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Abstract

We define two negotiation protocols for
Group Decision Making, which main feature
is the existence of acceptation thresholds.
In order to predict which consensus are ex-
pected to arise, we study the equilibria of
these protocols in the sense of Game The-
ory. We also investigate their sensitivity to
manipulation by the actors.
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1 Introduction

By Group Decision Making (GDM in short) we mean
a set of decision makers (DM) that have jointly to sin-
gle out one option among several from the preferences
of each DM. These preferences are assumed to be rep-
resented by a cardinal utility function.

A first class of approaches to previous problem con-
sists in defining an automatic procedure, also called
mechanism, in which the DMs do not participate di-
rectly. The most well-known ones are derived from
voting rules, using Fuzzy Set Theory [10]. A GDM
problem is indeed similar to voting problems, except
that the preference representation is not cardinal in
these latters [1]. One can also find extensions of some
concepts of Cooperative Game Theory, such as the
Core or the bargaining set, to GDM problems [17].
Whatever the solution that is proposed, there is al-
ways the possibility that a DM complains about the
outcome of the mechanism. This leads to the second
class of approaches where the idea is to let the DMs
discuss together and reach by themselves a consensus.
The GDM community has mainly focuses on defin-
ing measures of soft consensus [11], on understand-
ing the reason why individual preferences differ and
on providing recommendations to the DMs who are

the most distant to the consensual position, of how to
change their preferences to reduce the overall disagree-
ment [16]. Another reason why the preferences of the
individuals can vary over time is the fact that each
agent is influenced by the other ones. From a theo-
retical standpoint, one can assume that such influence
is known and modeled with, for instance De Groot’s
linear model [3] or the soft consensus non linear model
[6]. Consensual dynamics consists then in predicting
what will be the result of such influences.

In the Multi-Agent and Artificial Intelligence commu-
nities, the problem of finding a consensus is seen as a
bargaining problem where the consensus results from
a negotiation protocol [14, 9, 5]. This approach has not
received much attention in the GDM community [4].
The goal of this paper is to study a type of protocol
that tackle the GDM problem.

A consensus protocol is an iterative process that for-
malizes the exchanges that are allowed among the
DMs. At each run of a protocol, one proposal is made
by one DM or a group of DMs, the other DMs vote
on the acceptation or rejection of that offer, and the
process goes on if the offer is rejected.

We consider two protocols in this paper. In these two
protocols, the main feature is the existence of an ac-
ceptance threshold such that any offer more attractive
for a DM than that threshold must be accepted by
him. This threshold decreases over time, compelling
the DMs to accept more and more offers over time.
The only difference between these two protocols is that
individual DMs are actors of the protocol in the first
one whereas coalitions of DMs are actors in the second
protocol.

It is not easy to see whether a protocol is a priori
expected to lead to fair consensual options. Non-
Cooperative Game Theory is a powerful tool to per-
form such prediction under rationality assumptions.
One indeed looks for the equilibria of the protocols. In-
terestingly, the equilibria for the first protocol lead to



the usual maximin solution, whereas the second proto-
col leads to a weak version of the counterpart in GDM
problems of the Nucleolus known in Cooperative Game
Theory [13].

Another important issue often studied for voting rules
is the possibility for the DMs to manipulate the out-
come of the consensus by announcing preferences that
are not their true ones [7, 15, 12]. Our two protocols
are easily manipulable. The origin comes from the
cardinal nature of the preference representation. Two
possible proposals to reduce this sensitivity are made.

The rest of the paper is organized as follows. Section
2 gives some preliminaries. The first protocol is de-
scribed and analyzed in Section 3. The sensitivity of
this protocol to manipulations is discussed in Section
4. Section 5 depicts the second protocol.

2 Description of the problem

Let N be the set of DMs and A the set of options. A
is supposed to be finite. We assume that the prefer-
ences of DM ¢ can be expressed as a utility function
u; such that the larger the better for DM . Without
loss of generality, utilities can be assumed to belong
to the [0, 1] interval. The set of functions from A onto
[0,1] is denoted by U(A). A consensus mechanism is
a function M : U(A)" — A.

