
Or Glen D'Este
Senior Transport Planner
Econom1c Plann1ng &Research

D1v1s10n
Transport Tasman1a
TASMANIA

ABSTRACT:

STRUCTURING THE BIG DECISION :
A PRACTICAL REVIEW OF MULTI-CRITERION DECISION MAKING

Ovez' the pas t 20 years ~ theI'e has been Cl growing
I'ecognltion that major' decl,sians involve Cl tI'ade-off
beOi'een many competing and perhaps COMlicting
objectives and that decision-making stz'uctuI'es and
techniques should reflect this complexity. The aim of
thi,s papez. 1.s to review I'ecent advdllces in the
management and resolution of multi-cI'tteilon
(multi-objective) decision pr:oblems VariouS' decision
stz'uctures and I'esolution techniques will be
discussed; with Pd.z,ticular attention to their
pI'detteality and I'elevd1lce to the I'eal-life decision
maker" In pdrticuldr .. their use in large-scale
investment decisions in the tr-an,spoLt industI'Y will be
a,ssessed thL'ough an examination or seveL'al case
studies It is concluded tha.t mul ti-CLi terion
decision analy,sis can play an impoLtant I'ole in
management and decision-making as a. means of
clazirying objectives and pI'io.l'ities~stLuctu.lingthe
analysis and ultimately helping to make the big
decision
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Many decision models do not recognise this complexity. Their aim is define a
all-powerful and objective decision criterion and to distance the decision-maker
the decision process, The decision process is then automated in the sense that
individuality of the decision-maker is eliminated and given the same
every decision-maker should come to the same conclusion,

On the other hand, multi-criterion decision making (MCDM) accept
confiicting objectives and multiple criteria are a natural part of d~;~~~ii~~-~~~ki~:~~iSi~:
recognising these conflicts they return the essential human element to the
process" Personal preference, discretion and value jUdgements are not seen
undesireable elements that should be eliminated but are seen as natural processes
should be incorporated into systematic declsion,·making techniques, The
eiements of MCDM have been summed up by Cowley (1987) ;

STRUCTURING THE BIG DECISION

- A Practical Review of Multi-Criterion Decision Making _

It is undeniable that the world is a complex place full of confiicting objectives
multiple criteria for success. This makes it difficult to compare alternative
of action and decide upon a "best" course to follow. In many cases, the best that can
reasonably expected Is a timely and effective solution that produces a successful
Often this means selecting an alternative that is not optimal with respect to
criterion but provides the most successful compromise between the comp,etiJl0
interests and objectives,

Multi-Criterion Decision Making

Glen D'Este, Senior Transport Planner
Economic Planning & Research Division
Transport Tasmania

'''' (MCDM) is seen as an aid to the decision maker, rather than as a device to
reduce the decision-maker's involvement Its emphasis is on clarification,
and on helping the decision-maker to better understand the available
options; the final choice is based on the decision-maker's own priorities,
which reflects the way most decisions are made in practice,

Most of the development of MCDM has appeared in journals such as f)h,"",';"no
Research, Management Science and Decision Sciences or in the n"'oeerlinos
conferences and seminars [Carlsson & Kochetkov (1983), Cochrane &
Fandel & Spronk (1985), Morse (1980), Zeleny (1976), Zionts (1978)]
books have appeared that summarise the theory and application of MCDM
[Easton(1973), Goicoechea et al (1982), Keeney & Raiffa (1976), Zeleny (1
but for the most part, the results are not readily accessible to the majority
managers involved with day-ta-day decision-making,



Act to carry out the decision; monitor the
results; review,

Ust pros and cons; examine the consequences;
measure against criteria; triai ; test against
objectives; select the best

List possible courses of action; generate ideas

Collect and organise data; check facts and
opinions; identify possible causes; establish
time constraints and other criteria,

Specify the aim or objectives, having
identified the need for a decision.

