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ABSTRACT, An originel procedure for group decision suppori is proposed, Three siages are
considered. A preliminary stage inkes care of struciuring the group decision prablem in a
multicriterin form, An individual evaluation stage then provides each decision-maker with a
way to express his personal preferences and to analyze the resulting data using the
PROMETHEE multicriterio methodolagy. Finally, a global evaluation stage emphasizes the
best consensies decisions as well as the possille conflicts among the decision-makers. The
PROMETHEE and GAIA methads are extended for this popose. The whole procedure is
designed to ke place in a computerized decision room, under the control af a Jacilitator,

RESUME. Une approche originale d'aide & la décision de gronpe est prapesée, Elle compaorte
trais étapes. Lo premiére éiape (@tape préfiminaire} a pour objeciif de structurer le probléme
de déeisiun de groupe sous forme mudticritére, Une étape d'évaluation individuelle permet
ensuite & chague décidenr d*exprimer ses préférences personnelles et d ‘unalyser ses données
a l'aide de ke méthodvlogie mdticritére PROMETHEE. Eufin, I'éiape d’évaluation globale
met en dvidence lex solutions de meillenr consensus ainsi que les éventuels conflits entre
décidenrs. Pour ce faire, des versions adaptées des méthodes PROMETHEE et GAIA somi
décrites. La procédure proposée est congue de fagon & se dérouler dans une salle de décision
informatisce, sons la divection d'un focilimienr.,

NEVWORDS: multicriteria decision wid, growp decision support system, PROMETHEE

methods,
MOTS-CLES ¢ ticle @ T décision multicritére, systéme daide a ln décision de groupe, méthndes
PROMETHEE.
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1. Introduction

Most decision problems involve several responsible decision-makers. They can
for inslance represent different departments of a firm, or different countries in an
internationnl organizalion, or simply different partners involved in o projeet. Each
decision-maker usually has his or her own specilic objectives. Although these
individual objectives are often strongly conflicting, a cunsensual decision must be
reached. This is not an easy prablem.

Since the beginning of the eighties several GDSS (Group Decision Support
Systems) were developed to assist deciston-makers in such a comtext. For an
overview of the corresponding methodelogies, see for example [1Z 92], IBEL 96].
While many current GDSS focus on ideas structuring, alternative generation and
voling procedures, relatively few are using multicrileria decision nid fur group
decision support. In this paper we propose such an original multicriteria group
decision methodology based on the PROMETHEE and GAIA methods. The
procedure is designed 1o take place in a computer-equipped GDSS room and 1o be
conducted by n facilitator.

In a preliminary stage the facilitator helps the decision-makers to generale i
stable set of allernatives and a set of evaluation criteria. ‘Open-discussion’ phases
alternate with pure ‘compuler’ ones.

A first individual evaluation stage then lakes place. Each decision-maker
investipates the alternatives through his own ohjectives. PROMETIIEE provides him
wilh rankings of the alternatives and GAIA with a graphical representation of the
decision problem. Extensive sensitivily analyses are possible,

In the second, global, evaluation stage, the points of view of all the decision-
makers are compared. A global consensus solution is proposed by PROMETHEE
while GAIA is used 1o identify the potentinl conflicls helween decision-makers. A
sensitivity analysis based on the weighling of the decision-makers is then possible.
Additional suggestions and feedback can be proposed for resolving the conllicts.

_ The complete procedure is deseribed in 11 steps. It is, however, {lexible and
alternative approaches can be considered by the facililator according o the
characteristics of each actual decision problem.

A comprehensive application, using the GDSS-PROMETHEE soltware, is
described to illusteate this procedure.
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2. The GDSS-PROMETHEE room

The decision-makers are mecting logether with the [acilitator in the GDSS-
PROMETHIEE decision room. The role of the facilitator is to conduct Lhe meeting
according to the GDSS-PROMETHEE procedure, lo moderate direct discussions
hetween decision-makers and o assist the group in order to obtain good consensuval

decisions as elficiently as possible.

The GNSS-PROMETHEE room is a classical GDSS room where the GDSS3-
PROMETHEE software has been installed. I contains R decision-makers slations.
Ench station is designed for a single decision-maker possibly accompanied by one or
wo nssistants. All the stations are equipped with a personal computer and possibly
with Tax nnd telephone connecliuns to allow lhe decision-makers to keep in touch
with their opermtinnal base or to obtain additionnl data (see Figure 1),

All the individual stations are connected Lo the computer of the facilitalor through
a local nrea netwark, Overhead projectors, a 1.CD projector and while boards are
also available to the facilitator in order lo displuy information 1o the whole group. A
printer can be used lo provide quickly the minutes of the meeting. The whole
installation can be cither fixed or portable, using notebook computers.