It is not easy to predict the behavior of the DMs face
to a negotiation protocol. Subgame Perfect Equilibria
(SPE) [13] give realistic predictions under the assump-
tion that DMs behave rationally and that they have
perfect information on all preferences. The difficulty
comes from the fact that, during the protocol, a DM
cannot readily assess the consequences of his choices
since he does not know the choice of the next DMs
in the protocol. The only case where this is simple is
for the last DM to give a decision. The second last
DM can then assess the consequences of his choices,
assuming that the last DM considers his best choices.
And so on. This backward induction algorithm defines
SPEs [13].

3 Description and analysis of the first
protocol

In a negotiation protocol, a DM may stick to his initial
preferences without taking into account the arguments
of the other players. As a result, the protocol never
converges to an agreement. In the literature, it is often
assumed that options become less and less attractive
over time so that early consensus are encouraged [14].
However, assuming that the utility of DMs for an op-
tion decays with the time is not always valid or may

be complex to represent in practice. Another possibil-
ity is to force DMs to accept proposals for which their
utility is larger than a given threshold. This thresh-
old is large at the beginning of the protocol so that
players have the complete freedom to refuse, and the
threshold decreases with time, enforcing players to ac-
cept more and more potential proposals, and thus to
make more and more concession. This reduction of the
freedom of the DMs is motivated by fairness (it is not
fair that a player accepts a not so good option to him
and that another player rejects an option with a simi-
lar utility) and cooperation (make sure to converge to
an agreement) reasons.

We assume that the order in which DMs are proposers
is defined beforehand. More precisely, DM 73 is the
proposer at iteration k. We introduce the following
protocol.

Protocol P1. At iteration k € IN,:

e Player 7, makes an offer a € A.

e All other players say Yes or No. How-
ever, a player i € N \ {7} must neces-
sarily accept if u;(a) > p;(k).

e If at least one player rejects the offer, we
go to the next iteration. Otherwise, a is
chosen and the protocol ends.

The option that is chosen is called outcome of the pro-
tocol. We introduce the following condition.

Axiom Thresholds (T). Foralli € N, p;(k)
is non-increasing w.r.t. k and reaches value
0 in a finite time T* (i.e. p;(T*) = 0).

Thanks to that axiom, after a given time (that is large
enough), any proposal is necessarily accepted by all
players, so that P1 ends after a finite time.

Lemma 1 Under (T), protocol P1 has at least one
SPE.

Let A*(k) = {a€ A, Yie N wu;(a) > p(k)}. At an
iteration k, any offer in A*(k) is necessarily accepted
as the outcome. By (T)

A1) CA*(2)C - CA (T*) = A.

Lemma 2 Assume that (T) holds. Let K be the
smallest integer such that A*(K) # 0. Assume fur-
thermore that all players are proposer at least once at
or after iteration K. Let K' be the smallest integer
larger than K such that
{TK7TK+1a---aTK’} =N.

Then the resulting outcome of any SPE of protocol P1
belongs to A*(K').



Player 7 that is proposer at iteration K is the first
player that can be sure to get an acceptable offer.
However the options of A*(K) may not be very at-
tractive to him so that he can make an unacceptable
offer and hope that a better option will be proposed
at a further iteration.

The following result shows that we can restrict ourself
to SPEs that ends at iteration K’. The other SPEs
use unnecessary extra iterations.

Corollary 3 Under the assumptions of Lemma 2, for
any SPE of protocol P1, there exists a SPE of protocol
P1 that ends at an iteration in {1,...,K'} and that
leads to the same outcome.

By Corollary 3, it is enough for restrict to iteration
in {K,...,K'}, in the computation of the SPE. We
define the following algorithm.
Algorithm Algo4. Let us define Ry C A on
induction of k € {1,..., K’} as follows.

e Set Rgr ={a € A*(K'),
Ury, (a) = bR Ui (b)}
e For k iterating from K’ — 1 downwards
to 1,
— For any a € A and a* € Ry1, define

Fk(a7 CL*) =

a ifVie A\ {m;} either
uila) > p(k) or ui(a) > ui(a*)

a* otherwise

— Set

Ry = U {Fx(a,a*), a € A and

a*€ERp 1
ury (Fi(a, %)) = mavcur, (Fi(b a*))}

The set of options resulting from that algo-
rithm is Rg.

