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Abstract: An interactive DSS for consensus reaching is presented. Experts provide their
testimonies as fuzzy preference relations. The consensus reaching process is supervised by a
moderator ("super - expert”). A degree of consensus, based on the concept of a fuzzy majority
given as a fuzzy linguistic quantifier is employed. Algorithms of cluster analysis are used to
find groups of experts having similar preference relations.
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1. INTRODUCTION

Decision making in real world often proceeds in a multiperson setting, and group DM tools
may be helpful. A complicated character of group DM, and its related consensus formation
(e.g., different actors with diverse and conflicting value systems) suggests that a computerized
support, in the form of a decision support system (DSS), may be of use. And, indeed, DSS’s
for group DM are widely advocated, developed, and employed {DeSanctis and Gallupe, 1985;
Gray, 1987; Huber, 1984).

In this paper we present briefly such a DSS. Its roots are, first, an implemented DSS for
consensus reaching which constitutes a "shell” of the present system (Fedrizzi, Kacprzyk and
Zadrozny, 1989), second, Kacprzyk’s (1987), and Kacprzyk and Fedrizzi’s (1986, 1988, 1989)
works on new degrees of consensus based on a fuzzy majority, and, third, Owsidski’s (1990), and
Owsinski and Zadrozny’s (1988, 1990) works on the aggregation and clustering of preference
relations.

Basically, we have n individuals (experts, decision makers, . .. ) who present their testimonies
concerning a set of options S-= {s1,...,8,} as individual fuzzy preference relations (FPR’s),
and a "super - expert”, called a moderator who is responsible for running a consensus reaching
session. The individual FPR’s may initially differ to a large extent (the group is far from
consensus), and the moderator - via an exchange of information, rational argument, bargaining,
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etc. - tries to persuade the individuals to ¢t ge their FPR’s. If the individuals are ratic
committed to consensus, such a change usually occurs, and they get closer to consensus.

is repeated until the group gets sufficiently close to consensus, i.e. until the lividual FPR’s
become sufficiently similar, or unti! we reach some time limit.

In many practical cases the traditional meaning of consensus as a full and unanimous agree-
ment is not adequate, and a new "soft” concept of consensus due to Kacprzyk (1987), :
Kacprzyk and Fedrizzi (1986, 1988, 1989) is useful. Its idea is that the consensus should be
meant to a degree (€ [0,1])as, e.g., the degree to which "most of the important (competent)
individuals agree in their preferences as to almost all of the relevant options”; notice that
Juzzy majorities (most and almest all) and degrees of importance and relevance are used. The
moderator has therefore an effective means for measuring the degree of consensus in a group
(which is not trivial in cases with a realistic number of individuals and options).. However, to
more efficiently run the session, he or she may need tools for finding groups of individuals who
are sufficiently close in their preferences; it may often be more effective and efficient to work
then (in the sense of trying to attain closer preference relations) within such a group. Cluster
analytic methods due to Owsinski (1990), and Owsitiski and Zadrozny (1988, 1990) may be
very helpful here. Finally, the session should be supported by an interactive, user-friendly DSS
for which some "shell” is available (Fedrizzi, Kacprzyk and Zadrozny, 1989). This work is a
synergetic combination of these ideas and approaches.

2. FUZZY LOGIC WITH LINGUISTIC QUANTIFIERS

A fuzzy majority is defined as a fuzzy linguistic quantifier (most, almost all, ...}. Zadeh’s
{1983) fuzzy-logic-based calculus of linguistically quantified propositions is then employed.

A linguistically quantified proposition is generally written "Qy’s are F™, e.g. “most (Q)
experts (y's) are convinced (F)”. Importance B may be added yielding Q@ By’s are F”, e.g.,
"most ({) of the important (B) experts (y’s) are convinced (F)”.

Truth(Qy's are F) or truth(@By's are F') is then sought; truth(y; is F), Vy; € Y={w1,... 9}
In Zadeh’s (1983) calculus, first, property F is a fuzzy set in ¥, a linguistic quantifier Q is a
fuzzy set in [0, 1] as, e.g., '

1 forx > 0.8
Prmostr(Z) =4 22—-0.6 for0.3 <z <08 (1)
0 forz < 0.3
Then
B 12
truth(Qy’s are F) = pg( L Count(F)/TCount(Y)) = #o(; Y ur(w) (2)
=1

where A = minimum (generally, a t-norm), and 3 Count(F) = %, ur(y;) is a (zonfuzzy,

cardinality of fuzzy set F, and
truth(@By’s are F) = pg(LCount(B and F)/¥ Count(B)) =
» P
w3 (ma(vi) A rr(vi))/ S se(v) (3)

=1 i=1

]



4 FUZZY-MAJORITY-BASED DEGREE OF CONSENSUS

> new degree o; consensus proposed by Kacprzyk (1987) and : anced by Fedrizzi and
“" przyk (1988) and Kacprzyk and Fedrizzi (1986, 1988, 1989) is meant to overcome some
jidness” of conventional degrees of consensus in which (full) consensus (= 1} occurs only
when ”all the individuals agree as to all the issues” which may often be counter-intuitive and
iecessarily strict. The new degree can be equal to 1, which stands for full consensus, when,
say, "most (of the important) individuals agree as to almost all (of the relevant) issues”.
We start with individual fuzzy preference relations. If S = {s;,...,s,} is a set of options and
= {1,...,m} is a set of individuals, then an individual fuzzy preference relation of individual
k, Ry is given by its membership function pp, : § x S — [0, 1] such that

1 if 5, is definitely preferred over s;
¢ €(0.5,1) if s; is slightly preferred over s;
PR (8i,9) =4 0.5 if there is indifference 4)
d €(0,0.5) 1if s; is slightly preferred over s;
0 if s; is definitely preferred over s;

If card$ is small enough, Ry may be represented by a matrix [rf] = [ug,(s;, 5;)].

