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COMPARAISON, SUR UN CAS PRECIS,
DE DEUX MODELES CONCURRENTS D'AIDE A LA DECISION

RESUME

Relativement a un probléme précis d'aide d la décision, i1 n'est pas
rare d'avoir le choix entre deux modéles : 1'un, prenant appui sur la thée-
orie de 1'utilité, explicite un critére unique ; 1'autre, renoncant & cet
objectif, tire parti (comme le font Tes méthodes ELECTRE) d'une relation
de surclassement. I1 est intéressant d'examiner, autrement que sur un
plan théorique, en quoi ces deux voies différent.

Pour cela, nous avons choisi une étude menée aux Etats-Unis par Keeney
et Nair portant sur le choix Je sites nucléaires, étude menée & 1'aide de
la théorie de T'utilité. Nous avons pu avoir accés a une documentation
importante contenant en particulier toutes les données essentielles. 1I1
nous a fallu reconstruire ce qu'aurait été 1'étude si elle avait été me-
née a 1'aide du modéle ELECTRE III. Dans cette "expérience", nous ne nous
intéressons pas au cas concret pour Tui-méme et nous ne remettons pas en
question Tes six dimensions retenues par les auteurs pour apprécier les
conséquences d'une implantation nucléaire sur chacun des sites étudiés.
Nous nous interrogeons en revanche sur :

- le mode de construction des critéres (substitution de nseudo-cri-
téres faisant intervenir la notion de seuils dans les espérances mathéma-
tiques d'utilité prenant appui sur des lois de probabilité) ;

- la représentation des préférences globales d'un décideur plus ou
moins mythique (substitution d'une relation de surclassement & 1'espé-
rance mathématique d'une utilité globale) ;

- le mode d'exploitation du modéle et Ta nature de la prescription
qui en découle (substitution de préordres partiels & des préordres com-
plets).

En confrontant de la sorte deux modéles 3 une méme réalité en vue
d'éclairer une méme décision, on espére :



Il

- mieux mettre en évidence les différences que 1'un et 1'autre in-
duisent quant & Ta maniére d'interroger la réalité et d'élaborer des don-
nées ;

- mieux comprendre ce que 1'un et 1'autre ont d'arbitraire, de fra-
gile ou, au contraire, de réaliste, de robuste ;

-~ mieux percevoir en quoi 1'un et 1'autre peuvent conduire a des
résultats convergents ou divergents.

N'ayant pas accés aux acteurs concernés par le processus de décision,
il ne nous était évidemment pas possible, sur ce cas, de tester de facon
comparative 1'acceptabilité des deux modéles ni d'apprécier leur impact
propre sur le déroulement d'un processus de décision. Ces deux derniers
points pourront faire 1'objet d'autres expérimentations.
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COMPARISON OF TWO DECISION-AID MODELS
APPLIED TO A NUCLEAR POWER PLANT SITING EXAMPLE

ABSTRACT

The aim of this paper is to examine on a non-theoretical ground to
what extent outranking and MAUT decision-aid approaches differ.

For this purpose, we chose a study using utility theory conducted by
Keeney and Nair in the United States, dealing with a nuclear plant siting
problem. We had to determine what the study would have been if it had
been conducted with the use of the ELECTRE III model.

In this "experiment", we are not interested in the practical problem
for its own sake but in :

- the way to build criteria ;

- the representation of a more or less mythical decision maker's glo-
bal preferences ;

- the way to make use of the model and the nature of the derived pres-
cription.

Confronting the two models in order to aid the same decision in the
same context, we study :

- the differences that thy induce when facing a real problem and
building a set of data,

- their respective part of arbitrariness, weakness, realism, robust-
ness, '

- the convergence or divérgénce of their results,

and insist upon the differences between a "descriptive" approach (MAUT) and
a "constructive" one (outranking).

(Key-words : Decision-aid, Multi-attribute utility theory, Outranking me-
thods). '



I - INTRODUCTION

1. The two competing models

Let us consider a situation where a decision is necessary and where
several criteria are involved. The analyst who has to help an actor in
such a decision process by using as rigourous a method as possible, ge-
nerally has the choice between several approaches, which involve several
ways of viewing the real world and can lead to significantly different
models. The objective of the present study is to compare two of these mo-
dels that are frequently used, and thus to shed light on two different
currents of thought that have been developing on either side of the Atlan-
i

The first of the two models derives from multi-attribute utility theo-
ry. This theory is based on a set of axioms referring to a highly coherent
and complete preference system, considered as an objective reality, not in-
fluenced by the analyst. His task is therefore supposed to consis merely
of delimiting such a preference system and making it explicit. To this
end he has to consider that probability distributions can always be used
to analyse the uncertainty affecting the evaluations of the various con-
sequences of each solution, alternative, programme or possibility, what we
will call actions, relevant to the decision problem. The analyst may then
assess using this probabilistic description, partial utility functions u,
(the subscript 1 referring to an attribute or to a "point of view"), and
aggregate them into a global utility function wu. It is then a logical
consequence of the set of axioms (cf. Von Neumann and Morgenstern (1947),
Fishburn (1970) and, for a critical discussion, Allais (1953)) that the
expected value of the global utility is a criterion representing the pre-
ference system. More precisely, for any two actions a, a'

E(u(a')) > E(u(a)) <= a' P a
E(u(a')) = E(u(a)) < a' I a



(where P and I represent respectively strict preference and indiffe-
rence relations). Accordingly, we will call this expected utility cri-

terion a "true-criterion".

The second model does not claim to deal with an objective reality to
be "described", but with the relationship with reality that the actors
of the decision process have or wish to have. This model is thus a cons-
truction designed to illuminate possible decisions by means of pragmatic
ideas and intentional actions. It is therefore difficult to connect this
model with a set of axioms. In addition to probability distributions, it
uses dispersion thresholds and discrimination thresholds as a way of de-
fining what is uncertain but also what is imprecise and i11-defined in
the evaluation of the consequences of the actions. This model no longer
refers to a complete and coherent preference system. It considers ins-
tead that, given any two actions a and a', and given their evaluations
in terms of different criteria, each of the following to statements

"a' is to be considered as at least as good as a" (a' S a),
"a is to be considered as at least as good as a'" (a S a')

can be either accepted, or refused, or, in ambiguous cases, appraised on
a scale of credibility. Moreover, the acceptance or refusal of one of
the two statements does not imply any information as to the acceptance
or refusal of the other ; if both statements are refused, the two actions

are said to be incomparable.

The definition of such a relation S - which is called an outranking
relation - involves not only the thresholds mentioned above, but also di-
verse variables ("indices of importance" and veto thresholds), whose func-
tion is to reflect the respective part to be played by each criterion.

