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A short introduction to Multiple Criteria 
Decision Aid (MCDA)
The PROMETHEE method





• Usually in the decision making process a perfect option
available to suit all the criteria does not exist; therefore
a compromise must be found.

• Multi-criteria decision analysis (or better aid, MCDA) methods
have been developed to support the decision makers in their unique and personal decision
processes; they place the decision makers at the very centre of the process.

• Subjective information, also known as preference information, is provided by the decision
maker, which leads to the compromise solution.

• MCDA is a discipline that encompasses mathematics, management, informatics, psychology,
social science and economics.

• In the ranking problem options are ordered from best to worst by means of scores or pairwise
comparisons, etc. The order can be partial if incomparable options are considered, or complete.

MCDA



MCDA problems and methods*

* Table adopted from Ishizaka and Nemery (2013) 



* Table adopted from Ishizaka and Nemery (2013) 

MCDA methods and software*



Distribution papers based on application areas*

* Table adopted from Mardani et al (2015) 



Summary of applications of the DM techniques*

* Table adopted from Mardani et al (2015) 



Growth of MCDA applications in the 

environmental field*.

*I.B. Huang et al. (2011). Multi-criteria 

decision analysis in environmental sciences: 

Ten years of applications and trends. Science 

of the Total Environment 409 3578–3594.



Different types of water MCDA applications*

*Figure adopted from: Stefan Hajkowicz & Kerry Collins. “A Review of Multiple Criteria Analysis for Water Resource 
Planning and Management”. Water Resour Manage (2007) 21:1553–1566



Outranking approach: 

the PROMETHEE method



The acronym PROMETHEE stands for ‘Preference Ranking Organization

METHod for Enriched Evaluation’. Thus the PROMETHEE method will

provide the decision maker with a ranking of actions (choices or alternatives)

based on preference degrees.

The method falls into three main steps:

1. the computation of preference degrees for every ordered pair of actions

on each criterion;

2. the computation of unicriterion flows;

3. the computation of global flows.
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PROMETHEE fathers
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Master MODO, Université Paris-Dauphine

Number of papers published per year from 1982 to 

2017* 

*PROMETHEE-GAIA Statistics, 18/12/2016, http://www.promethee-gaia.net
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Fields of interest *
• 371 papers (25.0%) are theoretical papers about the PROMETHEE methodology, including many
proposals for extensions or new models.
• 1141 papers (76.9%) are related to applications of PROMETHEE in different fields. They belong to
various fields:
o 317 papers (21.4%) are related to environmental problems.
o 265 papers (17.9%) are related to services and/or public applications.
o 240 papers (16.2%) are related to industrial applications.
o 122 papers (8.2%) are related to energy.
o 95 papers (6.4%) are related to finance.
o 93 papers (6.3%) are related to water.
o 57 papers (3.8%) are related to transportation.
o 46 papers (3.1%) are related to procurement.
o 23 papers (1.5%) are related to health care.
o 16 papers (1.1%) are related to mining.
o 23 papers (1.5%) are related to other fields of application.

(note: some papers are related to multiple fields so that the total of the above percentages is larger
than 100%)

*PROMETHEE-GAIA Statistics, 18/12/2016, http://www.promethee-gaia.net

http://www.promethee-gaia.net/
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An idealized — abstract and simplified — representation of a real-world situation that is

to be studied and/or analyzed.

Models*

A mathematical description of (usually) a real-world problem. In operations

research/management science, mathematical models take on varied forms (e.g., linear

programming, queueing, Markovian systems), many of which can be applied across

application areas. The basic OR/MS mathematical model can be described as the

decision problem of finding the maximum (or minimum) of a measure of effectiveness

(objective function) E = F(X, Y), where X represents the set of possible solutions

(alternative decisions) and Y the given conditions of the problem.

*Gass, SI, Fu, MC, 2013 (eds). Encyclopedia of Operations Research and Management Science. Springer US



g1 g2 g3
…

w1 w2 w3 …

a g1(a) g2(a) g3(a) …

b g1(b) g2(b) g3(b) …

c …

… …

1. Define the 

actions 

(alternatives)

2. Define the 

criteria

3. Define model 

preferences

PROMETHEE model





• Where is the best possible location for each of the new facilities
• How is market demand allocated among new and existing facilities
• What will happen to the already existing facilities
• What are the interactions among the new facilities
• Which are the precise criteria for optimization
• What will happen to new and existing facilities under certain future scenarios
• What should the production capacity of each new facility be
• What will be the impact on the environment

• Owen SH, Daskin MS (1998) Strategic facility location: A review. European Journal of Operational

Research 111(3):423-447

• ReVelle CS, Eiselt HA (2005) Location analysis: A synthesis and survey. European Journal of

Operational Research 165(1):1-19

The facility location problem



Problem Statement
The local authorities of a municipality are cooperating with
the central government in order to identify the best site out
of 6 possible choices for locating a major water
infrastructure supply facility for a city or a region, taking
into account a number of criteria, namely:

1. the investment size,
2. the employment requirements,
3. the social impact and
4. the environmental impact.