Figure 1. GUDSS-PROMETHEE room
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The human aspects of group decision making cannot be replaced by 0 completely
computerized procedure. Eye-contact, for instance, can be decisive in some
situations. Rather than simple replacements for (radittonal group dJecisinon meetings,
GDSS's must therefore e considered as complements, providing the group decision
process with additional information and enhanced elficiency. For this reason, the
GDSS-PROMETHEE methodology alternates both ‘computer’ phoses and ‘open-
discussion” phases. This is possible not only in a GDSS room but also when
decision-makers are located in dilferent places. A Java-based version of the GDSS-
PROMETHEE program has been developed for this purpose. Il can he used on
Internct or on an Intranel network. In this case ‘open-discussion’ phases would be

held (hrough videocon[erence sessions.

3. Preliminary stage-structuring the decision prohlem

The preliminary Stage is a phase of knowledpe acquisition amnd problem
structuring, Its purpose is to build an evaluation table, as displayed in Figure 3, that
includes a set of potential alternalive decisions and a set of criteria through which
they will be evaluated.

A Tacilitator has first 10 be appointed. For a comprehensive list of the qualilics
(hat are required from & facilitator, sce, for instance, {VEN 96, p.145]. On one hand,
{he focilitator has to be familiar with the GDSS-PROMETHEE methodology and the
underlying multicriteria decision aid methods, and on the ather hond he needs to
have a rensonable knowledge of the actual group decision probiem and its conlext
(company oOr organization structure,...). The facilitator plays n crucinl role. He is
responsible for conducting the discussions and progressively structuring the decision
problem. At this stage, the procedure is extremely Mexible. Individual opinisns can
be expressed (reely, feedback is possible at any lime, additional sleps can he

considered, and some other deleted.
The following steps can be considered potentially.

Step 1. First contact Jfacilitator — Decision-Makers. 1L is recommended (o hold ot
least one prefiminary meeting in order 1o ensure contact between the facilitator, the
decision-makers and, passibly, between some experts involved in the decision
process. This can take place out of the GDSS-PROMETHEE room. According 1o the
characteristics of the decision problem, the facilitator can meet the decision-makers
and the experls either together or individuatly. Ench decision-maker is encouraged 10
express his own opinions in order 1o progressively enrich the maturity of the
fmoilitator with respect 1o the decision process.

Step 2. Problem desciption. The decision-makers meet in Ihe GDSS-
PROMETHEE room. The facilitalor comments the available infrastructure and gives
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an overall deseription ol the problem according lo the information he has collected

during Step 1.

Step 3. Alternative generation. This is a 'compuler’ phase during which the
decision-makers wark separately. All the decision-makers are invited 1o formulale
possible alternatives using their compuler stations. For this purpose they use o
specific entry [urm as shown in Figure 2.

‘ Alternative | I

]

Figure 2. Aliernative generation form

Alter giving a name lo his proposal, the decision-maker fills in the feft-hand side
column as complete 8s with a possible description of the alternative. Ench decision-
maker may introduce onc or more proposals. The nature of the niternatives depends
of course on the nature of the decision problem. One can imagine:

- EQuipment,

- Markeling Strategics,

- R&D Projects,

- Produclion Schemes,

- Lung Term Sirntegies,

- Macroeconomic Policies, elc.

A limited period of time will be ailocated for this step. The procedure is more
efficient than a traditional ‘npen-discussion' because all the decision-makers are
working at the same limme, ench can concentrate an and express freely his own
proposals. Nobody is disturbed by objections, olher proposals and various
commenls. An important pumber of alternatives can be generated and described in i

fimited period of time.

Step 4. Stable sel nf alternatives. When the lime allocated for the allernnlive
generalion is over, all the proposals are automatically collected by the (acilitator on
his own computer and ean pe displayed one by one to the audience. The process can
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take ploce either anonymously or not. In many situations, the decision-mnkers can
prefer to remain anonymous, in order for instance lo avoid direct conflicts wilh
collengues. This step is an ‘open-discussion’ phase. No information is entered on the
computers. Enach decision-maker discovers the proposals introduced by his
collengues and listens to the comments. The group ncquires a global view ol the
proposed solutions. The facilitator has to be particularly aclive in order o siimulale
comiments from the decision-makers and to help them lo combine pessible proposals,
lo consider new ones or lo eliminate olhers when they are unanimously considered as
non-realistic. The step ends when a stable set of alternatives is defined. However, the
procedure remains flexible as addilional afternatives can always be considered Iater

on by cycling back to Step 3.

Step 5. Comments on the alternatives. This is again a ‘computer’ phase. All the
alternatives obtained at the cnd of the previous slep are transmilted by the facilitator
to the individual work stalions of the decision-makers. They now have (he
opportunity to enter their comments and objections in the right hand side of the
alternative generotion form. The decision-makers are working in paralicl so that a
targe set of details can be obtained in a limited amount of time, All the commnents are
then collected by the facilitator and forwnrded to ench parlicipant so that nothing

gets lost for possible further use.