The formulas defining S are constructed in such a way as to respect
certain qualitative principles, and, in particular, they rule out the
possibility that a major disadvantage on one criterion could be compen-
sated for by a large number of minor advantages on other criteria. They
do not imply that S should necessarily be transitive or comnlete. The
only justification for such formulas is the application of common sense

to these principles.



In contrast with expected utility, S does not in general provide a
clear ranking of the actions in the form of a complete preorder. In this
approach, the systematic search for such a preorder cannot be justified,
and, accordingly, the model only leads to the establishment of a partial
preorder. A detailed "robustness" analysis then allows one to determine
which of the comparisons of actions are convincingly justified by the mo-
del in spite of the element of arbitrariness in the allocating of values
to certain of the parameters (thresholds, indices of importance, ...).

Further details of these models and their theoretical background can
be found in Keeney and Raiffa (1976) and Roy (1977, 1978).

2. The methodology of the comparison

In order to compare the two models and, more generally, the two cor-
responding approaches, we examined a particular example, the siting of
a nuclear power-plant on the North-West Coast of the United States. The
Washington Public Power Supply System (WPPSS) requested Woodward-Clyde
Consultants to carry out a study on this subject a few years ago. In
many ways, this study seems to be a very good example of the application
of the first of the above-mentioned approaches. It has been described in
a number of papers, most notably by Keeney and Nair (1976) and Keeney and
Robillard (1977).

After an initial stage of the study, the set of potential sites was
reduced to 9. In order to judge and compare them, 6 points of view were
chosen, leading to 6 partial utility functions (and consequently 6 crite-
ria if one is arguing in terms of expected values). Our aim was to carry
out the work that could have been done using the outranking model - hence-
forth model S - instead of the utility one - model U -. The description
below covers the different stages of the construction of model U, and for
each one shows the corresponding stages in model S. The data of the si-
tuation will be given at the same time as the description, which will con-

sist of three parts :
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- the modelling of the partial preferences on each of the & points
of view, in other words the construction of the criteria ;

- the aggregation model defining the global preferences ;

- the recommendations themselves.

Given that we could not obtain information from experts of the WPPSS
management, we were often obliged to make deductions exclusively on the
basis of the information available. As our aim was not to carry out ano-
ther study but to compare the two models, this disadvantage had little in-
fluence on our work.

3. The objectives of the comparison

We had three objectives in comparing the two different models applied
to the same decision situation :

a) to emphasize the different ways in which the two models explored
reality and drew on what are officially (and mistakenly) called "data"
(data are more often "built" than "given") ;

b) to understand better the extent to which the two models are arbi-
trary, vulnerable, realistic or robust (all elements necessary for asses-
sing their respective degrees of reliability) ;

¢) to appreciate better how and when the two models produce similar

or different recommendations.

It would certainly have been interesting to attempt to place the com-
parison on another level : that of their contribution to the decision pro-
cess, in other words, their acceptability to the different actors and their
impact on the course of the process. However, this would have required an
experimental study of a different nature from the present one.

The final section of this paper will be devoted to an assessment of
the study in terms of these three objectives.



IT - THE CRITERIA

1. Introduction

The designers of model U used 6 relevant points of view for compa-
ring the sites, which we will accept for the purpose of the present study,
assuming that the WPPSS was willing to impose them. The 6 points of view
are :

- 1 : the health and security of the population in the surrounding
region ;

- 2 : the loss of salmonid in streams absorbing the heat from the
power-station ;

- 3 : the biological effects on the surrounding region (excluding
the salmonids Toss) ;

- 4 : the socio-economic impact of the installation ;

- 5 : the aesthetic impact of the power lines ;

- 6 : the investment costs and the operating costs of the power-sta-

tion.
(Further details may be found in Keeney and Nair (1976)).

The description of the consequences of an action s (the installation
of a power-station on site s) connected with any one of the 6 axes of si-
gnificance is clearly not simple. Here again, we based model S on the
description carried out by Keeney and Nair in the perspective of model U.
We will give details of this description in the next paragraph. But first
we must emphasize what such a description consists of, and how one deduces
from it a representation of the preferences in model U vis-d-vis each
point of view. We must also indicate how model S differs in there res-
ﬁects. We will thus see that, in each approach, a distinctive sub-model
of preference is constructed. This sub-model constitutes what is usually
called a criterion ; it will be denoted 95 for the point of view 1.



In model U, it is an a priori condition that the consequences of an

action s be describable in terms of 6 random variables Xi(s) (i =1,

.» 6). Each variable is regarded as an attribute Tinked to the action
in question. The carrying out of this action must be accompanied by a
realisation of Xi(s) by means of a random draw according to its proba-
bility distribution. The particular value xi(s) thus realised must en-
capsulate on its own all the information to be taken into account concer-
ning the point of view considered. The first step must therefore to be
determine this information in concrete fashion, in order to be able to
define the attribute and thus make the probability distribution explicit.
But since the different distributions may be probabilistically dependent,
the general case must be studied in terms of the joint distribution of the
6 random variables.

This explains why the preference system that the set of axioms refers
to is based on the comparison of such multidimensional probability distri-
butions. In the particular case we are considering, but also in general
when dealing with real decision-aid problems, it is accepted in practice
that :

- the random variables xi(s) are probabilistically independent ;

- the preference system benefits from two simplifying hypotheses :
preferential independence and utility independence (cf. Keeney and Raiffa
(1976) and Keeney (1974)).

These two hypotheses (1) together with the classical axioms of utility
theory renders the following procedure legitimate :

- the analyst questions the person who seems to possess the prefe-
rence system to be represented, in order to assess a partial utility func-

tion ui(x) related to the point of view i ;

(1) The theory included tests designed to check their realism, but put-
ting them into practice involves difficulties that make the results
unconvincing.



- he makes explicit the marginal probability distribution of the
attribut Xi(s) -

- he calculates the expected value of this partial utility for each
of the actions : g;(s) = E[ui(xi(s)] i

= in the preference system to be represented, the bigger gi(s) 154
the better s 1is, other things being equal.

In this case, it is meaningful to compare two actions s and s' by
referring only to point of view 1. The comparison is carried out in terms
of the numbers gi(s) and gi(s‘). The function 95 is then a true-cri-
terion in the sense ascribed to this term in § 1.1 (for further details,
see Roy (1979-1982), chapter 9).