5. Implement

3 Deveiop Options

4 Evaluate and Decide

2. Collect Information

1.. Define Objective

STAGES IN THE DECISION PROCESS

GMD'ES1E

This list should not be regarded as a recipe for 'good' decision-making but it does
provide a convenient structure for managing and reviewing the progress of the decision
process. Representing the decision process in this form suggests that decision-making
is a linear process that flows through the 5 stages to a natural conclusion ..
Unfortunately this is rarely the case; it is much more common to have a convoluted
network of loops and feedbacks. The following discussion of MCDM is largely concerned
with the evaluation and decision phase but any results will inevitabiy have
implications for other stages of the process

The aim of this paper is to provide a practical introduction to the major elements of
MCDM and to relate the techniques to decision-making in transport It concentrates on
decisions involving a choice from several alternative courses of action. The objective
may be to select a single "best" option, as in the seiection of a solution to a given
problem, or to select the "best" combination of options, as in a budgetary situation
Both types of decision are common in transport planning in either a Government or
commercial environment Since the emphasis is on choice from discrete alternatives,
there is no discussion of multi-objective optimisation techniques such as multiple
linear programming, goal or compromise programming" For an introduction to these
techniques, see Zeleny (1982) or Goicoechea et al (1982). Further, discussion is
limited to decisions made under conditions of certainty at a particular point in time.
Most of the techniques discussed beiow can be generalised to conditions of risk or
uncertainty and to decisions involving variations in the timing of impacts, but these
extensions are beyond the scope of the current paper.. For an introduction to some of
these techniques, see Wilhelm (1975) or Ray (1977) ..
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In many respects each problem or decision situation is unique but it appears that most
share 5 stages of development Adair (1985) lists these stages as :
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STAGES IN SELECTING AN ALTERNATIVE

Anothe
instead
on the
measur
for rese
procedL
Delphi r
a sumrr

The s
showr

This I
warnir

The s,
but rn,
stages
It is n
even t
each t
time s
alternc
"bad",
structu
what r
scale (

UnfortL
units u
optlmu
the "n!
engagE
profit
undesir
scale 0,

A comn
decisior
number
commur
be expe
decisior
relevant
making
future I
diminish

List ail relevant criteria; define quantitative
or qualitative measures of effectiveness;
clarify preferences ..

Evaluate the performance of each alternative
against each criterion.

Cuil all infeasible alternatives; cull ail non
dominant alternatives; set a minimum
standard of performance; cull all alternatives
not reaching the required level; adjust and
revise standards as required

Identify trade-offs; select an appropriate
method for resolVing the conflicts; implement
the method

Examine recommended option(s); revise
criteria; develop new options

Determine Selection
Criteria

2 .... Evaluate Alternatives

3.... Eliminate Inferior
Alternatives

4 Resolve Conflicts

5.. Review Results

The failure of classical mathematics to cater adequately for this situation has lead to the
development of a number of techniques for resolving the decision problem.. These
techniques take a variety of approaches but most share a common structure.. The
major steps in evaluating alternatives and selecting an appropriate course of action.are :

MUlti-Criterion Decision Making

this mUltiple objective situation is certainly no maximum problem, but a
peculiar and disconcerting mixture of severai conflicting maximum
problems This kind of problem is nowhere dealt with in classical
mathematics lt arises In fuil clarity even in the most "elementary"situations

The essence of MCDM is the search for a single "best" solution or sef of a",e,'tal,l,
alternatives In an environment that is complicated by the existence of
performance criteria and multiple and often conflicting objectives Hence the
very different to classical optimlsation and to the sort of singte-criterlon de"'slo

n
..

making problems that can be handled by standard operations research techniques
Neumann and Morgenstern (1953) observed that;

SELECTION CRITERIA

The first step in the decision prOcess is to identify the criteria that will influence the
overall assessment of each alternative course of action.. For the purposes of this
discussion, the term "criterion" is being used to indicate a conceptual measure of
performance, as opposed to the way that it Is actuaily measured.... For example the
criterion "freight volume" may be assessed in terms of tonnage. cubic volume ornumber of articles ....
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The set of criteria can be very large but should not be excessive, Barron (1987) has
shown that;

if evaiuation Is based on an incomplete set of factors, and if the purpose of
the evaluation is to select a single best alternative, interior alternatives
may be selected with surprising frequency and/or severe negative impact.