The first two criteria are quantitative variables with
deterministic values, while the other two are qualitative and
rated as a typical Likert scale, ranging from 1 (worst) to 7
(best).



The problem hierarchical structure

Goal

C1

Investment

size

C2

Employment

requirements

C3

Social Impact

C4

Environmental 

impact

S1 S2 S3 S6S5S4



Investment 

(million €) 

Employment 

(hundred 

employees)

Social Impact

(1 to 7)

Environmental 

impact 

(1 to 7)

Weight 0.25 0.25 0.25 0.25

Site 1 8 7 2 1

Site 2 5 3 7 5

Site 3 7 5 6 4

Site 4 9 9 7 3

Site 5 11 10 3 7

Site 6 6 9 5 4

Data for the numerical example



Linear (left) and Gaussian (right) preference 

functions

q: indifference threshold

p: preference threshold



Three linear preference functions







Computation of the preference degree when the difference is 3500 and

q = 2000 and p = 5000



Preference parameters of all the criteria
Criterion Function wi qi pi

Investment 

(million €)  
Usual 0.25 0 0

Employment 

(hundred employees) 
Usual 0.25 0 0

Social Impact 

(1 to 7) 
Usual 0.25 0 0

Environmental impact 

(1 to 7) 
Usual 0.25 0 0



Step 1: Differences between the evaluations of the 
sites on the investment criterion

Difference Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Site 1 0 3 1 -1 -3 2

Site 2 -3 0 -2 -4 -6 -1

Site 3 -1 2 0 -2 -4 1

Site 4 1 4 2 0 -2 3

Site 5 3 6 4 2 0 5

Site 6 -2 1 -1 -3 -5 0



Step 2: Pairwise comparison matrix for the criterion 
investment

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Site 1 0 1 1 0 0 1

Site 2 0 0 0 0 0 0

Site 3 0 1 0 0 0 1

Site 4 1 1 1 0 0 1

Site 5 1 1 1 1 0 1

Site 6 0 1 0 0 0 0



Computation of the unicriterion net flows

Sites Investment Net Flows

Site 1 0.2

Site 2 -1

Site 3 -0.2

Site 4 0.6

Site 5 1

Site 6 -0.6



Rank action Phi Phi+ Phi-

1 Site 5 0.6000 0.8000 0.2000

2 Site 4 0.3000 0.6000 0.3000

3 Site 6 -0.1000 0.4000 0.5000

4 Site 2 -0.1500 0.4000 0.5500

5 Site 3 -0.1500 0.4000 0.5500

6 Site 1 -0.5000 0.2500 0.7500

Total net flows



PROMETHEE I partial ranking

Rank action Phi+ Phi-

1 Site 5 0.8000 0.2000

2 Site 4 0.6000 0.3000

3 Site 6 0.4000 0.5000

4 Site 2 0.4000 0.5500

5 Site 3 0.4000 0.5500

6 Site 1 0.2500 0.7500



PROMETHEE II complete ranking

Rank action Phi

1 Site 5 0.6000

2 Site 4 0.3000

3 Site 6 -0.1000

4 Site 2 -0.1500

5 Site 3 -0.1500

6 Site 1 -0.5000



Preference parameters of all the criteria
(other weights)

Criterion Function wi qi pi

Investment 
(million €)  

Usual 0.4 0 0

Employment 
(hundred employees) 

Usual 0.3 0 0

Social Impact 
(1 to 7) 

Usual 0.1 0 0

Environmental impact 
(1 to 7) 

Usual 0.2 0 0



Site 5

Site 4

Site 6

Site 1

Site 3

Site 2

Final ranking (TOPSIS)

Best

Worst

Site 5

Site 4

Site 6

Site 3

Site 1

Site 2

Final ranking (PROMETHEE)



Annex I
Group PROMETHEE
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End of Presentation!






