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MCDM methods are a set of tools to support decision making in multiple criteria problems
concerning different stakeholders with conflicting values.

Also known as Multi‐criteria decision analysis (MCDA)

Has a different focus than the related field of Multi‐Objective Optimization
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Consider a problem with 2 conflicting objectives

Cost

Quality
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Consider a scheduling problem with 2 conflicting objectives

Cost

Quality

Any schedule can be plotted on this graph
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Consider a scheduling problem with 2 conflicting objectives

Cost

Quality

Some solutions are definitely better than
others

The blue one is lower cost
AND has higher quality

The blue solution 
dominates the red 
solution
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Consider a scheduling problem with 2 conflicting objectives

Cost

Quality

For some other combinations: we cannot
make a statement on whether one is 
better than the other

Orange has higher quality, 
but it comes at greater
cost !

Decision makers should
only be interested in 
these non‐dominated
solutions



ERASMUS+ KA2 Strategic Partnership
2017‐1‐FI01‐KA203‐034721

HELP – Healthcare Logistics Education and Learning Pathway

Multi‐objective optimization

03/03/2020 7

Consider a scheduling problem with 2 conflicting objectives

Cost

Quality

These solutions are called: 
• Pareto front
• Pareto optimal solutions
• The efficient frontier
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Multi‐objective optimization
• Finding this efficient frontier is not easy for many problem settings

• Employ Mathematical Programming, Heuristics, and Meta heuristics

• MODM optimization can limit the number of options to choose from
• Only Pareto‐optimal solutions
• In many applications, the number of pareto‐optimal solutions is limited when dealing only with 2 
objectives

• Many multi‐disciplinary problems involve 3,4,5, … 10+ criteria

• Still:
1. A trade‐off needs to be made
2. Decision‐makers can value different criteria differently
3. Transparancy sometimes required on how a decision was

03/03/2020

Intuition does not always cut it

8

MCDM to the rescue
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Future planning of industry parks
• Economic

• Operating cost of industry park
• Cash requirements for investment
• Congestion (#hours lost)
• Impact on modal split

• Environmental
• CO2 emmissions
• NOx emmissions
• Circularity of materials ot the built environment
• Energy use of the industry park

• Social
• Integration of industry park with neighborhood
• Employment options for different social groups

• ….
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Waste Processing Facility Location Problem
• Location & Processing Type decision affects:

• operational cost of waste collection
• investment cost
• regulatory risk 
• community resistance risk
• pollution
• noise
• smell
• jobs
• …
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Solve integrated facility location and waste 
collection routing problems to get reliable
estimates

Each criterion has a different value for
each type of stakeholder:
• Manager at the company
• Neighbor of potential location
• Citizen that is not a neighbor
• Politican
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MCDM Methods => many techniques

Wikipedia, 
the one and only
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MCDM
• Feasible alternatives

• Evalution criteria? 
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Preferably Pareto Optimal – but not always known after e.g. 
brainstorming solutions or candidates
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MCDM ‐ criteria
• Avoid overlap 

• Be clear and exhaustive

• Some criteria may be divided up into several subcriteria

03/03/2020 13
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MCDM Methods
Linear Additional

Methods

Define weights for each
criterion
Evaluate each alternative
on all its criteria
Total value of an
alternative is the weighted
sum of criterion scores

Select highest valued
alternative
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Absolute 
Methods

In comparison with the
ideal situation
> Appreciation specifications
> Concepts to synthesize
> Utility scores (distances)

Relative
Methods

In comparison with each
other (2 by 2)
> Outranking methods
> Analytical Hierarchy
Process (AHP)
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Absolute 
Methods

In comparison with the
ideal situation
> Appreciation specifications
> Concepts to synthesize
> Utility scores (distances)

Relative
Methods

In comparison with each
other (2 by 2)
> Outranking methods
> Analytical Hierarchy
Process (AHP)
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Criterion Description Weight

C1 Risk 70

C2 Ergonomic Load 50

C3 Cost 30

C4 Service Deliverd 100

C5 Service Experienced 60

Determine criteria weights
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Criterion Description Weight

C1 Risk 70

C2 Ergonomic Load 50

C3 Cost 30

C4 Service Deliverd 100

C5 Service Experienced 60

Alternative 1 Alternative 2 Alternative 3 Alternative 4

10 4 8 7

6 8 7 8

5 8 10 8

7 10 9 8

10 10 6 7

2450 2520 2470 2350

Evaluate Alternatives



ERASMUS+ KA2 Strategic Partnership
2017‐1‐FI01‐KA203‐034721

HELP – Healthcare Logistics Education and Learning Pathway

MCDM – alternative evalution
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Criterion Description Weight

