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Summary

MCDA vs. optimisation.

An example.

Outranking vs. aggregation.
Prescriptive vs. descriptive.
Visual prescriptive analysis: PROMETHEE.
Visual descriptive analysis: GAIA.
Conclusions & Developments.
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Unicriterion vs multicriteria
model

 Unicriterion model (optimisation):
Optimise{g(a) a € A}

- Mathematically well-stated:
« Optimal solution,
« Complete ranking of the actions.
- Socio-economically ill-stated:
« Single criterion? Not realistic.
 Notion of criterion: perception thresholds, ...

Mai 2009 Journées de ['Optimisation 4

Unicriterionmodels have been developed from the beginning of OR.

The search for optimal solutions can be difficult but it is a-stited
mathematical problem and a lot of work has been done to solve many
optimization problems.

On the other hand these models focus on a single objective that often is purely
monetary: maximize profit or minimize cost. This approach was acceptable in the
context of economic growth experienced after WW2. Starting with the oil crisis
in the 7006s, i tsighiee. .gshont term@rofia qapbe anrobjectived r t
but it certainly is not the only one...
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Unicriterion vs multicriteria
model

Multicriteria model:
Optimise{g,(a),g,(a),....g(a) a € A}

- Mathematically ill-stated:
« No optimal solution,
« No mathematical meaning.
- Socio-economically well-stated:
« Closer to real world decision problem,
« Search for a compromise solution.
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Multicriteria models make it possible to take into account several criteria at the
same time. Either quantitative or qualitative.

It becomes possible to consider alternative criteria such as technical, social or
environmental factors besides monetary ones.

The price

to pay for this advance is that no optimal solution generally exists to

multicriteriaproblems as the criteria are to some extent conflicting with each
others. The challenge of MCDA is to assist decision makers in finding best

comprom

ise solutions.




Some Decision
or Evaluation Problems

Locating a new plant, a new shop, ...
Human resources management.
Purchasing equipment.

Evaluating projects.

« Selecting an investment strategy.

» Sustainable development:
economy, environment, society
— Sustainable decisions!
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Here are a few examples of decision or evaluation problems where several
criteria are obviously important in order to compare and evaluate different
choices.

For instance, the location of a new plant should take into account financial
factors (investment and operation costs), technical factors (logistics, raw
materials availability, ...) as well as social and environmental impacts.

Similarly the purchase of new equipment should take into account various
gualitiy factors besides the price of the equipment. Findindpésguality/price
ratio is amulticriteria problem.

Achieving sustainable development is alsouwticriteriaproblem has it includes
at least three often conflicting dimensions: economy, men and environment.




Multicriteria table

e Actions:
- Possible decisions,
- items to evaluate.
e Criteria:
- quantitative,
- qualitative.
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We consider problems including a set of actions (either potential decision or
items to evaluate) and a set of criteria that are used to model the preferences and
the objectives of the decisianaker.

The next slides show examples of the resulting\way multicriteria evaluation
tables.




Multicriteria table

Action 1
Action 2
Action 3
Action 4
Action 5
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Actions and criteria form the two dimensions of thelticriteriatable.

As it can be seen, criteria are usually evaluated on specific and possibly quite
different scales.




Multicriteria table

Crit. 1 Crit. 2 Crit. 3 Crit. 4
(unit) (unit) (unit) (unit)
Action 1
Action 2
Action 3
Action 4
Action 5
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Actions and criteria form the two dimensions of thelticriteriatable.

As it can be seen, criteria are usually evaluated on specific and possibly quite
different scales.




Multicriteria table

Crit. 1 Crit. 2 Crit. 3 Crit. 4

(/20)  (rating)  (qual.) (Y/N)
Action1| 18 135 G Yes
Action 2 9 147 B Yes
Action 3| 15 129 VG No
Action4| 12 146 VB ?
Action 5 7 121 G Yes
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Actions and criteria form the two dimensions of thelticriteriatable.

As it can be seen, criteria are usually evaluated on specific and possibly quite

different scales.
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Plant location
Investment Costs 7 Environm.
(M€) (k€) (impact)
Site 1 18 135 G
Site 2 9 147 B
Site 3 15 129 VG
Site 4 12 146 VB
Site 5 7 121 G |
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In the case of a plant location problem, the actions correspond to the potential
locations (sites) and criteria can possibly include investment cost, operations cost,
environmental impacts, ... And many others.
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Purchase options
Price Reliability ~ Maintenance t
, (€) (days) (estimate) o
Product A 18 135 G
Product B 9 147 B
Product C 15 129 VG
Product D 12 146 VB
Product E 7 121 G I
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In the case of the purchase of new equipment, the actions correspond to the
different available products and the criteria can include the price of the
equipment as well as quality factors such as the MTBF (mean time between
failures) or the quality of the maintenance for instance.
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A simple example

The purchase of a car

Objectives:

Economy (price),

Usage (fuel consumption),
Performance (power),
Space,

« Comfort.
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We now consider a very simple yet didactic example to illustrate the
PROMETHEE andGAIA methods.

In particular we limit ourselves voluntarily to five criteria. In an actual problem
of course there could be more or different criteria.
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Multicriteria table

Car Price Power Consumpt. Space Comfort
Tour. A 26.000 € 75 8,0 A A
Sport 29.000 € 110 9,0 VB B
Tour. B 25.500 € 85 7,0 G A
Lux. 1 38.000 € 90 8,5 G VG
Economic 15.000 € 50 7,5 B VB
Lux. 2 35.000 € 85 9,0 VG G

e Best buy? o e @

=S
Fa L D
E gup - g
A
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Six completely fictive cars are compared. They are given suggestive names that
indicate clearly their strengths and their weaknesses. In that way we will be able
to check the consistency of the results provideBRPMETHEE andGAIA .

