representations?

Developing an optimization indicator: the V-indicator

V is the number of "ordered” pairs for each row and column

Best cities ranking subset - Evaluation table - V-indicator computation

City Stability Healthcare Culture and Education Infrastructure Spatial Vi.
Environment Characteristics
Hong Kong 95 87.5 85.9 100 96.4 75 9
Stockholm 95 95.8 91.2 100 96.4 58.9 8
Rome 80 87.5 91.7 100 92.9 67.3 6
New York 70 91.7 91.7 100 89.3 65.2 9
Atlanta 85 91.7 91.7 100 92.9 429 7
Buenos Aires 70 87.5 85.9 100 85.7 42.3 9
Santiago 75 70.8 89.1 83.3 85.7 35.1 8
Sao Paulo 60 70.8 80.3 66.7 66.1 52.4 10
Mexico City 45 66.7 82.4 75 46.4 65.8 7
New Delhi 55 58.3 55.6 75 58.9 58.6 4
Istanbul 55 50 68.8 58.3 67.9 475 8
Jakarta 50 458 59.3 66.7 57.1 423 8
Tehran 50 62.5 35.9 50 33.9 53.6 9
Dakar 50 41.7 59.7 50 37.5 22.6 12
V. 82 83 76 88 84 66 V =593
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Best tables found with a classical genetic algorithm

Cid s G2 ccrt6 Netflows
g o

(a) Best found table

e cits_cr3

(b) Netflow-Angle

Best cities subset
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How to compare the representations?

Defining a ratio R based on the V-indicator

Defined to keep the comparisons as objective as possible, independently of
the table size

v - vworst

R= —— >
vbest - vworst

where Vpes: is the best V found with our genetic algorithm and Vo5t is
the value associated to the worst feasible table
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Case study 1: best cities ranking

Analyse visuelle globale
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Best cities ranking representations

(a) Netflow-Angle (b) Netflow-Weight

Best cities ranking

2nd International MCDA Workshop on PROMETHEE:Research and Case Studies 18



Best cities ranking representations

(c) Angle-Angle (d) Proximity-Proximity

Best cities ranking (cont.)
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Case study 2: Environmental Performance Index
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The 2014 EPI Framework includes 9 issues and 20 indicators. Access to Electricity is not included
in the figure because it is not used to calculate country scores.
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Case study 2: Environmental Performance Index (EPI)

Analyse visuelle globale
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EPI representations
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(b) Netflow-Weight
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EPI representations
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(d) Proximity-Proximity
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Comparing the representation with the ratio R

Multicriteria-enriched tables can still hold ordinal properties

Best cities ranking subset Best cities ranking Environmental Performance Index
Unicriterion Flows i Unicriterion Flows i | Unicriterion flows
Nabla R Nabla R Nabla R Nabla R Nabla R

[GA Best 648 603 13535) 13289) 1465
(GA Worst 129 205 2962 3199) 338
Netflow-Angle 625 589 13149) 13209) 1430)
Netflow-Weight 33| 76,95% 597, 12959 13186 1439
[Angle-Angle 224 5511% 388 7662] 7722 1214
Proxi-Proxi 511H 567 12695) 12475 1417

2nd International MCDA Workshop on PROMETHEE:Research and Case Studies 24



Conclusion

m Multicriteria-enriched evaluation table can give an interesting insights
into a problem

m Development of the V-indicator and the ratio R to evaluate and
compare the representations

m The PROMETHEE-based tables still hold good ordinal properties
while giving multicriteria information
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