This possibility of comparing any two actions - other things being
equal - is a prerequisite for model S. The points of view i must in-
deed be designed in such a way that these ceteris paribus comparisons cons-
titute an appropriate departure point for the relationships that the ana-
lyst must establish between the actors (possibly the decision-makers) and
their vision of reality. Since the preference system of these actors is
no longer regarded as pre-existing in this reality, the existence and the
definition of the criteria g; can no longer be a direct consequence of
its observable properties. These criteria should, in particular, be de-
fined with relation to the nature of the information available on each
point of view and by taking into account as much as possible the elements
of imprecisioh, uncertainty and indetermination which affect this informa-
tion. Obviously, there is nothing to prevent a given criterion from taking
the form of an expected utility criterion. However, in many cases, proba-
bility distributions may appear insufficient for taking into account the
whole significance of these elements. In addition, the framework of true-
criterion may seem too narrow to describe the conclusions of such compari-
sons. Model S therefore leads one to substitute pseudo-criteria for the

true-criteria of model U,

The pseudo-criterion induces on the set of actions a structure genera-
lising the semi-order one (see Luce (1956)) by introducing two discrimina-



tion thresholds : q; (the indifference threshoid) and Ps (the preference
threshold). For the point of view of criterion 9;, we have :

- s' indifferent to s iff |91(S|) - gi(s)[ < Qs
- s' strictly preferred to s iff gi(s') > g:(s) + P
- s' weakly preferred to s iff q; < gi(s') - 91(5) <Py

In the general case, the thresholds 9y and p; may be dependent on
gi(s) (or on gi(s')). Further details may be found in Roy and Vincke

(1982) and Jacquet-Lagréze and Roy (1981).

In model U, the criteria g; are defined as soon as one has assessed
the utility functions u; and chosen a probabilistic description for each
of the attributes Xi‘ The procedure culminating in the determination of
gi(s) and the two associated discrimination thresholds characterising each
of the pseudo-criteria of model S 1is completely different (cf. Roy (1979-
1982), chapters 8 and 9). It is based on an analysis of the consequences
belonging to the point of view 1 and of our ability to model them, ei-
ther as a single number constituting what we will call a "single point-
evaluation" (which may or may not be allocated an imprecision threshold),
or as several numbers constituting a "non single point evaluation", each
of these numbers possessing (potentially) an index of Tikelihood having
the meaning, for example, of a probability. Since the only information
available to us was the probabilistic description of model U, such a tho-
rough analysis was not possible here. Conseduently, we based the defini-
tion of the criteria involvec in model S on common sense, although we
" tried to stay as close as possible to what we believe this part of study
could have been in a real context, with experts and decision-makers. The
type of reasoning used in the next sections is therefore more important

than the precise numerical values elicited.

2. Case of two criteria (n° 1 and 5) based on quantitative single point-

evaluation

Amongst the 6 attributes used to describe the consequences of the ac-
tions in model U, there were two, X1 and X5, which were not regarded



as random numbers, but as numbers that were known with certainty. In other
words, a given site s 1is characterised in terms of these two points of
view by two figures, xl(s), x5(s) ; and this is why we speak in this case
of single-point quantitative evaluations. The evaluation on point of view
n® 5 being in many ways simpler, we will choose this one to start with.

The figure x5(s) represents the length of the high-tension wires (nee-
ded to connect the power-station to the grid) which will harm the environ-
ment if the power-station is constructed. For the 9 potential sites, it

varies from O ta 12 miles (11,

Although the measure of this attribute was
not regarded as a random variable, it proved necessary to define a utility
function u5(x5) in order to take this attribute into account in the glo-
bal preference model. The assessment of this function was carried out using
the classical 50-50 lottery technique (cf. Raiffa (196€) and Keeney and Nair

(1976)). The results obtained implied a linear expression :

It follows that the true-criterion g of model U is simply :

s (5)
9%(s) = 1 - —53

Within model S, a.criterion associated with this point of view could
have been defined by letting 95(5) = x5(s). Nevertheless, this number
does not seem to be precise enough, for one to be able to say that, if

two sites s and s' are characterized, respectively, by :

xs(s) = 10, x5(s') = 9,

then site s' «can necessarily be regarded (other things being equal) as
significantly better than site S. The difference of one mile may indeed

(1) A11 the numerical data used in models U and S can be found in Roy
and Bouyssou (1983).



not seem convincing, given the uncertainty in the situating of the power-
lines and, especially, the arbitrariness inherent in the choice of the
sections of line to be taken into consideration. We dit not have access
to the information necessary for evaluating the influence of these fac-
tors, and we consequently assumed that x5(§) was not known within an
interval whose size grew with the distance involved but remaining no Tess
than 1 mile for short distances. It seemed reasonable to choose a very
low rate of growth : 3 % (a rate of 10 % would not have changed the re-
sults). This amounts to saying that 95(3) = x5(5) is ill-determined

over an interval of the form :

[95(s) = ng(ds(s)) 5 95(s) + ng(s(s))]

with ng(s) = 1+ -ﬁ% 95 (s).

The function g characterizes what is called a dispersion threshold
(cf. Roy (1979-1982), chapter 8). General formulas (cf. Roy and Bouyssou
(1983), appendix 4) can be used to deduce the two discrimination thresholds
which complete the definition of the pseudo-criterion 9 °

)) = 1+ 105 95(5)

)) = 2,0618 + 0,0618 95(5).

indifference threshold :

5 (95 (

q S
preference threshold :,p5(95(s

_ The certain number xl(s) is an officiel index : the "site population
factor". This index provides a measure of the total population whose health
and security might be affected by the construction of a power-station on

the site, and is expressed as a function of the distance of the population
from the power-station. The index varies in this case between 0.011 and
0.057. Still considering the 50-50 lottery technique, a linear form

was again employed for the utility function. Given extreme values for X
of 0 and 0,2, we have :

ul(xl) =1-5 X1

and hence the true criterion of model U :
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gy(s) =1 -5 x(s).

For model S, once again it would have been natural to set gl(s) =
xl(s). Even more than x5(s), xl(s) seems to be imprecise and arbitra-
ry. This number is the outcome of an "aggregation operation" whose aim
is to represent a distribution characterizing a set of people located at
various distances from the power-station by means of a single number. The
problem is that this distribution may change with time. The type of this
"aggregation operation" is not the only one that can be imagined ; and in-
deed the very way in which it is applied can result in variations. Accor-
dingly, it seemed to be reasonable to adopt a dispersion threshold equal
to i%%-xl. The indifference and preference thresholds characterizing
the pseudo-criterion 91(5) have, under these conditions, the following

values :

qy(94(s)) = 0.1 g5(s), py(gy(s)) = 5 gy(s).

3. The case of two criteria (n° 3 and 4) based on non single point qua]i—-

tative evaluations

To define the attributes X3 and X4, Keeney and Nair introduced two
qualitative scales having respectively 8 and 7 adjacent intervals. The
nature of the biological or socio-economic impact, covered by each inter-
nal, was determined by means of relatively concrete and precise descrip-
tions of the future situation. For each of the two attributes and for
each site s, approximately 10 experts were asked to use such descriptions
to characterize the outcome which, in their view, seemed most probable in
the hypothesis of the power-station being constructed on that site. The
proportion of votes received by each interval was used to define the (sub-
Jective) probability distributions of Xs(s) and Xq(s).