Step 6. Evaluaiion eriterin. Alter having collected information on the possible
alternatives, the problem of selecting the hest one(s) has to be faced by the group.
Usually there is no unanimity on the best solutions because the decision-makers have
different preferences. On one hond ench decision-maker is facing individual
conflicts, because of the multicriteria nature of the selection problem, and on e
other hand there are conflicts between {he decision-makers themselves. The GDSS-
PROMETHEE procedure will now lelp the group 10 manage these conllicts.

For this purpose, an ‘open-discussion’ phase now tokes place lo define the
possible evaluation criterin. A simitor procedure can be [ollowed os for the
generation of the alternatives. Common and individual criteria can be considered.
The common criteria are those that are agreed upon by alt the decision-makers. For
instance cost, production and manpower are likely to be cormnon eriterin for
equipment acquisition problems. Individual criteria can be considered by one or
several decision-makers and not necessarily by the whole group. For instance, the
securily manager of a [actory will not consider the same evaluntion crileria a5 the

financial manager.

Al ihe criteria. cbmn_mn ones as well as indlividunl ones, are collecied by the
facilitator and prcsenlcd in nn evatuation taple smuiar w tha wf Tigers 3 (he tun

first rows of the table correspond to preference data required by the PROMETHEE
methods; their exact menning will be explained luter). “This evaluation table is then
yransmitted to alt the decision-makers.
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Those criteria Tor which objective data exist can be evaluated directly by th
[acilitator. The information necessary to evaluate the other criteria has also to b
collected on the basis of the advice of the decision-makers.

Al the decision-makers are thus facing the same evaluntion table including 1
possible alternatives and k evalualion criteria. Ench decision-maker can enter, i
requested, his own evaluations in the table. This step ends the preliminary stage am
the next evaluation stages can slart.

Teel. Tets. Pr{.) P2(...} o Pyt..) s Pel)
Weiph TS wy w2 wj Wi
) ) it f)
a1 fiten) Jater) fitem) frlan)
m FaLLie] fataz) fitaz) ftnz)
ai Filei) Jatod filad Jele}
thi Sitem) Satim} Titera} Silin)

Figure 3. Evaluation table

As mentioned previously, the various steps of the preliminary siage are provider
as guidelines to starl ihe procedure and to reach a good basic structuring of (e
decision problem. If, from the beginning, the problem is sulficiently structured st
that alternatives and criteria are well delined, all these sleps are not needed and 1
evalualion stages can starl immediately. However, (his is not often the case and it
will usually be necessary 10 go (hrough all these steps. ILis even recommented 1o rur
them lwice, or even more, so that all the new ideas coming up in the discussions car
be taken into account Alternatively, for poorly structured problems, a mon
extended discussion and hrainstorming procedure, based on the Delphi-method, car

be used (cf. [KEN 95]).

As with most muliicriteria decision aid methods, Lhe PROMETHEE methot
request numerical evaluations. Qualitative scales (such as: very good, good, average
had, very had) will have lo be transformed into numerical ones (such ns: 5,4,3, 2,1
or a more sensilive scale from 0 te 10 or 0 o 100).

All the cvaluations are expressed in their own units. For instance: USH [or cosls
tons [or production, number of people or manpower... All scole effects an
completely taken into account by the PROMETHEE methods.



290 Decision Support Syslems

4. Individual evaluation stage

nust now he evaluated. The GDSS-PROMETHEE

The proposet alternalives 1
v is performed by ench

procedure includes an individunl evaluation stage whicl
decision-maker separately and & globa! one for the whole_group.

Once the alternatives and the evaluatton criteria have been identified, the
evaluation process can starl. For this purpose the basic PROMETIIEE methodology
is used, Each decision-maker therefore first needs to define additional information:
information between the criteria which will be given by weights of relative
importance and information within the criteria which will be given by preference

functions.

Step 7. Weighis of the criteria
Let DM, (r = 1.2....R) be the R decision makers and

k
whowhwl e T wh=1 14.1]
1" 2 i k i=1

DM . There is no abjection 1o

the weights associated 10 the k criteria by
consider normed weights.

Il decision-maker LM considers (hat some erileria are not relevant Lo him, he
will assess weights equal to zero lo these criteria. This means that these criterin will
not be considered in his personal armlysis. Consequently, although every decision-
maker is facing the same evaluption table, the number of active criteria considered

by each of them can vary.

ccording to the PROMETHEE procedure, 2

Step 8. Preference functions. A
ed to each crilerion for pairwise comparisons.

preference [unction must be associat
Let

Pj(n,b) = Gj[fj(u) —fj(b)] | (4.2]
0< Pyab) <1 [4.31.

be the preference function associnled to criterion fj() , where G is a non

decreasing funetion ol the devintion between [ j(u) and f j(b). irf j() is a

crilerion lo be maximized, we will have:
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rGf[f}(a) -f (b)]:O if fj(a) <f](b) no preference

Gi[./'j.(ﬂ) - f}(b) -0 if f](a) > fj(b) weak preference
[4.4]

Gj[f](ﬂ) - fj(b)}'" 1 fj(a) >> f](h) strong preference

LGf[ff(a) —fj(b)]= if f}(a) >>> fj(b) strict preference

The preference functions allow to translale the devinlions observed on a specific
criterion inta degrees of preference independent of its scale as shown in Figure 4.