In actual decision problems the decision maker rarely has such a large knowledge
and will progressively discover the conflicts between criteria and the specific
profiles of the actions usingROMETHEE andGAIA .
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Multicriteria table

Car Price Power Consumpt. Space  Comfort
Tour. A 26.000 € 75 8,0 A A
Sport 29.000 € 110 9,0 VB B
Tour. B 25.500 € 85 7,0 G A
Lux. 1 38.000 € 20 8,5 G VG
Economic 15.000 € 50 75 B VB
Lux. 2 35.000 € 85 9,0 VG G

e Best buy? o e @
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E P/ — = i
A
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Six completely fictive cars are compared. They are given suggestive names that
indicate clearly their strengths and their weaknesses. In that way we will be able
to check the consistency of the results provideBRPMETHEE andGAIA .

In actual decision problems the decision maker rarely has such a large knowledge
and will progressively discover the conflicts between criteria and the specific
profiles of the actions usingROMETHEE andGAIA .
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Multicriteria table

Car Price Power Consumpt. Space  Comfort
Tour. A 26.000 € 75 8,0 A A
Sport 29.000 € 110 9,0 VB B
Tour. B 25.500 € 85 7,0 G A
Lux. 1 38.000 € 90 8,5 G VG
Economic 15.000 € 50 745 B VB
Lux. 2 35.000 € 85 9,0 VG G

 Best buy? as RS @
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Six completely fictive cars are compared. They are given suggestive names that
indicate clearly their strengths and their weaknesses. In that way we will be able
to check the consistency of the results provideBRPMETHEE andGAIA .

In actual decision problems the decision maker rarely has such a large knowledge
and will progressively discover the conflicts between criteria and the specific
profiles of the actions usingROMETHEE andGAIA .
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Multicriteria table

Car Price Power Consumpt. Space  Comfort
Tour. A 26.000 € 75 8,0 A A
Sport 29.000 € 110 9,0 VB B
Tour. B 25.500 € 85 7,0 G A
Lux. 1 38.000 € 20 8,5 G VG
Economic 15.000 € 50 75 B VB
Lux. 2 35.000 € 85 9,0 VG G

e Best buy? 6‘
e Best comprom

iournees de

Six completely fictive cars are compared. They are given suggestive names that
indicate clearly their strengths and their weaknesses. In that way we will be able
to check the consistency of the results provideBRPMETHEE andGAIA .

In actual decision problems the decision maker rarely has such a large knowledge
and will progressively discover the conflicts between criteria and the specific
profiles of the actions usingROMETHEE andGAIA .
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Multicriteria table

Car Price Power Consumpt. Space  Comfort
Tour. A 26.000 € 75 8,0 A A
Sport 29.000 € 110 9,0 VB B
Tour. B 25.500 € 85 7,0 G A
Lux. 1 38.000 € 90 8,5 G VG
Economic 15.000 € 50 75 B VB
Lux. 2 35.000 € 85 9,0 VG G
. o gl o
e Best buy? &= Y
=S ~ -~k
e Best compromise?
e Priorities of buyer? L
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Six completely fictive cars are compared. They are given suggestive names that
indicate clearly their strengths and their weaknesses. In that way we will be able
to check the consistency of the results provideBRPMETHEE andGAIA .

In actual decision problems the decision maker rarely has such a large knowledge
and will progressively discover the conflicts between criteria and the specific
profiles of the actions usingROMETHEE andGAIA .
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Problematics

g1 82 83 :
a [g\(@) gxa) gsa) .- Evaluations
b |g(b) g2(b) g3(b) ... * n actions
¢ * k criteria
o - choice: determine a subset of actions
(the « best ones »).
B - sorting: sort actions in predefined categories.

& - description:) describe actions and their consequences.
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[y - ranking: ] rank from the best to the worst action.

Before we look at theROMETHEE andGAIA methods it is important to
understand that four differeptoblematicsan arise in practice.

We focus on the two last one BRROMETHEE is a ranking method ar@AIA
is a descriptive one.

PROMETHEE can also be used in a choice problem.
Extensions oPROMETHEE have also been proposed for sorting.
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m A common approach:

The weighted sum

Criteria
g1 G 73
: a |gia)g.a)gs(a)
Actions
o b |g:(b)ga(b)gs(b)
Decisions ¢
l;1./.1 Wy W3

[
Weights of ~
the criteria
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A very common and simple approachmalticriteriaproblems is the weighted
sum.

In that case weights are allocated to the criteria to express the priorities of the
decision maker. Weights are positive numbers and represent the relative
importance of the criteria for the decision maker.
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A common approach:
The weighted sum

e Global value for a:
V(a) = wy g4(a) +w, g,(a) + ...

e ais preferred to b if:

V(a) > V(b)

(if all criteria are to maximise)
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For each action a, a global value V(a) is computed as the weighted sum of the
evaluations of that action over all the criteria.

It is then possible to rank all the actions according to their weighted sum values.

A typical example is the weighted average of exam scores for evaluating
students.
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This first example show that excessive compensations between criteria can
associate a high weighted sum value to an action that is not well balanced with
possibly important weaknesses on some criterion.

The weighted sum approach can propose unbalanced solutions that clearly are not
good compromises inraulticriteria context.
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