Two utility functions, u3(x3) and uq(xq) were then assessed (using
a particular technique adapted to the qualitative nature of these scales,
cf. Keeney and Nair (1976)), 93(x3) and 94(x4) corresponding respecti-
vely to the expected utility of X3(s) and X4(s).
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Once again, it is important to point out that we would have used a
similar method to evaluate the biological and socio-economic impacts on
the potential sites. The evaluation obtained by Keeney and Nair (a dis-
tribution of the experts' opinions, involving in general more than one
interval of the scale in question) is called a "non single-point one".

In order to define g3(s) and 93(5), only one of the intervals consi-
dered by the experts must be chosen. We selected the interval nearest

the centre, that is the one which divides the experts most equally into
those who are at least as optimistic and those who are at least as pes-
simistic as this value. Given the nature of the scales in question, cons-
tant discrimination thresholds were adopted. After examining the distri-
butions of the experts' opinions, we used :

g = 1, p3 =2,
qq = 0, Py = 1.

4. Case of a first criterion (n° 2) based on non single point quantita-
tive evaluations

X2 is more complex than the other attributes studied up ti1l now.
The total quantity Q of salmonids which might be destroyed following
the construction of a power-station was not relevant on its own to the
appraisal of the "loss of salmonids". Given the sensitivity of certain
ecological equilibria, the destruction of 10,000 salmonids in a river
containing 20,000 cannot be regarded as equivalent as the loss of 10,000
in a river containing 300,000. It was therefore necessary to analyse the

consequences in terms of two factors :

- the total number Y of salmonids living in the river ;
- the percentage Z of salmonids destroyed.

An exhaustive study (cf. Keenay and Robillard (1977)) led the authors
to distinguish between large rivers (Y > 300,000) and small ones (Y < 100,000) -
there were no medium-sized rivers in this particular study. For the large



13

rivers, the attributed studied X2 could be taken into account simply by
using the absolute number Q = Y.Z by means of a utility function defi-

ned by :

uz(xz) = 0.568 + 0,432 uQ(Q)
with

U@ = 0,783 (e(0,00274(300-0) _ 1,

(Q being expressed in thousands).

For the small rivers, on the other hand, it proved necessary to take
Y and Z into account separately, by means of two partial utility func-
tions uY(Y) and uZ(Z) (cf. Roy and Bouyssou (1983), appendix 3), the
utility of X2 being deduced from them by :

Uy (X5) = uy(Y) + UZ(Z) - uY(Y).uZ(Z).

To calculate the expected value gz(s), the authors of model U assu-
med that :

- for each site s, Y took on a value y(s), known with certainty ;
- Z was a normal random variable with a standard deviation equal to

half its expected value.

In order to implement model S, we would probably not have undertaken
so complex a study to define criterion 9o+ Doubts about the results of
this work may be all the more justified given that :

- the probability distributions of variables Y and Z were not de-

fined with as much care as the utility function, and

- the expected utility gz(s) (which orders the 9 sites in exactly
the same way as the numbers E(Q(s))) does not seem to reflect very faith-
fully the qualitative principles adopted at the beginning of the utility

analysis.

We would instead have tried to analyse why, given two rivers containing
exactly y and y' salmonids, it was more damaging to destroy q of them



in the first - assumed here to contain the least fish - than a slightly
large number q' in the second. Then we would have explored qualita-
tive considerations to try to connect q' with g, y and y' in such

a way that the damage done in the two rivers was of the same magnitude.
One could, for instance, have examined whether a simple formula such as

q' = q.(%})a was capable - with « appropriately chosen between 0 and

1 - of representing the experts' opinions on such cases of equivalent
amounts of damage. On the sole basis of the analysis done for model U,
we considered it possible to define criterion 9, from the above formula,
by adopting two different versions of this criterion corresponding respec-

tively to :
1. _q :
0,'.—'2‘-92(5)‘_'=Z‘/y
vy

a=0: gz(s) =q=2Z.y.

(The values of the criteria g, are calculated, in model S, by setting

z = 2(s)).

The above reasoning was effected without taking into account the dif-
ficulties of evaluating y and predicting z for each river. The large
value adopted for the standard deviation of Z and the necessity of co-
ping with the imprecision affecting y 1led us to adopt a broad disper-
sion threshold which we fixed as 0,5 gé(S) and 0,5 g%(s). We thus have :

4 = 0,5 g5(s)» Py = 2 gy(s), ay = 0,5 g5(s), py = 2 g5(s).

5. Case of a second criterion (n® 6) based on non single point quantita-

tive evaluations

The authors of model U considered that the investment and operatingr
costs of a power-station located on a site could be appraised relatively
to the costs of the cheapest site So- The attribute X6(5) therefore
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reflects a differential cost. It was supposed that the insufficient know-
ledge affecting this cost could be modelied by treating X6(s) as a nor-
mal random variable with a standard deviation equal to a quarter of its
expected value (1). This expected value was estimated by the values

§6(s) varying from 0 to 17.7 (in millions of dollars per year, cf. Roy
and Bouyssou (1983), appendix 3). Let us point out that it is sure that

X6(52) = 0.

The criterion 96(5) of the model U 1is the expected utility of this
random differential cost. Again invoking the lottery technique, the uti-
Tity function u6(x6) was defined as :

0,009 x

b
u6(x6) =1+2,3(1-c¢

).

Once again, we would probably have constructed model S in different
way. Since it is not the same actors who are responsible for the invest-
ment and running costs, we would perhaps have introduced a criterion for
each of them. But because we cannot analyse these costs in detail in the
present study, we will merely set :

Lacking a more objective foundation, we can use the following reasoning
to determine dispersion thresholds. Firstly, the values of 26(5) which
were suggested contain the assumption that the investment and running costs
will actually lead to the same expenses on site S, as on any other site
s. This is obviously a source of sufficient error to cast into doubt the
whole idea that a site s' s more economical than a site s when 26(3)
- x6(s') is small. We decided, on the basis of this single hypothesis,
that the "real" differential cost had to be regarded as il1l-determined on

an asymmetrical interval : [26(3) -1 26(5) + 21.