Algorithm Algo4 has a polynomial complexity. More
precisely, the maximal number of operations that Al-
gorithm Algo4 can perform is of order K’ p? (2n +p).

Proposition 4 Under the assumptions of Lemma 2,
Ry resulting from Algorithm Algo4 is the set of pos-
sible outcomes of the SPEs of protocol P1.

The following axiom assumes that any player is peri-
odically a proposer.

Axiom Periodical Proposers (PP).
There exists T € IN such that for any
k € IN, and any ¢ € N, there exists
je{k,k+1,....k+T} such that 7; = 1.

Let A*=<a € A, minu;(a) = maxmin ul(b)} be the
iEN beA iEN

maximin solution.

We consider now families {p0}s of functions p;
parametrized by a value ¢ € (0, 1) such that

Ve e N, |p(k)—pl(k+1)|<cé (1)

For these functions, one can attain any arbitrarily
small differences between two successive thresholds.
Note that the upper bound for the maximal time of
an end to the protocol depends on 4.

We show that under previous condition, equilibria cor-
respond to the maximin solutions.

Proposition 5 Let {p%}s be families of functions sat-
isfying (1), (PP) and (T) such that pi = --- = p°,
and p$(0) = --- = p® (0) = 1. Then there exists
A € (0,1) such that for any 6 € (0,A), the SPEs of

protocol P1 are elements of A*.

The idea of the proof is that if ¢ is small enough, then
all players will be proposers at least once while p° lies
in-between u(A \ A*) and u(A*). Before those itera-
tions, there is always at least one player that is not
forced to accept a proposal. For those iterations, the
only proposal for which all players are forced to ac-
cept are A*. After those iterations, more options can
be necessarily accepted but such options are disadvan-
tageous for at least one player. This player could have
avoided getting this bad option by just proposing any
element of A* during his turn in previous iterations.

4 Strategy proofness of Protocol P1

The Gibbard-Satterthwaite theorem [7, 15] shows that
there is no democratic voting rule that is not manipu-
lable. A voting rule is manipulable when the outcome
of the vote is better to a DM if he announces prefer-
ences that are not his true ones, compared to when he
reveals his true preferences. This definition of manip-
ulation can be extended to consensus mechanisms.

Definition 6 A consensus mechanism M is subject
to manipulation if

Ji € N, Ju; € U(A) such that

U; (M(’U,;,’U,_z) > u; (M(Ul, e ,un))

In this definition wu; represents the true utility of 4, and
u} is what DM ¢ announces.

If a* is the best option of player i (according to his
true utility u;), and if player ¢ announces the following
utility
_ e ifa##a*
Uz(a) - { 1 7

ifa=a*

(2)



then for € small enough, a* is the outcomes of all SPE
of protocol P2. As a result, protocol P2 is subject
very much to manipulation. An easy manipulation
for a DM consists thus to over-estimate his best op-
tions and under-estimate the other ones. This strategy
does not require to know the private information of the
other DMs.

This drawback may be see as acceptable in the context
of cooperation. However, even if the DMs accept to
cooperate, they may wish to adopt a strategy that will
favor their personal interest. So they may exaggerate
their preferences or change them a little bit.