Pa /A

—
fita)-ith)

Fipure 4. Preference fiuiction

In order to facilitale the selection of preference functions, six basic types have
been proposed (cf [BRA 82], {BRA B5], [BRA 94]). In each case the preference
function depends maximum on (wo paramelers, with a clenr economical significance

{indiflerence and/ar prelerence hresholds).

In this step, the facilitator helps the decision-makers to sclect the preference
functions. As each decision-maker is facing the same criteria (although the
pssociated weights could be different), the selection of the preference funclions can
\uke piace globally in an ‘open-discussion’ phuse. In this case, all the preflerence
functions will be the same for all decision-makers. There is, however, no objection o
treal this step individually. At the end of this step, each decision-maker disposes on
the evaluation lable as displayed in Figure 3, completed with the preference
[unctions and the weights that he has defined.

Step 9. The individual Promethee-Gaia analysis.
According o the PROMETHEE-GAIA methodology, the following quantilies
can now be computed for cach DA
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Fn:'(a, b) = ; P (a, b)w;

|4 (a)= Z} n’(a, %) )
¢ (a) = Zdn’(x, a)

9" (a) = rl::’(a)— ™" (a)

For each a belonging to the sel A of aliernatives, $* (a) and ()
respectively measure the power and the weakness of a with regard to the other
aliernatives and ¢"(a) is a value function, such that the higher its value, the belter

a. ¢ (@) is called the net flow of alternative a for DM

Ench decision-maker has thus access 10 the three main PROMETHEE-GALA
tools:

- PROMETHEE I partial ranking,

- PROMETHEE II complete ranking,

- GAIA plane.

The PROMETHEE 1 partial ranking allows incomparabilities. This happens
usually when one alternative is goad on a subset of criteria on which another one 1s
weak and vice versn. PROMETHEE I provides o complete ranking of the
alternatives from the best to the worsl ones and the GAIA plane displays graphically
the relative position of the alternntives with regard to the criteria and the conflicts
between the criteria. Additional tools, such as the walking weights and the decision
stick, are also available to the decision-makers (cf. [BRA 941).

Although he set of alternatives and the set of criterin are identical Tor all
decision-makers, the evaluations can be quite different according to the individual
weight distributions. It depends strongly on the actual feelings and specific inlerests

of the decision-makers. Some decision-makers will for insiance pay nore allention
(give more weight) to technological criteria, athers 1o financial ones, and still others

to socio-economical or environmental ones.

Nuring the fret singe. each decision-maker works individually, with the passible

aseietanes of the facilitator, At the ¢l of this stage, everybody has a good persunal
view of the decision problem, Everybody has ideas on how to decide. More

. r . .
precisely, the values of the ¢ () sunumarize the rankings of each decision-maker.
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AL the end af this step, the facilitator can display and comment ane by one the
resulis obtaincd by the different Jecision-makers. It is up to the second stage lo
provide a global evaluation and Lo analyze the conllicts.

5. Group evaluation stage

The purpuse is now o focus on group decision support in arder to take into
account the specific points by view ol the different decision-makers.

Step 10. Global evaluation matrix
Al the end of the individunl evaluation slage, the facilitator collects the data

coming from the R decision-makers. More precisely, he ghtains the following net

flows:

qi'(a‘) i=12mr=12..R (5.1]
'
According (o (3.5) it is easy 1o prove that
i
g‘f’(ai) = %q’l;(u'_)wl , [5.2]
if

¢ (0,)= Z{Pj(a. x)-P(x ﬂ)} (53]

! red

where qﬁ;(ﬂ) is the single criterion net flow ohtained by considering only
1
criterion fj() for DM .

Let us suppose (hat there is an agreement on the weights fixing the relalive power
of each deciston-maker in the group and let

R
w =1 5.4
N T (rzl ) ) [5.4]

be these weights.

The nel Mow [5.2] is reprcsenl:“ive of the preferences of eacli decision-maker,
The higher this net lNow, the better the corresponding alternative for DM .
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Maoreover, lhis nel flow directly defines tie PROMETHEE 11 ranking for ench
DM, . It can {herefore be considered as a criterion summarizing the point of view
of each decision-maker. A new matrix (71 x R) is then ablained, including the
basic alternatives and R eriteria that correspond with the R decision-makers as
displayed in Figure 5.

DM; DM, DM, DMp

INDIVIITUAL
INVESTIGATIONS

INDIVIDUAL

NET FLOWS
CLORAL un 02 oy n
MATRIX

Figure 5. From individual investigations 1o global evaluation mtrix

This is a rather small malrix, which can ensily be analyzed by the PROMETHEE-
GAIA methodology.