(1) The costs are supposed to correspond to a standard type of construc-
tion which is considered fixed. No trade-offs with criterion 1 are

explicitely considered.
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Secondly, the calculation of 26(5) follows on from the evaluation
of multiple factors which all involve specific expenses for site s. But
the study carried out on each site remains brief until the construction
is actually decided. In other words, these costs are not necessarily the
only ones : they are relatively imprecise and possibly too optimistic.
The margin of error resulting is asymmetric and its size is proportional
to 26(5) itself. The factors involved here seem to have no connection
with the ones taken into account previously. We shall therefore assume
that the effects can be added together. We have the following dispersion

threshold :
[Xg(s) = 1-0,1 26(5), Eﬁ(s) + 2+ 0,5 xs(s)1.
Thus :

q5(95(s)) = 1,1 + 0,11 ge(s), pgl9g(s)) = 3,33 + 0,67 gg(s).

IIT - AGGREGATION OF THE CRITERIA AND GLOBAL PREFERENCE

1. Introduction

Having in this way defined the true-criteria of model U and the.
pseudo-criteria of model S, we will now present the part of the model
dealing with their aggregation. In the present section, we will brief-
1y describe the parameters involved in the aggregation phase of each model.
The following two sections will be devoted to the evaluation of these pa-

rameters.
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Assuming that the WPPSS's preference system is a pre-existing entity,
that it conforms to the axioms of utility theory, that the hypotheses of
independence mentioned in section 1.2 are acceptable, and that the res-
ponses to the questions posed in order to assess the partial utility func-
tions were governed by this preference system implies (using a general
theorem - cf. Keeney and Raiffa (1976)) that this preference system is
representable by means of a true-criterion g(s) defined in terms of the
criteria gi(s) by one of the following two expressions :

i=6 i=6
g(s) = = ki.gi(s) with & ki =1 (1)
i=1 i=1
1 i=6
g(s) = oL (1 + k.ki.gi(s)) - 11 with (2)
i=1
i=6
k#0, k==-1, k=1 (1+ koks) - 1. (3)
i=1

This last expression of g(s) was the one chosen by Keeney and Nair
(we will see the reasons why in § III.2). In order to complete the cha-
racterization of model U, it is consequently sufficient to assess the
coefficients ki (whose values increase with the relative importance
attached to criterion 1, once the utility functions have been defined)
and to deduce the value of k from them by solving equation (3), which
normally has only one non-zero root greater than - 1 (cf. Keeney and Nair
(1976) ).

In model S - which corresponds to ELECTRE III (cf. Roy (1978)) - the
aim is no longer to use the pseudo-criteria gi(s) to determine a true-
criterion, or even a pseudo-criterion. The more modest aim is to compare
each site s to site s' on the basis of their values on each 95 ta-
king into account the thresholds q; and Pss and hence to adopt a po-
sition on the acceptance, the refusal or, more generally, the credibili-
ty of the proposition : '

tn
.

"site s is at least as good as site s



As we pointed out in § 1.2, this credibility depends on pragmatic
rules of simple common sense, rules which are mainly based on notions
called concordance and discordance. These notions allow one :

- to characterize a group of criteria judged concordant with the
proposition studied, and to assess the relative importance of this group
of criteria within the set of the 6 criteria ;

- to characterize amongst the criteria not compatible with the pro-
position being studied, those which are sufficiently in opposition to
reduce the credibility resulting from the taking into consideration of
the concordance itself, and to calculate the possible reduction that
would result from this.

In order to be able to carry out such calculations, we must express
in explicitly numerical fashion :

- the relative importance ki accorded by the decision-maker to cri-
terion i in calculating the concordance ; let us merely indicate here
that these numbers have virtually no influence except for the order that
they induce (because of their addition) on the groups of criteria invol-
ved in the calculations of concordance ;

- the minimum Tlevel of the discordance giving to criteria i the po-
wer of withdrawing all credibility from the proposition being studied, in
the case where this criterion is the only one of the 6 which is not in
concordance with the proposition : this minimum level is called the veto
threshold of criterion 1 ; it is not necessarily a constant, and there-
fore we will denote it Viigi(s)].

It is important to emphasize that model S is different from model U
in that the indices of importance (and also the veto thresholds) are not
values stemming from the observation of a pre-existing variable but va-
lues designed to convey deliberate positions adopted by the decision-ma-
ker, positions which are mainly of a qualitative nature. It follows that
the techniques to be applied in order to evaluate the parameters we have
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Jjust discussed for both models reflect two different attitudes towards rea-
1ity (cf. V.I) even more than the criteria do. In each model, there is a
considerable amount of arbitrariness affecting the value chosen. The re-
commendations must consequently take into account the robustness of the
results towards these factors. They nevertheless depend strongly on the

underlying model.

2. Modulation of the importance of the criteria

Within model U, the assessment of the scaling constants ki' is car-
ried out by means of lottery comparisons.

Let us denote §1 and  x. the respective values used to scale the
partial utility function u; between 0 and 1. We have ”1(51) = 0 and
ui(§1) = 1. Let us consider the following two multidimensional lotteries.
The first one, Ll, is a degenerate lottery resulting for sure in an “ima-
ginary site" (1) which receives the worst evaluations on all the criteria ex-
cept J, where its evaluation is §j. The second Tlottery, L2’ give rise
to another imaginary site whose evaluation is either the best possible on
all the criteria with probability p, or the worst possible on all the

criteria with probability (1 - p).

The expected utility of L2 is p 5 and the utility of L1 is kj
in the multiplicative representation (2) - and indeed also in the addi-
tive one (1). If the decision-maker is able to determine that particu-
lar probability p which guarantees indifference between the two lotte-

ries, we can state kj = p.

By iterating this procedure, one can therefore - in principle - assess
the 6 coefficients ki’ and hence k, the solution to equation (3).

The lotteries to be compared here are multidimensional, unlike the
ones used to assess the partial utility functions. Even with the help
of sophisticated interview techniques to assess the probability p,
it is difficult to escape the conclusion that this sort of comparison

(1) This imaginary site is also "idealized" since its consequences are
supposed to be perfectly determined by the probability distribution.
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of imaginary sites is inherently extremely complex, and that the decision-
maker may even be unable to reply to such questions in a reljable fashion.
In order to try to avoid this obstacle, the designers of model U used a

more indirect assessment technique comprising :

- an ordering of the coefficients ki H
- an estimation of trade-offs between attributes ;
- an estimation of the coefficients ki'

This procedure, which is described in detail in Roy and Bouyssou (1983,
appendix 6) and Keeney and Nair (1976), is still based on lottery compari-
sons of type L; and L,. It is therefore vital not to attribute an il-
Tusory precision to the values of the ki estimated in this way.

The designers of model U used in the end :

Ky
k

0.358 ; k2 = 0.218 ; k
0.400.

3 0.013 ; |<4 = 0.104 ; k5 = (0.059 ;

6

6
One can observe that ¢ ki
i=1
of the multiplicative structure (cf. Keeney (1974)).

1.152 # 1, which justifies the choice

Solving equation (3) then gives k = - 0,3316 (1).

