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Abstract In this paper we address the problem of aggregating outranking situ-
ations in the presence of multiple preference criteria of ordinal significance. The
concept of ordinal concordance of the global outranking relation is defined and
an operational test for its presence is developed. Finally, we propose a new kind
of robustness analysis for global outranking relations taken into account classical
dominance, ordinal and classical majority concordance in a same ordinal valued
logical framework.

1 Introduction

Commonly the problem of aggregating preference situations along multiple points
of view is solved with the help of cardinal weights translating the significance the
decision maker gives each criteria (Roy and Bouyssou, 1993). However, determin-
ing the exact numerical values of these cardinal weights remains one of the most
obvious practical difficulty in applying multiple criteria aid for decision (Roy and
Mousseau, 1996).

To address precisely this problem, we generalize in a first section the classical
concordance principle, as implemented in the Electre methods (Roy, 1985), to the
context where merely ordinal information concerning these significance of crite-
ria is available. Basic data and notation is introduced and the classical cardinal
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concordance principle is reviewed. The ordinal concordance principle is formally
introduced and illustrated on a simple car selection problem.

In a second section, we address theoretical foundations and justification of the
definition of ordinal concordance. By the way, an operational test for assessing
the presence or not of the ordinal concordance situation is developed. The core
approach involves the construction of a distributional dominance test similar in its
design to the stochastic dominance approach.

In a last section we finally address the robustness problem of multricriteria
decision aid recommendations in the context of the choice problematics. Classi-
cal dominance, i.e. unanimous concordance, ordinal as well as cardinal majority
concordance are considered altogether in a common logical framework in order to
achieve robust optimal choice recommendation. We rely in this approach on previ-
ous work on good choices from ordinal valued outranking relations (see Bisdorff
and Roubens 2003).

2 The ordinal concordance principle

We start with setting up the necessary notation and definitions. We follow more or
less the notation used in the French multicriteria decision aid community.

2.1 Basic data and notation

As starting point, we require a set A of potential decision actions. To assess binary
outranking situations between these actions we consider a coherent family F' =
{q1,-..,gn} of n preference criteria (Roy and Bouyssou, 1993, Chapter 2).

The performance tableau gives us for each couple of decisions actions a, b € A
their corresponding performance vectors g(a) = (g1(a), ..., gn(a)) and g(b) =
(gl (b)v ) gn(b))

A first illustration, shown in Table 1, concerns a simple car selection problem
taken from Vincke (1992, pp. 61-62). We consider here aset A = {m1,...,m7}
of potential car models which are evaluated on four criteria: Price, Comfort, Speed
and Design. In this supposedly coherent family of criteria, the Price criterion

Table 1. Car selection problem: performance tableau

Cars q pj ™ ma ms my ms me my  significance
1: Price 10 50 -300 -270 -250 -210 -200 -180 -150 5/15
2: Comfort 0 1 3 3 2 2 2 1 1 4/15
3: Speed 0 1 3 2 3 3 2 3 2 3/15
4: Design 0 1 3 3 3 2 3 2 2 3/15

Source:Vincke, Ph. 1992, pp. 61-62
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works in the negative direction of the numerical amounts. The evaluations on the
qualitative criteria such as Comfort, Speed and Design are numerically coded as
follows: 3 means excellent or superior, 2 means average or ordinary, 1 means
weak.

In general, we may observe on each criterion g; € F an indifference threshold
g; > 0 and a strict preference threshold p; > ¢; (see Roy and Bouyssou, 1993,
pp. 55-59). We suppose for instance that the decision-maker admits on the Price
criterion an indifference threshold of 10 and a preference threshold of 50 units.

To simplify the exposition, we consider in the sequel that all criteria support the
decision maker’s preferences along a positive direction. Let A;(a,b) = g;(a) —
g;(b) denote the difference between the performances of the decision actions a
and b on criterion g;. For each criterion g; € F, we denote “a S; b” the semiotic
restriction of assertion “a outranks b” to the individual criterion g;.

Definition 1. Va, b, € A, the level of credibility »(a S; b) of assertion “a S; b is
defined as:

1 if Aj(a,b) Z —q;
r(aS;b) = { BESUAD if —p; < Aj(a,b) < —q; (1)
0 if Aj(a,b) < —pj.