4.1 Detecting exaggerations

Protocol P1 assumes that utility functions u; repre-
sent the true preferences of the DMs and that these
utility functions are commensurate among the DMs.
This implies that a score say 0.6 given by one DM has
the same meaning that the same score 0.6 for another
DM. This assumption is very hard to obtain. Multi-
Criteria Decision Analysis and Measurement Theory
provide a solution to this problem [2, 8]. The idea
is to construct utility function w; as an interval scale.
This is a numerical representation of the preferences of
the DM in which the notion of difference makes sense.
This means that the difference of satisfaction between
options a and b is “®=%(0) e more important
u; (d)—ui(c)

than the difference of satisfaction between options ¢
and d. An interval scale is given up to an affine trans-
formation. The idea of the Macbeth approach is then
to identify in A two references elements and to fix en-
tirely the interval scale by fixing the utility for these
two particular elements. These two elements are cho-
sen so that they have the same meaning throughout
the DM. The first element corresponds to an option
0; € A that is considered as completely unacceptable
to DM 7. The second element is an option 1; € A that
is considered as completely satisfactory to DM i. El-
ements 01, ...,0, have the same meaning, and so do
elements 1y,...,1,. We furthermore set u;(0;) = 0
and u;(1;) =1 for all i € N.

Previous methodology is designed to construct util-
ity functions that really represent the preferences of
the DM and to ensure commensurateness between the
DMs. Note that it is possible that each utility function
u; is constructed from multiple criteria [2, 8].

It is always possible that a DM has sheeted during the
elicitation of his utility function. This means that the
utility function he obtains is somehow in-between his
true one and the one described in (2). We want to
stress the fact that it is possible to some extend to
guess whether a DM has exaggerated his preferences.

An easy way to exaggerate his preferences is to re-

duce the support of the utility function, making it
sharper. Let us show this in a simple case. Assume
that the options are described by one attribute and
are ranked according to this attribute in the following
order aj,as,...,a,. We assume furthermore that the
options are uniformly spread over the values of the at-
tribute. Then Aju; := w;(ai+1)—w;(a;) is proportional
to the derivative of u; at the value of the attribute cor-
responding to a;. According to previous remark, the
more DM i exaggerates his preferences, the sharper u;
in some parts, and thus the less uniform A;u; over [.
It appears thus that a measure of uniformity of Aju;
can assess the degree of exaggeration of DM 4. Since
the Shanon entropy is classically used to measure such
uniformity, we make the following definition

Wi = Z

1e{1,....p—1}

7Al’u,i 1og(Alul) .

Comparing the value of W; for all DMs, one can detect
the more exaggerating ones, i.e. the ones with the
smallest values of W;. They can be asked to revise
their utility function, in the spirit of [18, 4].

4.2 On the manipulation of protocol P1

We have seen that when commensurateness among
DMs is assumed, the protocol is very sensitive to ma-
nipulation. It is not so easy to renormalize cardinal
utility functions in order to obtain this property. In
(2), a DM can exaggerate the difference of preferences
and thus of utility between two options. One way to
get rid of this problem is to construct a utility func-
tion that is not based on difference of intensities in the
preferences but just on an ordinal information which
is the ranking of the options according to a DM.

More precisely, we consider an isomorphism 7; from
A onto the integer set {1,...,p}. The set of all iso-
morphisms from A onto the integer set {1,...,p} is
denoted by Z(A). 7; is assumed to represent the ordi-
nal preferences of DM i over A. This representation is
valid iff the preference relation of DM i is a total order
(i.e. having no ex equo). Then a € A is preferred to
b € A according to DM ¢ € N if 7;(a) > 7;(b). Then we
define u;(a) := % Ti(a). Set 7= (11,...,m) € Z(A)™.

Remark that 7 cannot easily be determined when A
contains many elements, for instance when A is a com-
binatorial space.

Each DM has thus to define the ordering 7; he wants
to be applied in the game. The overall problem can
thus be seen as a two-stage game. Firstly each DM has
to provide his ranking on the set A of options. This
corresponds to a distortion game [12]. Secondly, the
DMs enters in the protocol with fixed utility functions
defined from 7. One can assume that the solutions to



the second game are the Maximin solutions A*(7).

A vector 7 € Z(A)™ is a Nash equilibrium of the first
game iff for all i € N and all 7; € Z(A),

ui(A*(77)) 2 wi(A* (13, 75,)) -
Set for S C N, 74 (a) := inigm(a), and, for i € N,
e
7(a) = T]/\\,\{i} (a). Let

A (1) = {a e A, m(a) = rgleajme(b)}

Lemma 7 Let Ty\(;3 € Z(A)" ' and a € A. Then
there exists T, € T(A) such that A*(1) = {a} iff

[{b € A\ {a}, 725(b) = T2i(a)}] < 77i(a)
and 7°;(a) > 1 (3)

Let
Ai(t—;):={a € A, (3)is satisfied} .