In model S, the only influence of the indices of importance is the
ranking they impose on the different criteria or groups of criteria. If
we had carried out the study, would probably have tried to assess such a
ranking interactively with the decision-makers of the WPPSS. We would
then have tried to find various sets of indices of importance compatible
with these merely ordinal considerations.

(1) The results in this paper are the ones we obtained by calculating
from the data published in the articles quoted. They are slightly
different from those given by Keeney and Nair (1976).
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Without access to the decision-makers, we had to try to "translate"
the information conveyed by the utility function concerning the relative
importance of the criteria into indices of importance, to attempt to pro-
duce a comparable system of values and hence to ensure that the compari-
son of the results of the two methods was still meaningful. The technique
used is detailed in Roy and Bouyssou (1383, appendix 7). Let us simply
point out that the ki in model U do not have an immediate interpre-
tation in terms of the relative importance of the criteria (cf. Keeney
and Raiffa (1976) and Zeleny (1981)). The magnitude of the scale and
the shape of the partial utility function both affect the ki values.
This relative importance seemed to us to be reflected more accurately by
the range of variation of the different ratios :

Rij s 1, § = 1, ..., 6 (4)

where g 1is given by formula (2) and the g; are as defined in part II.

One can qualitatively interpret the value of R1.j as the gain needed
on criterion Jj to compensate a loss on criterion 1. We examined the va-
riation ranges of the ratios Rij which led us to employ eight sets of in-
dices of importance (cf. Roy and Bouyssou (1983), appendix 7) covering col-
lectively the same value system as the one convoyed by model U. In fact,
we considered that the ki were so imprecise in model U and that this
translation was so inherently arbitrary that it became unrealistic to try
to maintain a single set of indices.

3. The veto thresholds

As veto thresholds convey deliberate and "intentional" positions, they
cannot be "assessed". This explains why we would probably have produced
the same kind of work as the one reported here had the study been a real
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one. Once the decision-maker is satisfied with the qualitative principles
underlying the partially compensating character of model S, one can then
ascribe numerical values to the different thresholds in empiric fashion,
taking into account the relative importance of the criteria, the distri-
bution of the site evaluations over the criteria, and the size of the va-
rious preference thresholds. Given an inevitable arbitrariness in the
choice of these numerical values, one generally then carries out a sys-
tematic robustness analysis on these coefficients.

Model U being compensatory, it was not possible to deduce from the
available information qualitative considerations that would have helped
to determine the veto thresholds. Therefore, it is principally our par-
ticular perception of the problem which is reflected in this choice. Ho-
wever, the robustness analysis showed that the values chosen had Tittle
influence on the results within a fairly wide range of variation. It
seemed reasonable in all cases to take the thresholds vj(gj(s)) as mul-
tiplesof the preference thresholds pj(gj(s)) (not that there is neces-
sarily any fixed 1ink between these two figures). We imagined that the
less important the criterion the larger the value of the coefficient 0
such that vj(gj(s)) = 0 pj(gj(s)). In particular, the veto threshoids
for criteria 3 (biological impact), 5 (aesthetic impact) and 4 (socio-
economic impact) were chosen so as to have no influence. On the first
level of analysis, we used the following values :

Vl(gl(s)) =6 pl(gl(s)) v4(g4(s)) = 4 P4(94(5))
Vz(gz(s)) = 255 pz(gz(s)) VS(gS(S ) =20 DS(QB(S))
V3(g3(5)) = 4 p3(93(5)) V6(96(_5)) 1,7 p6(96(s))

IV - CONTENTS AND PRESENTATION OF THE RECOMMENDATIONS

1. Introduction

1

We have, in model U : g(s) =[ 1 (1 + k ki gi(s)) - 1] K

.i

= o

1
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The values of k and of the ki were given in § II[.2 and the form
of the gi(s) in § II. One can therefore obtain the number g(s) and
using the principles of the true-criterion, rank the sites on the follo-
wing basis :

s' preferred to s <= g(s') > g(s)
s' indifferent to s <= g(s') = g(s),

and hence deduce the recommendations.

In model S, the situation is different. As mentioned above, this mo-
del seeks to establish a fuzzy outranking relation between the actions,
that is to evaluate the proposition "s' ds at least as good as s" on a
credibility scale. A distillation procedure is then used to rank the ac-
tions on the basis of this fuzzy relation (see Roy (1978)). Two total
preorders thus emerge, which behave in opposite ways when confronted with
those actions which are hard to compare with another group of actions (one
of the preorders tends to put them before this group, and the other, af-
ter).

The intersection of these two preorders leads to a partial preorder
emphasizing the actions which have an ill-defined situation in the ran-
king. This incomparability must be accepted, since model S explicitly
acknowledges the imprecise, and even arbitrary, nature of some of the da-
ta used. The quality and reliability of the recommendations depend the-
refore to a considerable extent on a systematic robustness analysis.

2. The results

One can summarize the results of model U in the following way (1) :

(1) See footnote (1) page 21.
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TABLE IV.1
Rank Site g(s)
1 S, 0.926
2 So 0.920
3 S1 0.885
4 Sa 0.883
5 Sg 0.872
6 Sq 0.871
7 57 0.862
8 35 0.813
9 S¢ 0.804

The ranking obtained is therefore a complete ordering.

The authors of model U carried out a sensitivity analysis on this or-
dering. Nevertheless, the fact that they disposed of an axiomatic basis
and that they had obtained the various data (shapes of utility functions,
values of the ki) by questioning persons supposed to represent the deci-
sion-maker 1), led them to effect an analysis only of "marginal" (2) mods -
fications of the data. This resulted in a virtually complete stability of

the ordering vis-a-vis these modifications (cf. Keeney and Nair (1976)).

The robustness analysis is a crucial part of model S. We present in
Roy and Bouyssou (1983, appendices 9 and 10) the overall robustness ana-
lysis (which involves more than 100 different sets of parameters) and the
results obtained. Knowing the arbitrariness of the evaluation of some of
the parameters, we considered that an entire subset of the space of the
parameters was in fact plausible, a subset which we checked systematical-
1y in order to make our conclusions as reliable as possible.

We will merely observe here that, of all the possible sources of va-
riation, the form of criterion 2 selected (gé or g%) has the greatest
influence. In Roy and Bouyssou (1983, appendix 10), we showed that, with

(1) In fact, most frequently the research team themselves.

(2) Marginal, by opposition to a cross-linked variation of all the para-
meters in the model. Here, each parameter varies separatly, within
a variation range which is not necessarily small.
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the exception of the form of criterion 2, the stability of the results is
good when confronted with variations that cannot be considered marginal.
The robustness ana1ysis bore principally on the indices of importance (8
sets), the discrimination thresholds (criteria 2 and 6) and the veto
threshold (criteria 2, 3 and 6) (cf. Roy and Bouyssou (1983, appendix 9).