Step 11. Global evaluation.

In order to analyze the previously nblained matyix, o preference function should
be assessed to each of these decision-makers criterin. However, it seems not realistic
10 433035 Ulfferont rrefrennoa funclinns 10 these criteria, e, to each decision-mnaker.

Thelr respective individual net flows are somputed on the basis of Inatvidual
prelerences and are thercfore expressed on the same preference scule, As all the
criterion values are expressed in the same units, lhese values can directly be
oreanted. Consequently, it seems quite natural to simply compule the weighted

e ram o | —— i

T
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sum of the individual net [lows, 50 Uhal the global net flow for the whole group, fora
particular alternative, will be defined as:

P (ul) = i " (ai)m , [5.5]

r=1

This ghubnl net Now immediately provides the PROMETHEE 1 ranking of the
allernalives nccording to the giohal preference of the group - see Figure 6. This
special treatment, without preference function, as deseribed nhove, is called the “0-
aption” in the PROMCALC-GAIA software. It allows of course (o obtain not only
(he PROMETHEE 1l complete ranking, but also the PROMETHEE 1 partial one and
the group GAIA plane 08 displayed in Figure 7.

O A A

Figure 6. Global PROMETHEE II ranking

po

T®

Figure 7. Global GAIA plane

The glolal GAIA plane and 1he global PROMETHEE II ranking can casily be
inlerpreted. 1t appears clearly in Figure 7 that DM, and DM, have ralher close
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preferences, ns well as DM, and DM, while DM, seems strongly in conllict
with the other decision-makers. According to the global PROMETHEE decision axis
10, the group is invited to decide in favor of @y and possibly da. Gy and .

Alternative a1, seems parlicularly atractive for DM, while ag and 2y are rather
neutral. The PROMETHEE 1l ranking confirms this.

6. Conflict resolution

Al the end of Step 11, a global evaluation is obtained for the group.
PROMETHEE 11 proposes a besl compromise and he conflicts between Lhe
decision-makers are displayed in the GAIA plane.

If the group is agreeing upon the resulls of the global analysis, the best
compromise can be adopted and the GDSS-PROMETHEE session can be clused.

On the other hand, if for some reasons some decision-makers don'L agree on this
compromise, the conflicts have to be faced. OF course, there is no general rule for the
confiict resolution, it depends on (he nature of each problem. The GDSS-
PROMETHEE procedure remains, however, flexible and we cnn recommend some

behaviors such as:

1. Cycle back to Step 1l and let the facililator investigate ather weight
distributions for the decision-makers using the sensilivily annlysis lools of the
PROMCALC-GAIA software, such as the walking weights and the decision stick. In
case of agreement, 3 new consensus could be reached.

2. Cycle back lo Step 9 and let each decision-maker investigale other individual
weights uvsing the sensilivity analysis tools in order 1o obtain new individual
rankings., New rankings mean new net flows and, consequently, a new global
evaluation matrix and, lnally, new compromises.

3. Cycle back to Slep 6 and modily the set of the evaluation criteria by
reconsidering criteria that are more sensitive to the conllicts.

4. Cycle back to Step 3 and madify the set of the allernatives, possibly by
generating new ones, and more especially, whenever possible, by combining
allernatives in order to reduce the conflicts.

5. Cycle back to Step | and include additional decision-makers. It is well known
that in case of blocked economical negoliations between manngers and trade unions,
an additional government inedialor can help the actors to find a compromise.

7. Alternative global evaluation approach

Let us suppose that the individual PROMETHEE evaluations of the first slage

.

The GDSS PROMETHEE procedure 297

The global evaluation has then to be performed: instead of considering the net
flows oblained by each decision-maker and to merge them in a {rnx R) evaluation
matrix (cl. Figure 5), we can also bring all the eriterin of each decision-maker
together in a arger L7 X k- R) matrix as outlined in Figure 8.

DM DM, DM, DMa

i L

Figure 8. From individual investigations o global evaluation

We are then facing a global multicriteria problem including all the alternatives
and all the criterin as considered by each decision-maker separately. In this case, &
particular crilerion appears R times in the table, possibly with weighls equal (o zero
if some decision-makers consider this criterion as non relevanl to their own analyses.

The PROMETHEE-GAIA methodology can, of course, be direcily applied to this
global problem. The preference functions have already been specilied by the
decision-makers during the first stage and the weight of each criterion is obtained by
multiplying the individual criterion weight by the weight w assigned to lbe
corresponding decision-maker. r

Consequently, the global PROMETIIEE II net flow can be computed as usual.
Taking inlo account [4.1], 15.3) and [5.4], we obtain for one parlicular alternative

a;:
i=12,..n [7.1]
The best compromise for the group is then the alternative having the highest net

[ow l[rn(.) .t additivn, the PROMETHEE I partial ranking, s well as the global
GAIA plane, can be used for sensilivily analysis and decision aid. The advantage of
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this approach is that alt the information coming from the diflerent decision-
makers is explicitly taken into account. Nothing gets lost by preliminary aggregation.