Corollary 8 Let Ty gy € Z(A)" ! Set Dy ={ac
A, 1t (a) > k}.

There exists 7; € Z(A) such that A*(7) is reduced to a
singleton iff there exists k € {2,...,p} such that

|Dy| < k. (4)

Let K be the smallest integer k satisfying (4). Then
Ai(1-i) = Dg. Moreover, |A;i(t—;)| <[], where [r]

denotes the smallest integer larger or equal to r.

Lemma 9 A*(7) is reduced to a singleton iff there ex-
1sts a € Dy such that
Vb € D, , 7;(b) < min(r;(a), 7;(a))

and either 7;(a) > 77,(a) or Vb € A\ (D, U{a}),
min(7;(b), 7°,(b)) < 7:(a) (5)

Assume that A;(7_;) # 0. Then player ¢ cannot act in
such a way to obtain an option not in A;(7—;). Con-
sider the option a*() of A;(7_;) that has the largest
value of ;. This is the best option that DM 7 can
get. If the conditions of Lemma 7 are not satisfied for
option a}, then DM ¢ can announce another 7;. He
can set 7;(a*(i)) = max(7;(a*(¢)),7;(a*(i))). Then
(5) becomes

Vb € Dy () , ui(b) < ui(a*(i)) .

Since | Do+ (5| < 7i(a*(i)), it is always possible to define
7;(b) for b € Dy () such that previous relation holds.

We study here in the situation of all DMs except one
are giving their true preferences, and we investigate
the interest for the last player to lie on his true prefer-
ences. The major difference between the cardinal case
and the ordinal case is that a DM cannot obtain his
preferred option by choosing strategy (2). In the ordi-
nal case, he can only force to obtain one of the most
preferred options for the remaining DMs. This set is
some kind of consensus of the remaining DMs.

5 A protocol based on coalitions of
players

5.1 Protocol

In Protocol P1, each individual DM is actor of the
protocol. It is well-known that individual DMs become
stronger when they group themselves. This lead to
the case where the actors correspond to a coalition
structure, that is a partition of N. One can also think
of a generalization of that, considering all coalitions
that can form. Let us denote by W C 2N the set
of admissible coalitions. One can think of the set of
winning coalitions in the sense of a voting rule. We
are thus interested in a protocol where the actors that
give their opinion are in fact all coalitions in W.

The second protocol is similar to P1, except that the
actors are coalitions of W rather than individual DMs.
The proposers and responders are elements of WW. The
sequence of proposers is supposed to be known in ad-
vance and is denoted by I, 115, ...

Protocol P2. At iteration k € IN,:

e Coalition II; makes an offer a € A (a
can already be proposed earlier).

e All other coalitions in W\ {II } say Yes
or No. However, a coalition S must ac-
cept a if (S, a) > ps(k).

e If at least one coalition rejects the of-
fer, we go to the next iteration. Other-
wise, the option is chosen and the pro-
tocol ends.

Lemma 10 Under (T), protocol P2 has at least one
Subgame Perfect Nash Equilibrium (SPE).

5.2 A generalization of Minimum Regret
Solution

The idea of the maximin solution is to select the op-
tion for minimize the dissatisfaction of the player that
enjoys the less the option. The maximin solution is
the option (or the set of options) a such that

. X — . X /
i ) = e ey (@)



We will see in a second that the Nucleolus proposes
another definition of dissatisfaction. Instead of look-
ing at the worse score of an option over the players,
the idea of the Nucleolus is to look at the difference
between what a set of players get with an option and
what they could get at best.