This is not an excuse to include an excessively large number of criteria but it is a
warning that effective results cannot be expected if relevant criteria are ignored"

The set of criteria will depend on the situation and on the time and resources available,
but may include some Of the measures of performance listed in Table 1., In the initial
stages it is advisable to include as many criteria as can be practically accommodated,
It is not necessary that the relevant criteria can all be measured in common units or
even that they can be measured numerically, As far as possible, the criteria should
each be assessed in "natural" units, such as dollars for financial matters, minutes for
time savings or numbers of movements, accidents, persons etc, Criteria can
alternatively be assessed in "fuzzy" qualitative terms such as "high". "Iow", "good".
"bad", "average" etc The only limiting factors is the existence of a clear preference
structure, For each criterion it must be clear what represents a "good" result and
what results would be considerable better (preferred) and worse. Without a clear
scale of preferences for each criterion, decision··making would be impossible,

Unfortunately, the scale of preferences does not always mirror the scale of "natural"
units used to assess the performance of alternatives For instance, there may be an
optimum level of performance which is preferred to either a higher or lower value on
the "natural" scale The profit of a Government or semi-Government enterprise
engaged in providing a transport service is an example of this phenomenon, A small
profit is typically the preferred result while losses or large profits are both
undesireable, Under these circumstances, it will be necessary to map the "natural"
scaie onto a scale of preferences"

Another problem arises when the decision is to be made by a group or committee
instead of an individual. Since preferences are inherently subjective and dependent
on the individual and current circumstances, it is likely that there will be some
measure of disagreement over the ranking of performance" Various procedures exist
for resolving the differences or at least eliciting the dominant view, Most of these
procedures depend on real or simulated voting, or use some technique (such as the
Delphi method) to guide the group towards consensus See Goicoechea et al (1982) for
a summary of group decision-making techniques

A common mistake is to limit the criteria to those of immediate interest to a particular
decision-maker or group, In the transport environment, there tends to be a large
number of stake-holders in any major decision; for example Government, unions,
community, business and trade groups, The influence of these concerned groups can
be expected to be brought to bear at some stage of the decision process so it can simplify
decision-making to anticipate their behaviour and include criteria that will be
reievant to these groups, It is then possible to simulate the priorities and decision
making behaviour of different groups and thereby anticipate likely problems Any
future privatisation or corporatisation of transport operations will do little to
diminish the power of these groups or their influence on decision-making"
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Multi-Criterion Decision Making

Electoral implications

Winners/losers

Exposure to risk/discomfort
Environmental damage
Energy savings

Local economy
Landuse
Human displacement
Community disruption

Development priorities
Globai borrowings
Balance of trade
International relations

Passenger/vehicle movements
Congestion/delays
Accident rate
Accessibility
Time savings

Cost/revenue
Profitlioss
Loans/equity
Riskiness/sensitivity
Net present worth
Internal rate of return

Opportunities foregone
Flexibility
Staffing
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EVALUATION CRITERIATABLE 1

Distributional Effects

Regional Impact

Environmental Impact

Political Impact

National Impact

Budgetary Implications

Financial Measures

Operational Measures

Cost-benefit Analysis

After establishing the decision criteria, the next step is to evaluate the
attributes of each alternative using the agreed units and scales of preferences. It
usually convenient to summarise these results in a Table with the alternative courses
of action listed on one axis, the attributes listed on the other and a matrix of
making up the body of the Table Such a table is anaiogous to the payoff table used
single-criterion decision analysis"
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Elimination of Inferior Allernatives

Before applying some technique to resolve the conflict between objectives, several
types of Inferior alternatives can be eliminated, In a situation involving a large
number of alternative courses of action, this step can help to reduce the choice to more
manageable proportions It is convenient to eliminate all those aiternatives that are
infeasible, dominated by other options or do not reach a prescribed levei of
performance,

During the evaluation phase, it may become clear that an option is not practical or
feasible within some set of constraints (such as technological or financial)" Any such
options can be culled at this early stage"

Another usefui preliminary step Is to identify the dominant alternatives In the
literature of MCDM, these alternatives are called the non-dominated set Rather
than define the non-dominated set directiy, it is simpler to consider Its complement,
the dominated set. This set consists of all those alternatives that are ciearly dominated
by some other project, that is, there exists a feasible alternative that is at least equai
with respect to every criterion and better in at least one Therefore the dominated set
is a set of clearly inferior projects that can be eliminated from further consideration
On the other hand, any element of the non-dominated set is potentially the "best" choice
since each is an optimal solution in the Pareto sense, that Is, moving to an alternative
involves being worse-off with respect to at ieast one criterion" Therefore there is no
clear ranking of elements of the non-dominated set and the choice between aiternatives
will ineVitably require trade-offs The outcome of these trade-offs will depend on the
priorities of the decision-maker