The totality of these results may be represented, in very brief and
qualitative form, as two graphs, corresponding respectively to the gé
form and the g% form of criterion 2 (the influence of the other para-
meters being less important). Figure IV.2 shows representative outran-
king graphs.

FIGURE TV.1

MODEL S MODEL U
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The transitivity arcs have been omitted ; two sites not connected by an
arc (not considering the transitivity ones) are incomparable. The graph
given for model U 1is diagrammatic representation of table IV.1.

3. The recommendations

It should be emphasized that the reason the WPPSS requested this stu-
dy was to select which of the 9 sites were most 1ikely to be chosen by
the administration for the construction of the power-station. The WPPSS
was interested in two sorts of information :
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- the sites which could be totally eliminated at this stage of the
decision process, from any further considerations ;

- the sites amongst those remaining that would be the most Tikely
to be considered the best in future, more detailed studies.

The study of the ranking provided by model U shows that 85 and 86
can safely be eliminated from further stages of the study, and that 53
and 52 are in the leading positions with 51 and 54 just behind (cf.
table IV.1 and figure IV.2).

The analysis of the results of model S (cf. figure IV.2 and Roy and
Bouyssou (1983, appendix 10)) shows that there is a remarkable stability
at the botton of the ranking, with 55, 86 and Sl. Site 33 is in the
leading place, whatever form of criterion 2 is chosen. 82, 88 and S4
are just behing, whereas S, and 59 are to be found in a zone of ins-

7
tability in the middle.

Like the authors of model U, we would have recommended 53, if the
WPPSS had required that only one site be chosen. On the other hand, there
is a major divergence between the two models concerning the position of
Sp and, to a certain extent, Sg (we will come back to this point in
§ V.3).

Underlining the fact that the case has not been studies here for its
.sake, we will now try to give partial answers to the three questions men-

tioned in § I.3.

V - CONCLUSIONS

1. The origin and the treatment of the data

In model U, the procedures used to assess the different parameters
involved in the definition of the global utility function (partial uti-



lity functions ui(s), coefficients ki) follow logically from the set of
axioms underlying the analysis. These axioms imply that lottery compari-
sons can always be used to carry out this estimation.

This position is unassailable on the formal level, but the number of
questions raised - and their complexity - imply that the decision-maker
(or his representative - cf. § IV.2) is obliged to collaborate closely
with the analyst. The legitimacy of these techniquues is inseparable
from the hypothesis that a complete system of preference pre-exists in
a form which is implicit but which is nevertheless in line with the axioms
in the decision-maker's mind (1). It must also be assumed that the re-
plies given by this decision-maker or his representatives are in fact go-
verned by such an implicit system, and that this system is not Tikely to
be fundamentally altered during the dialogue with the analyst. The ur-
gency of the decision problem to be solved and the analyst's experience
then create the necessary conditions for the disclosure of these attitu-
des which are represented in terms of a utility function. When certain
opinions brought up are in contradiction with the axioms defining the co-
herence, it is assumed that the normative character of the axioms (comple-
teness, transitivity, independence) is sufficiently obvious for the deci-
sion-maker to adapt his views of them (cf. Morgenstern (1979)). In such
a perspective - unlike that prevailing in most of the other social scien-
ces - the axioms of the formal model are also behavioural axioms - and,
when necessary, normative axioms. This attitude underlies most of the
studies based on model U. It explains why analysts place such great
confidence in the data they gather and why they wirtually never fundamen-
tally question them when the sensitivity analysis is carried out.

The same is true when evaluating the consequences of the actions. The
probability distributions provided by the experts are thus rarely questio-
ned, even when they are clearly imprecise and/or arbitrary (cf. criteria 2

(1) In actual studies, the decision-maker is supposed to be able to ex-
press a set of fundamental attitudes compatible with the axioms .
Comparing complex actions is then equivalent to an extrapolation of
those attitudes, whose validity is guaranteed by the set of axioms.



and 6 of the power-station study). One again, "marginal" sensitivity ana-
lyses are carried out that imply generally a high level of stability in
the ranking obtained.

Model S has no axiomatic basis, and consequently it is often diffi-
cult to interpret certain parameters used in it (veto thresholds, indices
of importance). Only considerations based on common sense allow the de-
cision-maker and the analyst to give them a numerical value. This explains
why the results produced by model S are significant only when the analyst
has carried out a major robustness analysis, systematically exploring the
numerical values of the parameters compatible with the qualitative "data"
he started with. This procedure should not be considered as merely a pal-
Tiative for the lack of axiomatic foundations and the lack of sophistica-
ted techniques for assessing the parameters, but constitutes instead one
of the original features of the approach, which consists of trying to de- -
sign a preference system and not of trying to represent an existing sys-
tem in the most accurate way possible.

The difference observed between the two approaches in the way they ob-
tain the data are in fact connected with a much deeper division : the one ]
between a model drawing validity from a "descriptive" aim of representing a ugg

pre-existing relation and a model whose validity is based on a "construc-
tive" aim of designing an acceptable preference relation in collaboration
with the decision-maker. Sophisticated assessment procedures only draw
meaning with relation to a given reality, which must be adhered to as
closely as possible.

In order to be in a position to apply utility theory, it must also be
assumed that all the imprecise, uncertain or arbitrary elements in the
evaluation of actions on the various consequences can be taken into ac-
count by means of probability distributions. Such a hypothesis is neces-
sary for the expected value of this distribution on a utility scale to be
regarded as a true-criterion.



In those cases where the principal aim is to help the decision-maker
cope with a risk, a probability distribution can afford a satisfactory
modelling of the evaluation of an action. When analysing the losses of
salmonids in a river (criterion 2), one might try above all to study the
risk of these species totally disapearing from it. If a well-established
probability distribution is available for describing the phenomenon, ex-
pected utility may appear an adequate criterion.

In contrast, even if, a priori, it is possible to use probabilistic
tools to model the cost of a power-station (the definition of which is
not free from ambiguity - cf. § II.5) by closery modelling each of those
of its elements (rate of inflation, cost of construction material and
fission material, etc.) that might influence the cost of the project,
this information is probably not very useful to the decision-maker. What
is important is not to know a probability distribution on cost with a
possibly misleading precision, but to be able to say whether one action
can be considered as significantly cheaper (or more expensive) than ano-
ther. In this situation, arguing in terms of dispersion thresholds would
seem necessary, as in all cases, where one is dealing more with concep-
tual looseness and imprecision than with a really random phenomenon.
Model S does not assume any a priori restrictions on the nature of the
imprecision and uncertainty affecting the evaluation of actions, and seeks
to translate these phenomena as a pseudo-criterion.