Unfortunately, the size of the problen is obviously quite larger, which is of
course o major disadvantage. It is not easy to get a clear view ol the problem,

especially in the GAIA plane, which now includes k- R eriteria,

However, this approach can be useful, at least for the lwo fulluwing prints:

\. First, it is ensy to show that:

(D“(af)=¢:6(a‘) i=12,..n 17.2)

holds.

Indeed, according to [5.5] we have
; R
s — r
¢ (ai) =20 (ﬂf)(ﬂr ’
r=t
where (Il’(cli) is the individual net Mow of DM as defined in [5.2)
Moreover, ns:
x
r — r
P (af) = ‘Z:."bf (“;)- W,

we ablain:
(I)G(ai) = iirbj'(ai). weo = 0 (a ).

This result is obtained only if no preference function is assigned to the decision-
makers in Step 11, ie. il the "0-option” is considered. 1t is due lo the additive
aggregalion character of the _PRDMETI—]EE methodulogy resulting [rom {4.5).

Consequently, the PROMETHEE 1l ranking ubtaincd in Step Lt ond the one
obtained by the alternative global evaluation nppmncll are 1entieal. The approach of
Step |1 seems, however, more altractive, because it provides a direct conflict
analysis between the decision-makers in (he GAIA plane, as shown in Figure 7.

Lo
—
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2. The PROMCALC software nilows (o temporarily remove some criteria from
the annlysis. 1t is then possibie to consider one particular criterion as it is viewed by
lhe different decision-makers. A (71 x R) mawrix including R replications of the
smme eriterion is obtained. Tt provides a conflict analysis between all the decision-
makers on thal particular eriterion. All the criterin can be treated in such a way, ong
at time, and the associated GATA planes can be displayed so that the group clearly
sees on which criteria there is a consensus and on which the decision makers diverge.

This aspecl is discussed in [MAR 94].

8. Example

To illustrate the above concepts and sleps, we will now consider & simplified
example. Let us imagine thal an alditional electricity power plant has to be built
somewhere in the Eurapean Union. The problem faced by the European Union is to
identify the hest passible location, Although this example is artificial, the European
Union is facing similar problems in many arcas. In the transporlation sector, for
exnmple, they face the problem of choosing the hest location for intermodal
terminals (cf. EMOLITE, Evaluation Model for the Optima! Location of Inlermodal
Terminals in Europe, a project funded by the Eurvpean Commission under the
transport trd programme of the 4™ framework programme [MOR 971}

Preliminary siage

The countries, members of lhe Union, have firsl been invited 1o introduce several
proposals. Six possible focations have been proposed:

A ITALY ay: SWEDEN
a;; BELGIUM as: AUSTRIA
a; : GERMANY a; FRANCE

A comprehensive description of each proposal has been made available by the
proponents. Four decision-makers have been appointed o take part in the selection
process. Each of them represents a specific economic interest:

DM, : (EP) Energy production

DM, : (ENV) Environmenl

DM, : (FIN) Finance

DM, : (I'U) Trode Unions

The decision-makers gnther in a GDSS-PROMETHEE room in order Lo reach o
final decision. A PROMETHEE-tmined [acilitator, familiar with the problem, has

been appointed.
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Steps 1 to 4: The facilitator displays the six possible locations and  their
descriptions. An ‘open-discussion’ phose takes place. Comments on ench site are

made.

Step 5: The decision-makers are invited 1o enter their comments using their
computers, Finally, the description/comments forms ore obtained for each site, as for
example for ltaly and France (Figures 9 and 10).

Italy
Description Comments

Type : Solar power plant Discontinuous production
Location : Alps, North of ltaly Tourislic area

Power generated : 500 MW B villages 1o evacuate
Manpower : 80 engineers
Conslruction cost : 1000 MECU

Figure 9. Description/conuments Jor Iraly

France
Description Comments
Type : Nuclear power plant Nuclenr risk
Location : Rhone valley Induslrial area

Power genernted : 960 MW Already three plants in area

Manpower : 94 engincers
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objective data. This is not compulsory; each decision-maker may possibly have his

own evaluations.

[of C; Cy C, |G| G G| Cs Gy Cin Cn
MP | POW | CC MT | VIL| DAN |SEC| CO soc | 1T | FIN

linly 80 sg0 [ tooo | 52 | B 05 9 0 2 oo | 4200
Belginm 55 580 | 250 3 I 4 3 5 8 175 | %00
Germany | 83 ahp | 450 a8 4 35 7 65 6 125 | 850
Sweden 40 450 | 1oo0 | 7.5 1 0 10 ] 10 450 | 900
Anstrin 52 8RO | 900 3 3} 45 2 10 5 150 § 730
France 94 960 | 950 | 36 | 3 35 1 4 10 k] 250 | 2000

Figure 1. Evaluation tahle
First stage: indivinal evalnation

Step 7: The decision-makers are inviled 1o assign individual weights expressing
the relative importance of each criterion. Each decision-maker is no necessarily
interested in the 11 criteria. A weight equal (o zero will be assigned to the criteria
considered as non-relevant. In addition, ench decision-maker has the freedom lo
maximize or lo minimize each criterion.

