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Outline 

• Brief reminder about PROMETHEE and GAIA 

• Main topics developed since 2007 (SMG); 

– Software implementations 

– Preference elicitation 

– Sorting and clustering 

– Visual representations (application to GIS) 

– Rank reversal 

• Directions for future research 
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 PROMETHEE in a nutshell (1)  

• A finite set of alternatives: 

A={a1,a2,..,an} 

• A set of criteria: 

F={f1,f2,..,fq} 

• W.l.g. these criteria have to be maximized 
 

• Step 1: computation of unicriterion preferences degrees 
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 PROMETHEE in a nutshell (2)  

• Step 2: Computation of preference degrees: 

 

 

 

• Step 3: Computation of flow scores: 
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More formally: 



GAIA in a nutshell (1) 

• We have: 

 

 

 

 

• Where 

 

 

• In other words, every alternative can be represented by 

a vector: 
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GAIA in a nutshell (2) 
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Principal component analysis 

D value 



Software implementations 



Software implementations 

• Long story: PROMCALC, DECISION LAB 2000 

• Spin-off project funded by the Walloon Region (2007-

2010) 

• D-SIGHT desktop  

• D-SIGHT web Session C – 2nd presentation 

• Innoviris award in 2012 « Jeune entreprise innovante » 

• But also Decision Deck, Smart Picker, Visual Promethee, 

… 
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Hayez, Q., De Smet, Y. and Bonney, J. “D-Sight: a new decision making software 

to address multi-criteria problems” International Journal of Decision Support 

Systems Technologies, 4(4), 1-23 (2012) 

 



Areas of Expertise 
 

D-Sight has been developing specific expertise in 

certain industries over the past years. We are 

proud of having excellent customers, which help 

us developing and improving our software 

solutions. 

 

Environmental Analysis 

Projects Prioritization 

Vendor Selection 

D-SIGHT Projects 

Academia: 50 universities in 27 countries 



Preference elicitation 



Contributions: 

Eppe, S., De Smet, Y., Stützle, T. «A bi-objective optimization model to eliciting 

decision maker’s preferences for the PROMETHEE II method » Proceedings of 

ADT (2011), 56-66 (2011) 

 

Eppe, S. et De Smet, Y. « Studying the impact of information structure in the 

PROMETHEE II preference elicition process : a simulation based approach », 

14th International Conference on Information Processing and Management of 

Uncertainty in Knowledge-Based Systems, IPMU 2012, Catania, Italy, July 9-13, 

2012, LNAI Proceedings, 383-392, 2012 

 

Eppe, S. and De Smet, Y. “An adaptative questioning procedure for eleciting 

PROMETHEE II’s weight parameters” to appear in the International Journal of 

Multicriteria Decision Making (2013) 

 

Eppe, S. and De Smet, Y. “Approximating PROMETHEE II’s net flow scores by 

piecewise linear value functions” to appear in the European Journal of 

Operational Research (2013) 

 

 

11 



General idea (1) 
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General idea (2) 
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Eppe, S., De Smet, Y., Stützle, T. (2011) « A bi-objective optimization 

model to eliciting decision maker’s preferences for the PROMETHEE II 

method » Proceedings of ADT (2011), 56-66 
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• Main idea: quality and robustness 

• Distinctive feature: the DM may communicate mistakes 

(n=100,q=2) 

NSGA-II 



Eppe, S., De Smet, Y. (2012) « Studying the impact of information 

structure in the PROMETHEE II preference elicitation process: A 

simulation based approach » 14th International Conference on Information 

Processing and Management of Uncertainty in Knowledge-Based Systems, IPMU 

2012, Catania, Italy, July 9-13, 2012, LNAI Proceedings, 383-392, 2012 

 

 • Main idea: quantify information infrastructure … 
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Eppe, S., De Smet, Y. (2012) « Studying the impact of information 

structure in the PROMETHEE II preference elicitation process: A 

simulation based approach » 14th International Conference on Information 

Processing and Management of Uncertainty in Knowledge-Based Systems, IPMU 

2012, Catania, Italy, July 9-13, 2012, LNAI Proceedings, 383-392, 2012 
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Eppe, S., De Smet, Y. (2012) « Studying the impact of information 

structure in the PROMETHEE II preference elicitation process: A 

simulation based approach » 14th International Conference on Information 

Processing and Management of Uncertainty in Knowledge-Based Systems, IPMU 

2012, Catania, Italy, July 9-13, 2012, LNAI Proceedings, 383-392, 2012 

 

 



• Main idea: to overcome the limitations of the previous 

approach; pairwise comparisons have to be « well-

chosen » 

• q-Eval 
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Eppe, S., De Smet, Y.  « An adaptative questioning procedure for 

eliciting PROMETHEE II’s weight parameters » to appear in the 

International of Multicriteria decision making 
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Eppe, S., De Smet, Y.  « An adaptative questioning procedure for 

eliciting PROMETHEE II’s weight parameters » to appear in the 

International of Multicriteria decision making 
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Eppe, S., De Smet, Y.  « An adaptative questioning procedure for 

eliciting PROMETHEE II’s weight parameters » to appear in the 

International of Multicriteria decision making 
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Eppe, S., De Smet, Y.  « An adaptative questioning procedure for 

eliciting PROMETHEE II’s weight parameters » to appear in the 

International of Multicriteria decision making 
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Eppe, S., De Smet, Y.  « An adaptative questioning procedure for 

eliciting PROMETHEE II’s weight parameters » to appear in the 

International of Multicriteria decision making 
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Eppe, S., De Smet, Y.  « An adaptative questioning procedure for 

eliciting PROMETHEE II’s weight parameters » to appear in the 

International of Multicriteria decision making 

 