However, these approaches are not exclusive, and indeed one can ima-
gine using model S with a criterion based on an expected utility sur-
rounded by thresholds. Model S substitutes pseudo-criteria for true-
criteria, and this is as much the result of a refusal to restrict "non-
determinism" to randomness as the result of the role played by the idea
of criterion in designing the preference relation. This model is inten-
ded to "construct" rather than "describe", and therefore starts from a
criterion that allows one to compare two actions - other things being
equal - unlike model U, where the fact of referring to a pre-existing
reality (theoretically) obliges one to test hypotheses of independence
associated with the preference structure before being able to talk of
a criterion (cf. § I1I.1).



Because of this, the pseudo-criteria base the comparison of actions
in model S, whereas the true-criteria of model U represent it.

The use of a pseudo-criterion follows on from the caution, and even
the skepticism, with which the analyst using model S regards his metho-
dology. He cannot use existing preferences as fixed points, and can only
deduce that there is a convincing preference when the often approximative
tools he 1is using leave him in no doubt - hence the use of a "buffer-zone"
embodied in the discrimination thresholds. As for model U, it supposes
that a preference relations pre-exists, and that the information gathered
using the function ui(xi) is sufficiently reliable to allow it to be
"extrapolated" to more complex lotteries in exact fashion (for example,
in the case of the cost, the function u6(x6) is assessed from even-chance
Totteries whereas the calculations are carried out using normal laws).

2. Robustness and fragility of the approaches

The distinction between a "constructive" attitude and a "descriptive"
one illustrates the relative advantages and disadvantages of models U
and S. If the decision-maker is clearly identified and possesses a suf-
ficiently precise and stable preference structure, one can certainly adopt
a purely descriptive attitude. Nevertheless, we consider that in most
real decision-aid problems, an attitude of a constructive nature is ine-
vitable.

Every decision forms part of the social structure of the organisation,
which is often complex and conflictual, meaning that often the only single
decision-maker one can talk about is a fictional entity (see Walliser
(1979) and Roy (1979-1982), chapter 2)). It is then difficult to assume
a collective group of decision processes a pre-existing and coherent pre-

ference.

In fact, the designers of model U did not assess the various para-
meters included in the global utility function by questioning the deci-



sion-maker(s) of the WPPSS (cf. § IV.2), but by using judgements provided
by the study team itself. This practice is frequent in studies based on
model U, and can cause reasonable doubt as to the reliability of the as-
sessment procedures of the utility function : it implies that sensitivi-
ty analyses of the same scope as for model S may be necessary.

Once one has accepted the advantages - and even the necessity - of a
constructive approach, one can understand better the implications of an
axiomatic.basis for decision-aid models. For many people, the attraction
of an axiomatic basis is the legitimacy it apparently confers to their
work. But this legitimacy is valid only for the "theory", and not for
the "model" which is an "interpretation" and a putting into practice of
the "theory". Model U 1is based on a formal theory for representing an
existing preference system. It is hard to imagine what a design theory
of a preference system could be - a theory that would underly model S.

[f the axiomatic basis legitimises the theory, it does not follow that

it does the same for the model. The legitimacy of the model must be sought
in the effectiveness with which it enables the actors to arrive at convic-
tions (possibly upsetting preconceptions) and to communicate with other
people. A decision-aid model must not be merely a formal theory, but

must form the basis for an interaction with reality and for an action on

reality.

Finally, Tet us point out that model U can conceivably be used in
a constructive perspective. This is in fact what is really done in most
studies. However, model U should be considered in this case indepen-
dently of its axiomatic basis : one should study the reliability of the
assessment procedures of the partial utility functions and of the cons-
tants ki as tools designed to construct and/or enrich the decision-
maker's preference relation between the actions.

Many of the misunderstandings in comparing models S and U seem
to stem from the fact that model U 1is designed in terms of a construc-
tive attitude but only draws a particular legitimacy from its axiomatic
basis if it derives from a descriptive attitude.
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We do not believe that normative conclusions can be drawn from this
study concerning models S and U as potential tools for decision-aid.
Each model has advantages in certain domains - the usefulness of both
has already been pointed out in numerous studies.

It should.also be recognised that the choice of sort of model very
often depends on "cultural" factors and "decision-making customs" which
cannot be analysed in a formal way.

More generally, our study shows that the problem of the validation
and the legitimacy of decision-aid models requires a major re-thinking.
The concept of "predictive power" cannot apparently act as the basis for
validity tests in this domain - unlike the situation in many other dis-
ciplines.

3. Agreement amongts recommendations

In § IV.3, we observed that, if there was a certain agreemént in the
recommendations on site S3, there were also differences : the positio-
ning of site Sl’ in particular, was controversial. Model U ranked
S1 as amongts the best sites studied, while model S recommenced that it
be dropped from later stages of the study. In the same way, site 58
is considered as a "good" site in model S, but appears in the middle
of the ranking in model U.

These disagreements in the two models reflect the contrasts in the
qualitative principles underlying them, especially concerning the relia-
bility of the differences between the evaluations on the different cri-
teria and the more or less compensatory nature of their aggregation.

Site 51 (cf. Roy and Bouyssou (1983), appendices 3 and 5) is evaluated
very highly on most of the criteria (93, 945 95> 96), but receives the
worst possible evaluation on health and security (gl) and salmonid

loss (92)' Model S, being partially compensatory, ranks such a profile
near the botton whereas model U (perfectly compensatory) places the
site among the best, because of its very good scores on many criteria.
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Inversely, site 58 may be interpreted an an average "compromise"
site (cf. Roy and Bouyssou (1983), appendices 3 and 5), and is well-pla-
ced in model S ; but in model U, it appears lower down, behing other
sites where good performances on certain criteria compensate very bad
ones on others.

In addition, conclusions of too great a generality should not be drawn
from the good agreement of the recommendations on site Sg3- An intuitive
examination of the evaluations of this action seems to be a good site in
terms of the information available. It is therefore "normal" for 53 to
be in the first place in both methods. A good part of the agreement ob-
tained is thus peculiar to the problem studied (in another problem, a site
of type S1 could have appeared at the top in model U).

Given such a fundamental opposition.in the qualitative principles un-
derlying the two models, it is not all surprising that they culminate in
dissimilar recommendations

In our view, these inevitable disagreements do not imply that decision-
aid is useless but simply that a single problem may have several valid res-
ponses. Given that two different decision-aid models cannot be implemented
in the same decision process, the decision-maker must be conscious of the
qualitative choices implied by the different models - often conveying the
analysts' ovm ethical choices - before coming to personal conclusions on
the choice to be made. In this domain, the many different approaches re-
flect in our view the complexity of the researcher's task much more than
a scientific weakness.
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