The level of credibility (a S; b) associated with the truthfulness of the negation of
the assertion *“a S; b” is defined as follows:

r(aS;b) =1—r(aS;b). 2

Following these definitions, we find in Table 1 that model mg clearly outranks
model m2 on the Price criterion (A;(mg, m2) = 90 and r(mg S1me) = 1) as
well as on the Speed criterion (As(mg, m2) = 1 and r(me Sz mz) = 1).

Inversely, model m4 clearly outranks model mg on the Comfort criterion as
well as on the Design criterion. Indeed A (mg, mg) = 2 and r(mq Se mg) = 1 as
well as A4(m2, ’I’I’Lﬁ) =1and T(mg S4 ’I’I’Lﬁ) =1.

A given performance tableau, if constructed as required by the corresponding
decision aid methodology (see Roy 1985), is warrant for the truthfulness of the
“local”, i.e. the individual criterion based preferences of the decision maker. To
assess however global preference statements integrating all available criteria, we
need to aggregate these local warrants by considering the relative significance the
decision-maker attributes to each individual criterion with respect to his global
preference system.

2.2 The classical concordance principle

In the Electre based methods, this issue is addressed by evaluating if, yes or no,
a more or less significant majority of criteria effectively concord on supporting a
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given global outranking assertion (see Roy and Bouyssou 1993 and Bisdorff 2002).
This classical majority concordance principle for assessing aggregated preferences
from multiple criteria was originally introduced by Roy (1968).

Definition 2. Let w = (w1, ..., wy, ) be a set of significance weights corresponding
to the n criteria such that: 0 < w; < 1and >7_ w; = 1. Fora,b € A, let
a S, b denote the assertion that “a globally outranks b with respect to signifi-
cance weights w. We denote r(a S,, b) the credibility of assertion a S,, b.

n

r(aSyb) = Z (wj - r(aS;b)). (3)

j=1

We consider that the assertion “a S,, b is rather true than false, as soon as the
weighted sum of criterial significance in favour of the global outranking situation
obtains a strict majority, i.e. is greater than 50%, i.e. r(a S,, b) > 0.5.

In our example, let us suppose that the decision-maker admits the significance
weights shown in Table 1. The Price criterion is the most significant with a weight
of 5/15. Then comes the Comfort criterion with 4/15 and finally, both the Speed
and the Design criteria have similar weights 3/15. By assuming that the underlying
family of criteria is indeed coherent, we may thus state that the assertion “model
mg Sy, ™" With aggregated significance of 53.3% is rather true than false.

The majority concordance approach obviously requires a precise numerical
knowledge of the significance of the criteria, a situation which appears to be diffi-
cult to achieve in practical applications of multicriteria decision aid.

Substantial efforts have been concentrated on developing analysis and methods
for assessing these cardinal significance weights (see Roy and Mousseau 1992;
1996). Following this discussion, Dias and Climaco (2002) propose to cope with
imprecise significance weights by delimiting sets of potential significance weights
and enrich the proposed decision recommendations with a tolerance in order to
achieve robust recommendations.

In this paper we shall not contribute directly to this issue but rely on the fact
that the necessarily underlying ordinal weighting of the significance of the criteria
are generally easy to assess and more robust in a practical application.

2.3 Ordinal concordance principle

Let us assume that instead of a given cardinal weight vector w we observe on F’
a complete pre-order I7 on the family of criteria ' which represents the signifi-
cance rank each criterion takes in the evaluation of the concordance of the global
outranking relation S to be constructed on A.

In our previous car selection example, we may notice for instance that the
proposed significance weights model the following ranking I7: Price > Comfort
> { Speed, Design}.
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A precise set w of numerical weights may now be compatible or not with such
a given significance ranking of the criteria.

Definition 3. w is a IT-compatible set of weights if and only if:

w; = w; for all couples (g;, g;) of criteria which are of the same significance
with respect to I7;

w; > w; for all couples (g;, g;) of criteria such that criterion g, is certainly
more significant than criterion g; in the sense of /1.

We denote W (IT) the set of all I7-compatible weight vectors w.

Definition 4. For a,b € A, let (aSb) denote the fact that “a globally outranks b”
in the sense of the ordinal concordance principle.

(aSb) <« r(aSwb) > 0.5, Vwe W(I). @)

We say that a globally outranks b in the sense of the ordinal concordance principle
if a outranks b with a significant majority for every I7-compatible weight vector.

2.4 Theoretical justification

In other words, the aSb situation is given if for all I7-compatible weight vectors
w, the aggregated significance of the assertion a S,, b outranks the aggregated sig-
nificance of the negation a S,, b of the same assertion.