C1 Risk 70

C2 Ergonomic Load 50

C3 Cost 30

C4 Service Deliverd 100

C5 Service Experienced 60

Alternative 1 Alternative 2 Alternative 3 Alternative 4

10 4 8 7

6 8 7 8

5 8 10 8

7 10 9 8

10 10 6 7

Getting consensus on 
the weights by different 
stakeholders can be a 
lengthy process

Some criteria are sometimes hard to
objectively score. 
Leads to additional possibilities for arguments

2450 2520 2470 2350

Evaluate Alternatives
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MCDM – relative methods
• Analytic Hierarchy Process

T.L. Saaty, How to make a decision: The Analytic Hierarchy Process, EJOR 48, pp9‐26,  1990

• Outranking
• E.g. ELECTRE [Roy]
• E.g. PROMETHEE [Brans]
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Analytic Hierarchy Process (AHP)
• Weights of criteria are determined through pairwise comparison by the
stakeholders

• Steps:
1. Define objective
2. Structure the decision hierarchy: 

1. Goal of the decision on top
2. Then intermediate levels (criteria and sub criteria)
3. Down to the alternatives

3. Construct a set of pairwise comparison matrices. Each element in an upper level is 
used to compare the elements in the level immediately below with respect to it

4. Calculate weights/priorities. Use the priorities of a given level to weight the
priorities of the level below for every element

03/03/2020 20
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Analytic Hierarchy Process (AHP)
• We need a scale to indicate how many times more important one
element is over the other

07/11/2020 21
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Analytic Hierarchy Process (AHP)
• Decision‐maker executes a pair‐wise comparison for a set of elements
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Notice the value for i‐j is the inverse for j‐i
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Analytic Hierarchy Process (AHP)
• Normalized pair‐wise matrix is calculated
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෍

(Here, an approximation approach is used. 
Exact through eigenfactor maxtrix calculations)

5,81 49 25,33 9,44 5,36 21,11 2,89

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑚𝑎𝑡𝑟𝑖𝑥

1/5,81

0,11/5,81
0,2/5,81

9/49 5/25,33

1/49

..



ERASMUS+ KA2 Strategic Partnership
2017‐1‐FI01‐KA203‐034721

HELP – Healthcare Logistics Education and Learning Pathway

Analytic Hierarchy Process (AHP)

03/03/2020 25

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑚𝑎𝑡𝑟𝑖𝑥

0,17 0,18 0,20 0,21 0,19 0,05 0,17 

0,02 0,02 0,01 0,01 0,02 0,01 0,04 

0,03 0,06 0,04 0,03 0,05 0,62 0,04 

0,09 0,18 0,12 0,11 0,09 0,05 0,12 

0,17 0,18 0,16 0,21 0,19 0,09 0,17 

0,17 0,18 0,12 0,11 0,09 0,05 0,12 

0,34 0,18 0,36 0,32 0,37 0,14 0,35 

AVERAGE

0,167 

0,018 

0,124 

0,107 

0,169 

0,119 

0,295 

Criteria weights

Additional calculations can be made to test 
whether the weights are consistent and
hence can be used for decision making
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Analytic Hierarchy Process (AHP)
• Applying AHP to larger problem

1. Define objective
2. Structure the decision hierarchy: 
3. Construct a set of pairwise comparison matrices. Each element in an upper

level is used to compare the elements in the level immediately below with
respect to it

4. Calculate weights/priorities. Use the priorities of a given level to weight the
priorities of the level below for every element
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Analytic Hierarchy Process (AHP)
3. Construct a set of pairwise comparison matrices. Each
element in an upper level is used to compare the elements in 
the level immediately below with respect to it
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Analytic Hierarchy Process (AHP)
4. Calculate weights/priorities. Use the priorities of a given level to weight the priorities of 
the level below for every element
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0,134
0,365
0,224
0,252

0,036 ∗ 0,003 ∗ 0,091 ൅ 0,008 ∗ 0,218 ൅ 0,025 ∗ 0,691
൅0,122 ∗ 0,105 ∗ 0,013 ൅ 0,637 ∗ 0,078 ൅ 0,258 ∗ 0,032
൅ 0,262∗ 0,225൅0,075∗0,64൅0,506∗0,124

ൌ 0,134
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Conclusions
• Four difficulties in MCDM

1. Generating (non‐dominated) alternatives
2. Agreeing on the evaluation criteria
3. Agreeing on the criteria weights
4. Evaluating the alternatives objectively

• Many different tools exist
• Discussion will always take place in setting up the framework
• Tools are transparent
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