The process of dividing the alternatives into dominated and non-dominated sets is
illustrated in Figure 1, This Figure describes a decision situation having two decision
criteria and a five alternative courses of action, denoted A to E

FIGURE 1
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FIGURE 2

Criterion 2

Multi-Criterion Decision Making
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The axes represent performance in the decision criteria and are scaled so that greater
distance along the axis indicates increasingly preferred performance. Any given
Option can then be plotted on the plane according to its performance with respect to
each criterion and the other aiternatives. For example, the performance of Option C
with respect to Criterion 1 is shown as being better than (in the sense of being
preferred to) that of Option A and worse than B, 0 and E. With respect to Criterion 2
Option C performs better than Options 0 and E and worse than A and B. In graphical
terms, the test for membership of the non-dominated set for a given Option involves
identifying the region that represents equal or preferred performance in both criteria.
For Option C this region is shown Iightiy shaded and for Option A the region is indicated
by heavier shading. All locations in this region represent a dominant standard of
performance so an Option is a member of the non-dominated set if and oniy if the region
is empty of other Options

It is ciear from Figure 1 that Option C is dominated by Option B and that Option A is a
non-dominated alternative. For this example, the non-dominated set consists of
Options A, B and E.. in generai, Options in the non-dominated set form the outer
boundary of the region of space occupied by set of alt Opfions.. In practice, when
contronted by a large number of alternatives and criteria, it is more convenient to use
a computerised sorting algorithm to sort alternatives into the dominated and non·
dominated sets..

The set of alternative courses of action can be further reduced by setting a minimum
standard of performance.. This is known as salisficing. All those alternatives that
exceed the standard deliver an acceptable level of performance and are potential
solutions to the decision problem. Those alternatives that fail the test can be
eliminated from further consideration The situation is illustrated in Figure 2.
Options that lie in the shaded region are satisfactory while those outside can be culled
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CONFL.ICT RESOLUTION

If both the Dominance and Satisficing Principles were applied to the example then oniy
Options A and B would remain tor further consideration Options D and E do not have a
satisfactory level of performance in Criterion 2 and Option C is dominated by Option B.

Take a purely ordinal approach
Includes screening and outranking
techniques.

Assume that cardinal weights can be
ascribed to criteria but that preferences
within criteria cannot necessarily be
quantified InclUdes various weighting
techniques and the theory of the displaced
ideaL

Take a purety cardinal approach.
InclUdes utility maximising techniques

579.

1. Preferentiat Techniques

2. Weighted Preferences

3 Weighted Utilities

The aiternative courses of action that remain are ali acceptable options in the sense
that they are feasible, meet a prescribed minimum level of performance and are not
equal or inferior in every respect to some other alternative. If more than one option
remains after this preliminary fiiter, then a conflict exists. There is no clearly
superior aiternative and the choice of a single "best" option will depend on trade-offs
between decision criteria.,

Many ways have been proposed for resoiving this conflict These techniques can be
broadiy classified Into categories depending on whether or not the decision-maker can
effectively quantify the set of preterences both within each criterion and between
criteria tn economic terms, this corresponds to the perennial debate between ordinal
and cardinal utility.. In an ordinal approach, preferences are ordered but this
ordering is not placed on a numeric scale. For example a profit of $10m may be
preferred to a profit of $5m but the degree of preference is not quantified In a
cardinal approach, a numeric scale of preferences is established. For example the
preference for a $10m profit may be rated as being twice as great as for a $5m profit
When a numeric scale of preferences is established within a criterion, the ratings are
usualiy referred to as utilities and when the scale is between criteria, the ratings are
calied weights

If preferences within and between criteria are treated separately then there are 4
distinct categories of techniques.. There are no commonly used techniques that use a
utility approach within criteria but revert to strict preferences between criteria, so
the number of categories reduces to three:
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Screening approaches involve progressively raising the minimum acceptable standards
of performance and successively eliminating alternatives until a decision is reached,
When setting progressively more stringent acceptance standards, it is advisable
consider the relative priorities attached to the criteria The criteria considered
important should be subject to the highest standards, An extension of this technl,que
involves setting acceptance levels and then selecting the alternative that has the most
preferred performance in the most important criterion

This approach is illustrated in Figure 3, The shaded region represents ac(~eptab,le
alternatives and if Criterion 2 is considered to be the most important factor,
Option A Is the favoured course of action,