The degree of consensus is derived in three steps: (1) for each pair of individuals we derive
a degree of agreement as to their preferences between all the pair of options, (2) we aggregate
these degrees to obtain a degree of agreement of each pair of individuals as to their preferences

tween ()1 (e.g., most, almost all,...) pairs of relevant options, and (3) we pool these degrees

to obtain a degree of agreement of @2 (e.g., most, almost all, ... ) important pairs of individuals
as to their preferences between Q1 pairs of relevant options. This is meant to be the degree of
consensus sought, called the degree of Q1/Q2/B/1- consensus.

We start with the degree of strict agreement between individuals k1 and &2 as to their
preferences between s; and s;

if PRl = k2
1 ifry =rf

0 otherwise

vis(k1, k2) = { (5)
We assume that the relevance of a pair of options, bg , and importance of a pair of individuals,
bl &2, is the mean values of the respective individual relevances (importances), i.e. b2 =
(ue(8i) + pa(s;))/2, and similarly b, ,,.
Then, consecutively:

n-1 n n-1 n
va(k1,k2) = 3 3 (uii(k1,k2) ABE)/ Y. 3 bE (6)
=1 y=i+1 1=l j=itl
vque(kL, k2) = pgi(va(kl, k2)) (7
m-1 m m—1 m
vq1,BI1 = Z Z (vg(kl,k2)/\b£l'k2)/ Z Z bil,kl (8)
ki=1 k2=k1+1 ikl k2=K1+41
conp(Q1,Q2) = pgo(vaup,1) (9)

which is meant to be the degree of Q1/Q2/B/I-consensus, i.e. the degree of agreement of Q1
pairs of important individuals as to their preferences between Q2 pairs of relevant options.



One can also introduce a degree of defeat into (5) and obtain other degrees of consensus (cf.
Kacprzyk, 1987; Kacprzyk and Fedrizzi, 1986, 1988, 1989).

4. STRUCTURING THE SET OF INDIVIDUAL FPR’s VIA CLUSTER ANALYSIS

The former section provided the moderator with a tool for measuring the degree of consensus
{closeness of the individual FPR’s). It turns out, however, that of much value to the moderator
is to know which groups of individuals are close (or distant) in their F PR’s, that is to find the
structure of the set of individuals with respect to the similarity of their FPR’s.

We use here Owsinski's (1990) (cf. also Owsirski and Zadrozny, 1988, 1990) cluster analytic
method with the maximization of an objective function, i.e.

C(P,r) =rCp(PYy+(1 —r)Cs(P) — max (10)

where P is the partition of the set of FPR’s into the sets A,, Cp{P) is a measure of dissimi-
larity (distances) between the A, s in the whole partition P, Cg(P) is a measure of similarity
(closeness) of relations belonging to the A’ s for the whole P, and r is a parameter (weight).

The solution of (10) is difficult, and under some mild assumptions {¢f. Owsinski, 1990), a
suboptimal solution may be obtained by the following iterative algorithm:

Step 1 Set ¢t = 1 and P! = . i.e. assume all the individual ¥ PR’s considered as separate
clusters:

Step 2 Find a pair of clusters A, and Ag.- such that

[6Cs(P",q.9)/16Cs(P*, 0,4} + 6Cp(P',q,¢')] — max (11)
where: §C¢(P',q,q") and §Cp(P*, q,q'} are the increments of the measures Cs( P, ¢.q")
and ?D(P‘,q,i') while aggregating the clusters A; and A, belonging to P, respectively:
notice that in Cp and (5 in (11) we have explicitly indicated the pair of clusters A;. and
Age- belonging to the partition obtained in iteration ¢, P

Step 3 If no increase in the value of the right - hand side of {11) occurs, then STOP and
accept the current partition P* as the (sub}optimal solution. Otherwise, combine (by the
set-theoretic union) the pair of clusters Ag+ and Ay found in Step 2, and obtain P**!;
set { « { + 1, and proceed to Step 2.

The method sketched above determines some clusters of = “ivid =~ whose individual FPR's
are close enough. The moderator obtains therefore an important piece of information as it is
usually more effective and efficient to "work” within the individuals belonging to the clusters
determined.

5. AN INTERACTIVE DSS FOR CONSENSUS REACHING

Neow we will briefly present the DSS developed. and sketch an example of a session concerning
the choice of an investment option.

From the software point of view, the sysiem may be described in terms of its basic modules.
The Data Elicitation Module elicits in a simple. user-friendly way fron  1e moderator and
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6. CONCLUDING REMARKS

A DSS for consensus reaching has been presented. It uses individual FPR’s,: zzy majority
expressed by a fuzzy linguistic quantifier, a concept of a "soft” degree of consensus, and a
clustering approach to find groups of individuals whose F PR’s are similar. This all enhances
the system’s capabilities, and contributes to its effectiveness and efficiency in supporting the
consensus reaching process.
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