The individual choices are Lhe following:

Construction cost : 950 MECU

Figure 10, Description/comments Jor France

Step 6: An ‘open-discussion’ phuse lokes place on the evalualion eriterin, The 11
following criteria are progressively formulated:

Cy MP Munpower (number of engineers)
C; POW Powerin MW

Cs cC Construction Cost

Cy MT Annual Maintenance Cost

Cs VIL Vilinges to evacuate

Ca DAN Danger for environment

Cy SEC Security level

Cy co CO emission

Ce 50C Sgcial impacts

i e Teannnnart Facilities 1n the plant
C" FIN Financial Retum

A consensus is reached on ohjective data for these criterin and the [ollowing
evaluation table is ubtained. In this case all the decision-makers agree on hese

G| G G Cy s Cs Cq Cs Co | Cw {Cn
MPEPOW | CC wMT | VIL | DAN | SEC | CO soc | 1PT | FIN
DM, | MIN | MAX MIN | MIN | MIN MAX
EP 1 2 { 1 ! 0 1 0 0 0 0
DMy MIN | MIN | MAX | MIN
ENV 0 0 0 0 1 1 1 1 4] 0 0
DMy | MIN MIN | MIN MA
FIN 1 0 1 I 0 0 0 0 0 0 X
3
DMy | MAX MAX MAX | MIN
TU 1 0 0 0 0 0 1 it} 1 1 0

Figure 12, Min/Max Options and weights

Tl weights given here are no narmed (this is aceomplished automatically by the
soltware). 1t is obvious that ench decision-maker is-nol interested in all the criteria.
We notice that the selected criteria are completely in ngreement with the concerns of
the decision-makers. We also nolice that DM, (EF) wants fo minimize manpower
(MP) in order to reduce the cosls, while DM, {TU) wants Lo maximize it Tor creating
ae moreh johs as possibie. This represents of course an exlreme situealion, but it
illusirates how opposite points of view can generale strong conficts between the

decision-makers.

t
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Step 8: According 1o the PROMETHEE methodology (cf. [BRA 85]) preference
functions have to be assigned Lo the eriteria. The facilitator plays here a major role to
help the decision-makers. Finally the foliowing choices have been made.

Criterion | nome Type Py i1, § —values
C, MP 2 q=10 for DM, and DM,
(o8 MP 3 p=10 for DM,
G rOow 3 p=300

Cy cc 5 q=50, p=30¢
Cy MT 4 g=1, p=6

Cs VIL 1 -

Cs DAN 3 =3

C; SEC 6 5=5

Gy ca 3 p=3

Co socC 2 =2

Cun TPT 3 p=100

Cy FIN 1 -

Figure 13, Preference functions for each criterion

Step 9: According 10 the additional information evllecled as mentiopned above,
each decision-maker now has the opportunity to complete Lis own individual
PROMETHEE-GAIA analysis. The PROMETHEE 11 rankings obtained by each
decision-maker are given in Figure 14. The individual GAIA planes can also be
anafyzed. All these individual resulls will be displayed and commented by the

facilitator 1o the group.

AUSTRIA . RELGIUM GERMANY| _ |[FRANCE SWEDEN ! ITALY
DM : T'hi =0.28 Phi =0.23 Phi =0.06 Phi =0.02 Phi=-0.19 Fhi =440

EP

SWEDEN [FALY |, BELGIUM AUSTRIA - GERMANY| _|FRANCE
DM3: Phi =0.31 Phi =0.16 Phi=0.15 Phi=-0.15 15Phi =0.22 | |'hi =-0.25

TNV

ITALY BELGIUM | [FRANCE | [SWEDEN | | [GERMANY| IAUSTRIA
DMs:  [phi=03 Phi =0.24 Pi=0.10 [TlPhi=-0.01 [T|Phi=-021 [ |Thi=042

FIN

GERMANY BELGIUM F' FRANCE "~ AUSTRIA ITALY | SWEDEN
THVL.: L —n 17 hi =0 NR Phi =-0.01 Ihi =-0.09 Phi=-0.15 Phi =4).20

T

Figure 14, PROMETHEE I rankings of each decisionmaker

The GDSS PROMETHEE procedure 303

The best choice is obviously not the same for each decision-maker. DM, (EP}:
AUSTRIA, DM,(ENV}: SWEDEN, DM;(FIN): ITALY, DM4(TU): GERMANY.

Second stage: global evaluation

Step [0: The PROMETHEE IT net flows obtained by each decision-maker can
now be collected by the lacililator who brings them together in the global evaluation
matrix as displayed in Figure 15. Each column is representative of the

decision-maket's point a view.