The bargaining sets are based on the notion of justi-
fied objection. An objection is justified whenever there
is no counterobjection. One sees that this definition
is purely qualitative. There is indeed no notion of in-
tensity of an objection or a counterobjection. This
may explain why one cannot obtain nonemptyness in
the general case [17]. In order to avoid the conse-
quences of Arrow’s theorem, one may think of quan-
titative concepts, such as the Nucleolus. This notion
is classically based on the concept of excess. For a
classical TU game, the excess for a given coalition and
an imputation is the difference between what the game
will provide for this coalition and what the imputation
promises to give. In our case, the excess is defined by

e(S,a) = max u; (b) — u;(a) .

(810) = ()~ o

e(S,a) is the difference between the maximal possible
total satisfaction degree to players S and what they
get with a. e(S,a) cannot be negative. This notion of
excess generalizes the notion of regret known in Social
Choice [1]. In Social Choice, N represents the soci-
ety, and ), ui(a) represents the total worth repre-
sented by a on the whole society. The option that is
best for society is thus the option a that maximizes
> ien wi(a). The regret associated to an option a is
then defined as e(N,a). In Social Choice, the mini-
mum regret option procedure corresponds to selecting
the option that minimizes regret e(N, a).

A strictly positive excess e(S, a) may be interpreted as
a dissatisfaction of the coalition S when faced with the
proposal a. Hence, vector {e(S,a)} gy measures the
dissatisfaction of the subcoalitions of N about a. In-
stead of expressing dissatisfaction as an objection that
one player can make to another one, as in the bar-
gaining set, another option is to consider the alterna-
tives @ whose highest complaint maxgsc y e(S, a) is the
smallest one. Define thus =max by (€(S,0))gcn Zmax
(e(S,a)) gcn iff maxgcn e(S,b) > maxgcy e(S, a).

A first idea is to select the option that minimizes the
The leads to the maximin solution on the excess :

K= {a € A, max e(S,a) = min max e(S,b)} ,
SCN beA SCN

and

Kw = {a €A, max e(S,a) = min max e(S,b)} ,

where W is a subset of 2VV.

We will then show that under some assumptions, all
equilibria of this protocol are exactly the elements of
the maximin set Kyy on the excess. This gives a the-
oretical characterization of KCyy. Since the Nucleolus
Ny is a refinement of Kyy, it also justifies this result.
We want to stress that Protocol P2 does not pretend
to be realistic in practice. It serves as a bargaining
characterization of ICyy.

Lemma 11 Let {p%}s be families of functions satis-
fying (1), (PP) and (T) such that p% does not de-
pend on coalition S, and p%(0) = 1 for all coalitions
S. Then there exists A € (0,1) such that for any
0 € (0,A), the SPEs of protocol P2 are the elements
Of ICW

5.3 Nucleolus

It is well-known that the max ordering is not quite
discriminative since the two payoff vector are judged
similar as soon as their maximal value is the same. It
is possible to refine this >,,x ordering, in such a way
to be more discriminative. We say that an ordering =’
is a refinement of = ., if z =’ y whenever = = .« ¥,
z =" y whenever x .« ¥, and there exists z,t such
that 2 = t and z ~pax t. The leximazx ordering defined
below is a refinement of the max ordering.

Define the lexicographic ordering =, on vectors in R
(for some m € IN) by : & = e, y iff
dpe{l,....m}, zj =y, forall j € {1,...,p}
and Tpy1 > Ypt1 -

Let z,y € R with 7,7 permutations on {1,...,d}
such that z,1) > -+ > 27q) and Yr1) 2 =+ 2 Yr(a)-
The leximax ordering is defined by

X Zlezimaz Y iff (x-r(l)a s 7'r7'(d)) Zlex (yﬂ'(l)7 EERE) yw(d)) .

Define > s by
ar=nb = (6(5, b))sgN = leximag (6(5, a))SgN
The prenucleolus set is the option of A such that the

associated vector (e(S,a))gc in R?" is the smallest
element in the leximax sense [13] :

N={acA, YheA aryb}
Lemma 12 N # (.

Example 13 Consider 4 options and 3 players.