Proposition 1.
(aSh) <= r(aSyb) > r(aSyb); Yw e W(II). (5)

Proof. Implication 5 results immediately from the observation that:

ij (aS;b) > Zw]wr(ﬁjb) & ij (aS;b) > 1

gji€F gi€F g;€F

[\

Indeed, Vg; € F we observe that (a S; b) + r(a S; b) = 1. This fact implies that:

ij- (aS;b) ij (aS;b) 1.

g;i€F gjEF

Coming back to our previous car selection problem, we shall later on verify
that model myg effectively outranks all other 6 car models following the ordinal
concordance principle, With any I7-compatible set of cardinal weights, model mg
will always outrank all other car models with a ’significant’ majority of criteria.

We still need now a constructive approach for computing such ordinal concor-
dance results.
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3 Testing for ordinal concordance

In this section, we elaborate general conditions that must be fulfilled in order to
be sure that there exists an ordinal concordance in favour of the global outranking
situation. By the way we formulate an operational procedure for constructing a
relation S on A from a given performance tableau.

3.1 Positive and negative significance

The following condition is identical to the condition of the ordinal concordance
principle (see Definition 4).

Proposition 2. Va,b € A and Vw € W (II):
r(aSwb) > 1(aSyb) < 1(aSywb) —r(aSyd) > r(aSyb) —r(aSyb). (6)

Proof. The equivalence between the right hand side of Equivalence 6 and the right
hand side of Implication 5 is obtained with simple algebraic manipulations.

The inequality in the right hand side of Equivalence 6 gives us the operational key
for implementing a test for ordinal concordance of an outranking situation. The
same weights w; and —w;, denoting the “confirming”, respectively the “negating”,
significance of each criterion, appear on each side of the inequality.

Furthermore, the sum of the coefficients 7(a S; b) and r(a S; b) on each side of
the inequality is a constant equal to n, i.e. the number of criteria in F'. Therefore
these coefficients may appear as some kind of credibility distribution on the set of
positive and negative significance weights.

3.2 Significance distributions

Suppose that the given pre-order I7 of significance of the criteria contains & equiv-
alence classes which we are going to denote 1.1, ..., II(ax) in increasing se-
quence. The same equivalence classes, but in in reversed order, appearing on the
“negating” significance side, are denoted 11y, ..., [11).

Definition 5. For each equivalence class 1 ;), we denote w;) the cumulated negat-
ing, respectively confirming, significance of all equi-significant criteria gathered
in this equivalence class:

i=1.,kiwe = > —wy; o i=k+1,..,2k:wg = Y w. (7)
95 €115y 95 €115y

We denote c(;) for i = 1, ..., k the sum of all coefficients r(a S, b) such that g; €
II;y and ¢, for i = k 4+ 1,..., 2k the sum of all coefficients (a S; b) such that
gj € I;. Similarly, we denote ¢(;y for i = 1, ...,k the sum of all coefficients
r(aS; b) suchthat g; € I1(;y and ¢ fori = k41, ..., 2k the sum of all coefficients
r(aS; b) suchthat g; € I ;).
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With the help of this notation, we may rewrite Equivalence 6 as follows:
Proposition 3. Va,b € Aand w € W(II):

2% 2%
r(aSyb) >r(aSybd) < Zc(i) Swey > Zﬁl) W5 - (8)
i=1 i=1

Coefficients c(;) and ¢(;y represent two distributions, one the negation of the other,
on an ordinal scale determined by the increasing significance w;, of the equiva-
lence classes in I1;.

3.3 Ordinal distributional dominance

We may thus test the right hand side inequality of Equivalence 6 with the classi-
cal stochastic dominance principle originally introduced in the context of efficient
portfolio selection (see Hadar and Russel 1969 or Hanoch and Levy 1969).

We denote C(;), respectively C';), the increasing cumulative sums of coeffi-
cients c(1), ¢(2), - C(iy, respectively ¢y, ¢y, ..., C(5)-

Lemma 1.

2k 2k Ci~ i

Do e > YT e, Yw € H(w) {me 1,..,2k: Ciy < Cipy
=1 =1 LA : (%) (i)

©)

Proof. Demonstration of this lemma (see for instance Fishburn 1974) goes by
rewriting the right hand inequality of Equivalence 8 with the help of the repar-
tition functions C ;) and C';,. It readily appears than that the term by term differ-
ence of the cumulative sums is conveniently oriented by the right hand conditions
of Equivalence 9.