Screening and Outranking Approaches

These approaches are based on the premiss that a decision-maker can salisfactorilv
articulate the preference for one alternative over another but cannot a~~~~;:~~~
quantify this preference" There is aiso an emphasis on the beiief that a
maker normally satisfices rather than optimises, partiy because the concept of
maximum (or minimum) has no valid definition in many real-world situations [see
Dorfman (1960)],

Multi-Criterion Decision Making

Outranking approaches involve successive comparison of alternatives,
aiternatlves are compared to all other alternatives, The "winner" of each compari!lOn
is the alternative that is preferred in the greater number of criteria, and the overall
"winner" is the alternative that is preferred in the greatest number of comparisons.
It should be noted that, in this approach, there is an implicit assumption that all
criteria are valued equally,
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Maximum Expected Utility

At the other extreme is multi-attribute utility (MAU) theory and decision-making on
the basis of maximum expected utility,. For this approach it is necessary to quantify
the preference structure of all criteria in a common unit and to also to provide
numeric rating for the relative importance of each criterion

The first step is to evaiuate the performance of each alternative in each criterion on a
common numeric scale The common unit of measurement of performance is utility.
Utility is a rather elusive concept that is difficult to satisfactorily define. It has been
defined by the Penguin Dictionary of Economics as. "the satisfaction, pleasure or
fulfilment of needs derived from consuming some quantity of a good. ,; ..essentially a
psychological concept that is incapable of measurement in absolute units", The
measurement of utility involves mapping the preference structure of the decision
maker onto an arbitrary numeric scale, This can be accomplished by direct rating. by
lotteries that trade-off performance against the "best" and "worst" cases or by a
variety of other techniques For a review of utility estimation techniques,
particularly lottery techniques. see Keeney and Raifa (1976).

When using utility as a measure of performance it must be recognised that it is a
subjective measure The personal preferences and circumstances of the decision
maker will heavily influence the degree of satisfaction afforded by different levels of
performance. For example. the level of profit generated by an enterprise may be
valued differently by an entrepreneur. a conservative businessman. an employee, a
government official and a politician Further. the utility of profit will be different for
pubiic and for private enterprises. The differences in utility perception of decision-
makers has important implications for the privatisation-corporatisation debate. As
the role of the enterprise changes. there is an obligation for the decision-making styles
of its managers to change with it The decision-maker needs to be aware of his/her
utility perceptions and their relevance to the current decision

The next step is to evaluate the weight associated with each decision criterion. These
weights reflect the subjective priorities of the decision-maker and are a measure of
the relative importance attached to each criterion in the overall multi-criterion
decision. The values of the weights can be determined directly by rating. preference
or trade-off techniques, or indirectly through an analysis of revealed preferences,.
For details of techniques for estimating criterion weights see Zeleny (1982).

The utilities attached to the individual criteria are then combined with the weights to
torm a single measure of the overall utility of the alternative. if the utility estimates
for the individual criteria are denoted u1. u2, and the MAU Is denoted U. then the
process can be expressed mathematically as

where 1.1 • 1.2 •. are the weights attached to the criteria, The function. fO. can
take a variety of forms; the most commonly used being the additive form

The MAU estimates for the various aiternatives are then ranked in descending order
with the recommended option or options being those with the greatest overall utility.

581.



FIGURE 4

Multi-Criterion Decision Making

E

MAU

B

D

Criterion 1

R

Criter-ion 2

The use of MAU as the final decision criterion is illustrated in Figure 4.. The effecI
combining the attributes to form a single MAU measure of performance
geometrically equivalent to projecting the ailematives onto a line through the
and whose siope reflects the weight attached to each attribute. The alternative
projection is furthest from the origin has the greatest MAU and hence is the
recommended option.. In Figure 4, equal weight is attached to the two attributes
Option B emerges as the preferred course of action

582

Now if the weights were changed to give greater emphasis to Criterion 1, the MAU line
moves cioser to the axis representing Criterion 1 and the recommended option becomes
Option E.. This situation is shown in Figure 5:

From its definition and use, it is clear that the underlying philosophy of the MAU
approach to decision-making is very similar to cost-benefit anaiysis (CBA). In CBA,
the common unit of measurement is the dollar and the assessments for the criteria are
then simply added having assumed that the dollar value is the same for all criteria
MAU extends and generalises this approach by using utility instead of dollars and by
allowing different weights to be applied to the various criteria. While MAU avoids
some of the problems of CBA, many of the criticisms of CBA can also be applied to the
MAU approach to decision-making.. In particular, the need to evaluate all criteria in a
common unit of measurement, the difficulty of constructing utility scales, the
tendency to omit criteria that are hard to quantify and the difficuily in agreeing
criterion weights, especially in a group decision-making environment There is also
an implicit assumption that the axioms of utility and the empirical laws of rational
decision-making in a single-criterion situation extend to multi-criteria situations,
A growing body of evidence suggests that this may not be the case
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FIGURE 5

Criterion 2

H
\ B[\ \)1AU
\\~E,·D

Criterion 1

The Displaced Ideal

The theory of the displaced ideal was developed by Zeleny (1975,1982) as a response
to problems associated with the utility maximising approach when applied in a multi
attribute environment In particuiar, it addresses the peculiarities associated with
choice and preference when multiple criteria are present These peCUliarities include
intransitivlty of preferences, anchoring of preferences to an arbitrary point of
reference, dependence on supposedly "irreievant" alternatives and the interdependence
of means and ends The criterion of maximum expected utility Is intuitively and
mathematically appealing but it has been demonstrated to disagree with certain aspects
of the psychology of human choice and decision-making.

As the basis of this approach, Zeleny (1982) declared the axiom of choice:

Alternatives that are closer to the ideal are preferred to those that are farther
away. To be as close as possible to the perceived ideal is the rationale of
human choice"

The ideal is a synthetic course of action which is constructed from the decision
alternatives, In the theory of the displaced ideal, it is assumed that performance is
measured on a relative scale which does not have any absolute zero point or arbitrary
upper bound" Consequently, the ideal is taken to have a level of performance in each
criterion, which matches the highest level achieved by any of the decision alternatives,
This approach ensures that the ideal level is both feasible and achievable, The
converse of the ideal is the anti-ideal which has a performance which matches the
lowest performance level achieved in each criterion

The construction of the ideal and anti-ideai is illustrated in Figure 6 Ideal levels of
performance for the two criteria are determined by Options E and A while the anti
ideal is defined by Options C and D,

583"
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The closeness ratings for individual criteria are then weighted and combinad to form a
single measure of the "distance" of the alternative from the ideal, This distance
measure has been defined by Zeleny as

D = [!,AP (1 - d.)P ] tip
1 1 1

whare di is the degree of "cioseness" for the Ith criterion, Ai is the weight applied to

the ith criterion and p Is a parameter This formula may appear complex but it Is
basically just a generalisation of the familiar Euclidean distance formula The smaller
the distance, the closer the alternative is to the Ideal. The thaory of the displaced ideal
recommends that the appropriate decision is to select the option that is closast to the
ideal (or furthest from the anti-ideal)" In Figure 6, the option "closest" to the ideal
is Option B Therefore Option B is the recommended course of action,

This is a very sophisticated approach to decision-making but it is rather technically
demanding and it requires the decision-maker to provide commensurable estimates of
"closeness" to the ideaL This may prove to be an unfamiliar and difficult task

The resolution paradigm is to select the course of action that is closest to the ideal (or
conversely is furthest from the anti-ideal), The concept of "closeness" is detined
in a manner akin to the concept ot "fuzzy" set membership developed by Zadeh (1975),
For each alternative, the degree of closeness of each criterion to the ideai for that
criterion is rated as a number between 0 and 1" A rating of 1 would represent a level
of performance equal to that of the ideal and lower ratings represent performance that
is progressively inferior to the Ideal. Therefore each criterion can be measured in
"natural" units and compared to the ideal performance in the same units but the "degree
of closeness" ratings are measured on a scale common to all criteria Hence this
method avoids the need to convert all measures of performance to a common scale such
as utility or dollars and can be classified as a weighted preference technique By
defining the closeness rating, the common scale is one step removed from the
measurement of individual criteria

Criterion 1

Criterion 2
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1. Total cost (with suitable discounting)
2. Practical capacity in terms of aircraft movements
3.. Access time weighted by number of passengers from each zone
4. Number of persons that would be killed or injured in the event

of an aircraft accident
5. Number of persons displaced by airport development
6. Number of persons subjected to high noise levels