Option a | Option b | Option c
Player 1 1 0.4 0.7
Player 2 0.5 0.3 0.2
Player 3 0.2 0.3 0.7




The excess values are given in the following array.

e(-,-) Option a | Option b | Option c
5 0 0.6 0.3
{2} 0 0.2 0.3
3 05 04 0

{1,2} 0 0.8 0.6

1,3 0.3 0.8 0

{2,3} 0.2 0.3 0

11,2,3) 0 0.7 01

One has N = {a} whereas b is the mazimin solution.
The choice of option a has much less complaint from
players and groups of players than the selection of b.

Lemma 14 Ifa,bc N then

Zui(a) = Zui(b) .

i€eN i€EN

In the general case, the Nucleolus is not necessarily
reduced to a singleton, as shown in the following result.

Lemma 15 Let a,b € A such that Z ui(a) =
iEN
Z u;(b), and for all c € A\ {a,b} and alli € N,
iEN
u;i(e) <ui(a) and ui(c) < ui(b) .

Then
N ={a,b} .

However, as the following example shows, the elements
of the Nucleolus do not necessarily have the largest
value of ),y u;i(a), or equivalently the smallest value
of the overall excess Y ¢y €(S,a). This comes from
the fact that the Nucleolus is derived from the max
ordering.

Example 16 Consider 4 options and 3 players.

a b c d
Player 1| 1 |0.5] 05| 0.6
Player2 | 0 |05 ] 0 |0.1

One has N = {d}. However,

Z e(S,d) =2.3 > Z e(S,a) = Z e(S,b)

SCN SCN SCN
= Z e(S,c) =15
SCN

So, one sees that the overall excess on all possible coali-
tions is much worse for d than for a, b and c.

It is possible to restrict the definition of the Nucleolus
to winning coalitions. This means that one does not
care about the excess for losing coalitions.

Ny ={acA, VheA
(6(5, b))SGW = lezimaz (6(5, a))SeW} :

Following Example 16, the overall excess
Y sewel(S,a) is an interesting measure together
with the leximax ordering. To this end, the leximax
ordering has to be transformed into a utility model.
It is well-known that the lezimax ordering cannot in
the general case be described by a utility model, i.e.

X tlem’maz Y — Flezimaz (17) Z Flezimaz (y) .

This is possible when the scale in discrete, which is not
our case. However, we replace the leximax ordering
by that induced by such function Fjegimaz. This gives
a coarsening of the leximax ordering but it is still a
refinement of the max ordering.

Define thus for 7 € [0,1] for z : W — R

GT(x) =T Z I(S) + (1 - 7') Flezimaz(x) .
Sew

Function G, describes a tradeoff between the largest
excess and the mean excess. Then define

s ={acA, VbeA
G, ({B(S, b)}SeW) > G, ({6(5, a)}SGW)} .

Example 17 Consider 3 options and 3 players.

Player 3

0.2

0.2

0.7

0.3

The excess values are given in the following array.

e()

a

b

c

d

Option a | Option b | Option c
Player 1 0.5 0 0
Player 2 0.1 0.5 0.7
Player 3 0.5 0.5 0

{1} 0 (050504
28 [05] 0 |05]04
(3) [05[05] 0 |04

{12y 0] 0 |05]03
{13} | 0 |05] 0 |03
{23F (05[] 0| 0 |03

{1,237 000 |02

It is easy to seen that a >=xr b. Assume now that op-
tion ¢ is withdrawn. Removing ¢ from A leads to the
reverse relation b =x a. We conclude that the pres-
ence of ¢ influences the preference between a and b.
Hence the Nucleolus does not satisfy the Independence
to Irrelevant Alternatives aziom [1].



6 Conclusion

We have introduced in Section 3 a negotiation pro-
tocol that is mainly characterized by an acceptance
threshold that obliges the DMs to accept an offer hav-
ing a better utility than that threshold. In order to
predict the outcome of this protocol, we have studied
its SPEs. In the case where the thresholds decreases
slowly enough, we show that the SPEs correspond to
the maximin solution. In the general case, we have
designed an algorithm that compute the outcomes of
all possible SPEs.