This concludes the proof of our main result.

Theorem 1. Va, b € A, let C(;) represent the increasing cumulative sums of cred-
ibilities associated with a given significance ordering of the criteria:

~ N<Ciy,t=1,..,2k;
o < (C0SCai=l..2k (10)
Jiel, .. 2k: C(i) < C(i).

We observe an ordinal concordant outranking situation between two decision ac-
tions a and b as soon as the repartition of credibility on the significance ordering
of action a dominates the same of action b.

The preceding result gives us the operational key for testing for the presence
of an ordinal concordance situation. Let Ls = {f, u,t}, where f means false, u
means logically undetermined and f means true. For each pair of decision actions
evaluated in the performance tableau, we may compute such a logical denotation
representing truthfulness or falseness of the presence of ordinal concordance in
favour of a given outranking situation.
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Table 2. Assessing the assertion “m 4 S ms”

II;y  -Price  -Comfort  -Speed, Design  Speed,Design ~ Comfort  Price

) 0 0 1 1 1 1

G 1 1 1 1 0 0
()

Cay 0 0 1 2 3 4

Cay 1 2 3 4 4 4

Table 3. The ordinal concordance of the pairwise outranking

m1 - t u u u u u
mo t - t f u f u
ms3 u t - u u u U
myq t t t - t t u
ms t t t t - t U
me t t t t t - t
mry u t U t t t -

Definition 6. Va,b € A, let C;)(a,b) and C;)(a,b) denote the corresponding
cumulative sums of increasing sums of credibilities associated with the the relation
(a'Sb). We define on the latter situation an ordinal credibility index r,(a S b) in L3
as follows:

Ciy(a,b) < Cy(a,b),i=1,...,2k and

diel,.. 2k: C(Z—)(a,b) < C(i)(a,b);

ro(aSbh) = . ] Cuy(a,b) > Cy(a,b),i=1,...,2k and (11)
Jiel,..,2k: Cy(a,b) > Cpy(a,b);

u  otherwise.

Coming back to our simple example, we may now apply this test to car models
my and mg for instance. In Table 2 we have represented the six increasing equi-
significance classes we may observe. From Table 1 we may compute the credibil-
ities c(;) (respectively ¢(;)) associated with the assertion that model m4 outranks
(respectively does not outrank) ms as well as the corresponding cumulative distri-
butions C(;y and C(;) as shown in Table 2.

Applying our test, we may notice that indeed r,(m4 Sms) = t, i.e. it is true
that the assertion “model m4 outranks model m5” will be supported by a more
or less significant majority of criteria for all I7-compatible sets of significance
weights.

For information, we may reproduce the in Table 3, the complete ordinal out-
ranking relation on F'. It is worthwhile noticing that, faithful with the general con-
cordance principle, the outranking situations a S b appearing with value ¢ are war-
ranted to be true. Similarly, the situations showing credibility f, are warranted to
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Table 4. The cardinal majority concordance of the outranking of the car models

r(xSwy) m1 m2 m3 M4 Mms M M7

mi - .83 .67 .67 .67 .67 .67
ma .80 - 72 4T 67 4T .67
m3 13 .73 - 75 .67 .67 .67
my .53 .83 .80 - .80 .63 .67
ms b3 .73 .80 .80 - 7267
me 2373 r3 73 .73 - .83
my 33 .83 .33 .83 .83 .60 -

be false. The other situations, appearing with credibility « are to be considered
undetermined (see Bisdorff 2000).

As previously mentioned, model mg gives the unique dominant kernel, i.e. a
stable and dominant subset, of the {¢, u, f }-valued S relation. Therefore this deci-
sion action represents a robust good choice decision candidate in the sense that it
appears to be a rather true than false good choice with all possible I7-compatible
sets of significance weights (see Bisdorff and Roubens 2003). Indeed, if we apply
the given cardinal significance weights, we obtain in this particular numerical set-
ting that model my is not only among the potential good choices but also, and this
might not necessarily always be the case, the most significant one (73%).

Let us now address the robustness issue.

4 Analysing the robustness of global outrankings

Let us suppose that the decision maker has indeed given a precise set w of sig-
nificance weights. The classical majority concordance will thus deliver a mean
weighted outranking relation S, on A.