Sorting and clustering 

 



Contributions 
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De Smet, Y. et Gilbart, F. « A class definition method for country risk problem », 

IS-MG 2001/13 

   

Figueira, J., De Smet, Y. et Brans, J.P. « MCDA methods for sorting and 

clustering problems : Promethee TRI and Promethee CLUSTER » , IS-MG 

2004/02 

 

Nemery, Ph. and Lamboray, C.: "FlowSort : A flow-based sorting method with 

limiting and central profiles", TOP 16, 90-11 

 

De Smet, Y. “P2CLUST: an extension of PROMETHEE II for ordred clustering” to 

appear in the proceedings of the 2013 IEEE International Conference on Industrial 

Engineering and Engineering Management, Bangkok, Thaïland, (2013) 

 

 



Flowsort – main idea 

• Let us consider a set of limit (or central profiles) 
 

𝑅 = 𝑟1, 𝑟2, . . , 𝑟𝐾+1  

𝑅𝑖 = 𝑅 ∪ 𝑎𝑖  
 

• Each actions ai is sorted according to its relative 

position based with respect to the profiles according to 
 

∅𝑅𝑖(𝑎𝑖) 
 

• Complete or partial sorting 

• Idea behind P2CLUST Session A1 – 1st presentation 
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PROMETHEE and GIS 

(Karim Lidouh PhD) 

Session B2 – 4th presentation 
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Decision Clocs 

Lidouh, K., De Smet, Y. et Zimányi, E. « GAIA Map : A Tool for Visual Ranking 

Analysis in Spatial Multicriteria Problems » in Proceedings of the 13th 

International Conference on Information Visualization 2009, Barcelona – IEEE 

Computer Society, 393-402, 2009 
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Lidouh, K., De Smet, Y. and Zimányi, E. “An Adaptation of the GAIA 

Visualization Method for Cartography”, in the proceedings of the 2011 

IEEE Symposium on Computational Intelligence in Multicriteria Decision-

Making, France, 29-35, 2011 



Rank reversal 

Session A1 – 5th presentation 



Rank reversal (1) 

• Rank reversal … 

– AHP: Belton and Gear (1983), Saaty and Vargas (1984), 

Triantaphyllou (2001), Wang and Elhag (2006), Wijnmalen and 

Wedley (2009) 

– ELECTRE: Wang and Triantaphyllou (2005) 

– PROMETHEE: De Keyser and Peeters (1996) 

• The concept of rank reversal is not fully formalized (add 

a copy of an alternative, deletion of a non discriminating 

criterion, deletion of an alternative, …) 

• A direct consequence of Arrow’s theorem 

• Positive results: 

– Dominance 

– Non discriminating criterion 
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Contributions 
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Mareschal, B., De Smet, Y. and Nemery, P. “Rank Reversal in the PROMETHEE II 

Method : Some New Results”, proceedings of de IEEE 2008 International 

Conference on Industrial Engineering and Engineering Management, Singapore, 

959-963 (2008) 

 

Roland, J., De Smet, Y. and Verly, C. “Rank reversal as a source of uncertainty 

and manipulation in the PROMETHEE II ranking : a first investigation” to appear 

in the proceedings of the IPMU 2012 conference (LNAI) 

 

Verly, C. and De Smet, Y. “Some considerations about rank reversal occurrences 

in the PROMETHEE methods” accepted for publication in the International Journal 

of Multicriteria Decision Making. 

 

 

 

 



More general result (1) 
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Notations:                           , 

                                        

No RR 

 

 
 

No RR (for any action removed) if  

if if 



More general result (2) 
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 RR can only occur if  

 

 

 

 

 

 

Generalization:  when k actions are removed 

 

 No RR  if   

refined threshold 
(depends on the sample and (a,b)) 

rough 
threshold 
(constant) 

Mareschal, B., De Smet, Y. and Nemery, P. « Rank Reversal in the PROMETHEE II Method : Some New 

Results », proceedings of de IEEE 2008 International Conference on Industrial Engineering and 

Engineering Management, Singapore, (2008): 959-963  



More general result (3) 
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Statistical results relative to the «rough threshold» (for q 
= 2, DA=Unif) 

 

 

 

 

 

 

 

 

Conclusion: The number of RR occurences is really small. 



 More general result (4) 
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Related works for 

PROMETHEE I 

• No rank reversal will happen between ai 

and aj if 
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Rank reversal = risk of 

manipulation 
• Joint work with Julien Roland and Céline Verly (to appear 

in the proceedings of the IPMU 2012 conference) 

• Aim: to quantify the likelihood of manipulation in a 

simplified version of the PROMETHEE II ranking: 

– Usual preference function and equal weights 

– Copeland scores 

• More formaly: 

– A given decision maker has a perfect information on the 

evaluation table; 

– He may propose new alternatives in order to make 

alternative ai the first one; 

– Question: how many alternatives are necessary ? 
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Linear mathematical program 
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Results for 10 alternatives 

and 3 criteria 
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Comparison with the bound 
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Current applications 

• 3D Integrated circuits (PhD A.V. Doan) Session B1 – 4th 

presentation 

 

 

 

• Sustainable security in road design (PhD R. Sarrazin) 

Session A2 – 2nd presentation 
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2. Pre-design (draft) 1. Planning 4. Construction 

5. Opening & 

Exploitation 

+ 

3. Design (detailed) 



Future/current researches 

• Rank reversal: exact conditions; 

• Management of missing values; 

• Synergies with Data Envelopement Analysis; (PhD 

Bagherikavarin) Session A2 – 2nd presentation 

• Extension of PROMETHEE to temporal evaluations; (PhD I. 

Benamar). 
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Thank you for your 

attention ;-) 
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