We notice in Section 4 that the protocol is subject to
manipulation by the DMs. Two possible proposals to
reduce this sensitivity are made. The first one consists
in the detection of a possible distortion of the initial
preferences. The second one proposes an ordinal ver-
sion of the protocol, which reduces the influence of
manipulation.

Previous protocol has been generalized in Section 5
allowing coalitions to interact. This leads to a solution
concept that generalizes the notion of minimum regret
and that seems to be new.

Acknowledgement

This work is partly funded by the ICIS research project
under the Dutch BSIK Program (BSIK 03024).

References

[1] K.J. Arrow, AK. Sen, K. Suzumura (Eds.).
Handbook of Social Choice and Welfare. Elsevier
Science, Amsterdam, 2002.

[2] C. Bana e Costa, J.M. De Corte, J.C. Vansnick.
On the mathematical foundations of MACBETH.
In: “Multiple Criteria Decision Analysis: state of
the art surveys” J. Figueira, S. Greco, M. Ehrgott
eds. Springer, New York, 2005.

[3] M.H. DeGroot. Reaching a consensus. J. of Amer-
ican Statistical Association, 69 (1974), 118-121.

[4] P. Eklund, A. Rusinowska, H. de Swart. Consen-
sus reaching in committees. European J. of Oper-
ational Research, to appear in 2006.

[5] P. Faratin, C. Sierra, N. R. Jennings. Negotiation
Decision Functions for Autonomous Agents. Int.
Journal of Robotics and Autonomous Systems 24
(1998) 159-182.

[6] M. Fedrizzi, M. Fedrizzi, R. Marques Pereira. Soft
consensus and network dynamics in group deci-
sion making. Int. J. of Intelligent Systems, 14
(1999), 63-77.

[7] A. Gibbard, ”Manipulation of voting schemes:
a general result”, Econometrica, Vol. 41, No. 4
(1973), pp. 587601.

[8] M. Grabisch, Ch. Labreuche. Fuzzy Measures
and Integrals in MCDA. In: J. Figueira, S. Greco,
M. Ehrgott. Multiple Criteria Decision Analysis:
State of the Art Surveys. Springer, New York,
2005. pp. 563-608.

[9] N.R. Jennings, P. Faratin, A.R. Lomuscio, S. Par-
son, M. Wooldridge, C. Sierra. Automated ne-
gotiation: Prospects, Methods and Challenges.
Group Decision and Negotiation 10 (2001), 199-
215.

[10] J. Kacprzyk and M. Fedrizzi (Eds.). Multiperson
Decision Making Models using Fuzzy Sets and
Possibility Theory, Kluwer, Dordrecht, 1990.

[11] J. Kacprzyk, H. Nurmi, M. Fedrizzi (Eds.). Con-
sensus under Fuzziness. Kluwer, Boston, 1996.

[12] M. Kurz. Income distribution and distortion of
preference: the I-commodity case. Journal of Eco-
nomic Theory 22 (1980) 99-10.

[13] G. Owen. Game Theory. Academic Press, New
York. 1995.

[14] A. Rubinstein. Perfect equilibrium in a bargaining
model. Econometrica 50 (1982) 97-109.

[15] M. Satterthwaite. Strategy-Proofness and Arrows
Conditions: Existence and Correspondence The-
orems for Voting Procedures and Social Welfare
Functions. Journal of Economic Theory 10 (1975)
187-217.

[16] Sengupta, K. and D. Teeni. Incorporating Mul-
tiple Levels of Information Processing in CSCW:
An Integrated Design Approach. In: ”Coopera-
tive Work and GroupWare Systems”, D. Shapiro,
M. Tauber and R. Traunmuller (Eds.). Elsevier
Science, North-Holland (1996), pp 119-134.

[17] P. Shenoy. On committee decision making: a
game theoretical approach. Management Science
26 (1980) 387-400.

[18] R. Vetschera. Integrating databases and pref-
erence evaluations in group decision support:
a feedback-oriented approach. Decision Support
Systems 46 (2000) 1585-1601.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