DM, : EP DMy : ENV DM;: FIN DMy TU
ITALY -0.40 0.21 0.28 .16
BELGIUM 0.23 0.10 0.28 0.09
GERMANY 0.06 -0 19 -0.25 0.38
SWEDEN -0.19 037 -0.05 -0.20
AUSTRIA 0.2R8 -0.21 -0.42 -0.11
FRANCE 0.02 -0.29 0.17 -0.01

Figure 15. Global evaluaiion table

Step 11: The global PROMETHEE-GAIA analysis can now take place.
According 1o the “0-option”, no preference function is assigned to the decision
maker's criteria and the weighted sum of the net Mlows is computed. In this case, all
the decision-makers are supposed to have equal weights.

‘Iie PROMETHEE 11 ranking is then obtained. Although BELGIUM is never the
best chuice for any of the decision-makers separately, it appears os the bes choice
for the group, Sce Figure 16.

BELGIUM GERMANY ITALY SWEDEN FRANCE AUSTRIA
Phi=0.21 F*Phi=np0  [PPhi=-0.02  Phi=-002 Phi=-0.04 [P|Phi=-0.13

Figure 16. Global PROMETHEE ! ranking

'The global GAIA plane confirms this impression {Figure 17). The PROMETHEE
decision axis n is clearly oriented towards BELGIUM (A;). On the other hand, the
conllicts between the decision-makers are very well displnyed. DM, {EP} and DM,
{TU) are strongly in conflict with DM; (ENV). For these decision-makers,
BELGIUM seems to be a good compromise, while BELGIUM seems 4 rather good
choice lor DM, (TFIN).
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Figure 17. Global GAIA plane

In addition, a PROMETHEE VI sensitivity analysis revenls that the consensus that
has been reached is rather robust with respect to the weights assigned to the decision-
makers. The polygon in Figure I8 shows the Jocation of the tip of the decision axis
when the weights are modified within a +/- 507 interval. As shown, even with such
50% margin on the weights, {he PROMETHEE decision nxis 7 still remains orlented
towards BELGIUM. The selection of BELGIUM thus seems to be quite rohust with
respect to the weights of the decision-makers and (he problem of reaching n consensus
is therefore ensy to solve in this particular application IBRA 95b].
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As a {urther development of this sclection problem, one could imagine thal the
E.U. considers building nol only one, hut several power plants. In this case, the
problem is not 1o select one besl compromise, bul a best subset of alternatives. In
such a case, additional constrainls should usually be laken into account, such ns the
total manpower engaged, or the total energy requirements, or various clustering
constraints... The PROMETHEE V madule available on the PROMCALC soflware
can be used for this purpose (¢l |[BRA 92]). Suppose for instance thal the E.U. wanls
10 create at least 150 jobs and Lo produce in addition at least 2000 MW more in three
power plants. These constraints are translated in o (0-1) linear prograim taking into
aceount (he global PROMETHEE 11 ranking oblained at the end of the second slage.
The hest subset is then ohtained as follows:

(BELGIUM, GERMANY, FRANCE).

9, Conclusions

The GDSS PROMETHEE procedure is o powerlul multicrileria tool o help a2
group of decision-makers Lo achicve a consensus.

The preliminary stage is particularly useful lo generale allernatives and criterin.
*Open- discussion’ phases allernale wilh *computer’ phases so (hat no idens gel losl.
The individual evaluation stage enables each decision-maker to investigate his own
ohjeclives and to pel a better understanding of the problem. The global cvaluation
singe nllows lo obtain 2 'best consensus’ solution for the group and to display Lhe
possible conflicls between (he decision-makers. Some feedback, depending an the
complexity of the problem, is suggested in order lo solve the conflicls. Also the
sensilivily analysis tools of PROMETHEE and GAIA are particularly useful: weight
distribution of the decision-makers, weight distribution of the criteria, decision stick,
additional nlternatives, additional criteria, additional decision-makers.

The role of the [acilitator in a GDSS-PROMETHEE room is crucial, On one
hand, the facililator must be familiar with the PROMETHEE methodology, and on
the other hand, he needs a good knowledge of the problem. The length of n GDSS-
PROMETIIEE session is extremely varinhle. It will take at least hall a day, and up Lo
one or iwo weeks, depending on the imporiance and the complexity of the problem.
The more the Tacilitator has prepared the session, (he easier and the more efficient il

will be.

The GDSS-PROMETHEE seftware is n clienl/server sysltem jmplemented in
JAVA For the use on Internet or an an [ntrincl network. Each participant is able,
through his personal workstation, to interaet with the facilitator and the olher
participants, The system is developed jointly by the VUB/ULB universities and by
EDS (Glectronic Data Sysiem) in Brussels. It can he implemented anywhere.
Mareover, it is foreseen to install a GDSS-PROMETHEE room at the VUB for

further research and for practical applications.
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