In our car selection problem the result is shown in Table 4. We may notice
here that for instance r(m4 S, m5) = 80%. But we know also from our previuos
investigation that (m4Sms) = t. This outranking relation is thus confirmed with
any IT-compatible weight set w.

Going a step further we could imagine a dream model that is the cheapest, the
most comfortable, very fast and superior designed model m,,,. It is not difficult to
see that this model will indeed dominate all the set A with 7(my,p, S2) = 100%,
i.e. with unanimous concordance. It will naturally also outrank all other models in
the sense of the ordinal concordance.

4.1 Unanimous concordance
Definition 7. Va,b € A we say that “a outranks b in the sense of the unanimous

concordance principle”, denoted a D b, if the significance of the local outranking
on each criterion is true, or more generally rather true than false.
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We capture once more the potential truthfulness of this dominance assertion with
the help of a credibility index r, taking again its values in Lz = {f, u, t}.

t if Vg€ F: r(aS;b) >
Va,be A: r,(aDb) = fif Vg, € F:r(aS;b) < i; (12)
u  otherwise.

In our example, neither of the seven models imposes itself on the level of the
unanimous concordance principle and the relation D remains uniformly undeter-
mined on A.

We are now going to integrate all three outranking relations, i.e. the unanimous,
the ordinal and the majority concordance in a common logical framework.

4.2 Integrating unanimous, ordinal and classical majority
concordance

To do so, we define the following (increasing from falsity to truth) sequence of
logical values: f,, means unanimous concordantly false, f, means ordinal con-
cordantly false, f,,, means majority concordantly false, « means undetermined,
t,, means majority concordantly true, ¢, means ordinal concordantly true and ¢,,
means unanimous concordantly true.

On the basis of a given performance tableau, we may thus evaluate the global
outranking relation S on A as follows:

Definition 8. Let Ly = { fu, fo, fm, U, tm, to, tu}. Va,b € A, we define an ordinal
credibility index r,(a Sb) € L~ as follows:

t, 1if r(aDb)=

to if (r(aDb) # ) A (r(aSh) = 1)

tm if (r(aSb) #t) A (r(aSwb) > 3)
Va,b€ A: ro(aSb) = < f, if r(aDb)=f (13)
fo it (r(aDb)# ) A(r(aSh) = f)

fm i (r(aSH) # f) A (r(aSyb) < 3)

u  otherwise.

On the seven car models, we obtain for instance the results shown in Table 5.
If we apply our methodology for constructing good choices from such an ordi-
nal valued outranking relation we obtain a single ordinal concordant good choice:
model mg, and four classical majority concordance based good choices: m1, ms,
my and ms. The first good choice remains an admissible good choice with any
possible I7-compatible set of significance weights, whereas the others are more
or less dependent on the precise numerical weights given. Similarly, we discover
two potentially bad choices: m- at the level ¢, and ms at the level ¢,,. The first
represents therefore a bad choice on the ordinal concordance level.
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Table 5. Robustness of the outranking on the car models

ro(xSy) m1 m2 m3 m4 ms Mg My

mi - to tm tm tm tm tm
ma2 to - to fo tm fo tm
m3 tm to - tm tm tm tm
mq to to to - to to tm
ms tm to to to - to tm
me to to to to to - to
mr fm to fm to to to -

Table 6. Criteria for selecting a parcel sorting installation

criterion  title significance
weight
g1 quality of the working place 3/39
g2 quality of operating environment 2/39
g3 operating costs 5/39
ga throughput 3/39
gs ease of operation 3/39
ge quality of maintenance 5/39
g7 ease of installation 2/39
gs number of sorting bins 2/39
Jo investment costs 5/39
g10 bar-code addressing 1/39
g11 service quality 5/39
g12 development stage 3/39

Source: Roy & Bouyssou 1993, p. 527

4.3 Practical application

In order to illustrate the practical application of the ordinal concordance principle
let us reconsider the problem of choosing a postal parcels sorting machine thor-
oughly discussed in Roy and Bouyssou (1993, pp 501-541).