CASE STUDIES

GMD'ESTE

Six objectives were identified:

1.. Minimise total construction and maintenance costs
2.. Provide adequate future capacity
3 Minimise access time to the airport
4. Maximise safety of the system
5 Minimise social disruption
6 Minimise the effects of noise pollution

and to measure the effectiveness of each alternative development proposal in meeting
the stated objectives, the following criteria were considered:

The operation of the techniques of MCDM is illustrated by the following Case Studies:

Case Study 1 : Mexico City Airport

The decision invoived selection of a strategy for developing the airport facilites of
Mexico City. The decision-making process has been reported by de Neulville and
Keeney (1972) who participated as consultants to the Study team ..

Outranking has been developed in a slightly different direction by Roy (1971) in a
technique known as ELECTRE. This technique constructs a partial ordering of the non
dominated set and hence allows further alternatives to be eliminated from
consideration. Essentially the technique consists of defining an outranking
relationship based on the degree of concordance and discordance between paired
aiternatives. The concord index is a measure the satisfaction gained from choosing a
particular alternative while the discord index measures the corresponding level of
dissatisfaction The outranking relationship is then used to extract a kernel of
preferred aiternatives from the non-dominated set. The construction of the
outranking relationship and subsequent ordering is quite complex and beyond the scope
of this paper, for more details see Roy (1971) or Goicoechea et al (1982). The
technique has been sUbsequently extended to provide a complete ordering of alternatives
by defining strong and weak outranking reiationships

Other Weighted Preference Techniques

These techniques are basically extensions of the outranking procedure described above.
Previously, the "winner" of a pairwise comparison was taken to be the alternative that
was preferred in the greater number of criteria. If weights are introduced, instead of
simply counting the number of criteria in which a particular alternative is preferred,
the weights of these criteria are summed. The alternative in the pairwise comparison
with the greater sum of weights is then the "winner" As before, the overall "winner"
is the alternative that is preferred in the greatest number of pairwise comparisons
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CONCLUSIONS

The example of EEC project appraisal highlights an important conclusion, The lesson
is that it is not necessary to employ sophisticated conflict resolution procedures to
benefit from adopting a multi-criteria approach to decision-making" Many of the
advantages are realised in the additional clarity that is brought to the decision-making
process and will be realised irrespective of the final decision paradigm,

Some of the advantages of adopting a multi-criteria approach to decision-making are:

MCDM refiects the way that decisions are actually made,

MCDM provides a convenient structure for summarising relevant information

MCDM helps to clarify the aims and objectives of the decision-maker The
very act of defining ail relevant performance crieria and setting acceptance
standards can heip the decision-maker to understand the goals of the
organisation and improve management Corporate objectives can be written
into decision-making or conversely the decision process can heip to define or
refine these objectives"

MCDM provides a convenient structure for explaining the rationaie behind
decisions, Relevant factors and the weight given to each are cieariy shown and
decisions can be defended on their merits In an environment of open decision
making, a decision should not only be defensible but shouid be defensibie on the
basis of its documentation,

MCDM stimulates the invention of new options" One of the most important steps
in any decision process is the generation of feasible options. MCDM highlights
the strengths and weaknesses of each option and can stimulate the synthesis of
new options at all stages of the decision process" When past decisions are
analysed it is often found that the course of action that was eventually adopted
was not one of the original alternatives

MCDM enables decisions (or af least interim decisions) to be made on the basis
of incomplete information" Several decision techniques only rely on
preferences and an ordering of the performance levels for each criterion" It is
often possible to define this ordering without final or even accurate figures for
the performance level, For example it may be possible to determine that a
given option will produce a greater profit than an alternative before the
magnitude of the difference is accurately known. This type of pre-emptive (or
"intuitive") decision-making has an important rote in refining the set of
alternatives and in hastening the decision process" The potential danger in
prolonging the decision process in a competitive commerciai environment has
been highlighted by Bourgeois and Eisenhardt (1987)

MCDM can be used to simulate the responses of other interested parties, The
priorities of other stakeholders may be different to those of the decision-maker.
MCDM can help to anticipate and understand their responses and to suggest
appropriate action"

MCDM avoids much of the artificiality of assigning cash values to intangibles"
This is often the most contentious component of project appraisal since many
peopie are suspicious of attaching "values" to factors such as time or human life,
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