We observe a set A = {aq,...,a9} of 9 potential installations evaluated on
the coherent family F' = {g1,. .., g12} of 12 criteria shown in Table 6. The pro-
vided significance weights (see last column) determines the following significance
ordering: Wy < W2 =Wy = wg < W1 = Wqg = W5 = W2 < W3 = Wg =
wg = wiy1. Thus we observe on the proposed family of criteria 4 positive equiv-
alence classes: 115y = {g10}, II(6) = {92, 97,98}, II(7y = {91, 94,95, 912}, and
g = {93, 96, 99,911} and 4 mirrored negative equivalence classes: Iy =
{93, 96,99, 911}, (2 = {91, 94, 95, 912}, 1L (3) = {92, 97,98}, [l (ay = {910}

A previous decision aid analysis has eventually produced the performance
tableau shown in Table 7. The evaluations on each criterion, except g9 (costs of in-
vestment in millions of French francs), are normalized such that 0 < g;(a;) < 100.
If we consider for instance the installations a; and a5, we may deduce from Table 7
the local outranking credibility coefficients r(a1 S; as) shown in Table 8. There is
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Table 7. Performance tableau

gjlai) qj a1 az a3 n as ag ar ag ag
g1 5 75 81 7 73 76 75 73 77 96
g2 5 69 60 60 57 46 63 63 31 69
g3 5 68 82 62 82 55 68 68 41 41
g4 5 70 70 50 90 90 90 70 50 70
gs 5 82 66 66 75 48 98 98 59 49
g6 10 72 52 60 61 46 63 86 79 60
g7 8 86 86 86 93 93 78 78 71 57
gs 0 74 60 60 60 60 61 61 60 60
go 1 -15.23 -1570 -15.00 -1555 -36.68 -22.90 -19.58 -1547 -13.99
g10 10 83 83 83 83 83 100 100 67 83
gi1 5 76 76 82 71 50 68 74 76 50
gi12 10 29 71 71 29 14 57 57 86 86

Source: Roy & Bouyssou 1993, p. 527

Table 8. credibility of outranking situations a1 S; as

gj 12 3 4 5 6 7 8 9 10 11 12

r@Sjas) 1 1 1 0 1 1 1 1 1 1 1
r@@S;as) 0 0 0 1 0 0 0 0 0 0 0

Table 9. cumulative significance distribution of outranking a; S as

i My ey gy e e e ey e
C(i) (a1,as) 0 1 1 1 2 5 8 12
Cilat,as) 4 7 10 11 11 12 12 12

no unanimous concordance in favour of a; S as. Indeed we observe on criterion g4
(throughput) a significant negative difference in performance. We may neverthe-
less observe an ordinal concordance situation a1 S a; as distribution Cy (a1,as)
is entirely situated to the right of distribution C ;) (a1, as) (see Table 9).

On the complete set of pairwise outrankings of potential installations, we ob-
serve the logical denotation shown in Table 10. We may notice the presence of one
unanimous concordance situation qualifying the outranking of a4 over as.

Computing from this ordinally valued global outranking relation all ordinally
concordant good choices, i.e. minimal dominant sets in the sense of the ordinal
concordance, we obtain that installations a1, a2, a3 and a4 each one give a ro-
bust good choice, whereas the installations a5 and ag give each one a robust bad
choice. This result precisely confirms and even formally validates the robustness
discussion reported in Roy and Bouyssou (1993, p. 538).

If we apply in particular the given numerical significance weights (see Ta-
ble 6), we furthermore obtain that a; gives among the four potential good choices
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Table 10. Robustness degress of outranking situations

ro(a; Saj) a1 a2 as a4 as ag ar ag  ag
ai - to to to to to to to to
a2 to - to to to to to to to
as to to - to to to to to to
aq to to to - tu to to to to
as fo fo fo fo - fo fo fm to
ae tm fm tm to to - tm tm to
ar to to tm to to to - to to
as tm to to to to to to - to
as fm to to to to fm fm to -

the most credible (67%) one whereas among the admissible bad choices it is in-
stallation a5 which gives the most credible (67%) worst one.

5 Conclusion

In this paper we have presented a formal approach for assessing binary outranking
situations on the basis of a performance tableau involving criteria of solely ordinal
significance. The concept of ordinal concordance has been introduced and a formal
testing procedure based on distributional dominance is developped. Thus we solve
a major practical problem concerning the precise numerical knowledge of the indi-
vidual significance weights that is required by the classical majority concordance
principle as implemented for instance in the Electre methods. Applicability of the
concordance based aggregation of preference is extended to the case where only
ordinal significance of the criteria is available. Furthermore, even if precise nu-
merical significance is available, we provide a robustness analysis of the observed
preferences by integrating unanimous, ordinal and majority based concordance in
a same logical framework.
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