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Obtaining a Unique, Efficient Norm Through Negotiation by
Linking Proposals

N. Quérou'
Résumé

On considere le probeme du choix d’une norme entre groupes de taille impor-
tante. Tous les membres ont une chance égale de participer a la décision par
le biais d’'un processus de négociation dans lequel un représentant est choisi
dans chaque groupe a chaque étape. On suppose que les groupes ont des
estimations subjectives de 'importance de leurs adversaires dans la décision
finale. Dans cet article nous prouvons que lier les propositions peut permet-
tre aux différentes parties prenantes de définir une norme unique et efficace.
Certaines implications des résultats principaux sont discutées dans le con-
texte du choix de standardisation.

Mots clé: groupements commerciaux, négociation, définition d’un standard.
Abstract

We consider the problem of the choice of a norm between groups of signifi-
cant size. All members have an equal chance to participate to the decision
through a negotiation process where at each round a representative is chosen
from each group. The groups are assumed to have subjective estimates of the
importance of their opponents in the final decision. We show that linking the
proposals of the different parties enables them to design a unique, cfficient
norm. The question of choice of standardization motivates this study: some
implications of main results are discussed in this context.

Keywords: commercial groups, negotiation, standard setting.

JEL numbers: D71, D82, L15.
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1 Introduction

The problem of designing a common standard is a very important economic
question. In network economy for example (see Shapiro and Varian (1998)
for an introduction), let us consider the situation of communication networks.
The question of choices of standardization is very important for numerical
services, because of interconnection choices and problems of compatibility.
Another example is related to commercial associations. Lack of standards
concerning quality or quantity is often the main reason for the incfliciency
of such formal networks. In fact, the Internet works because private groups
have set interface standards, and commercial associations will try to design
a common standard of quality in order to improve benefits.

Most of the litterature on the subject consider extreme situations for the
control of standard setting. A first part considers settings where govern-
ment bodies have played the key role in adjucating between the desires of
different parties about possible standards (Farrell and Shapiro (1992)). A
second part attributes no role for a standard setting organization (Farrell
and Saloner (1985)). The main point of these studies is the absence of design
compromises. But the importance of intermediaries in certifying firms has
been widely recognized (see Diamond (1984), Lizzeri (1999)): standard set-
ting organizations seem very important because they act as intermediaries
and promote actively design compromises. In the context of commercial
associations, the existence of an authority of mediation may enable the de-
sign of a compromise too. The present paper gives some support to this idea.

Some works have tried to solve the problem of designing a common norm
by negotiation between different groups. Most methods are based on a static
approach; if agents agree to cooperate, then they use a predetermined rule
to design the standard. Sometimes the process is represented as a war of at-
trition between different parties with their own proposed standards (Simcoe
(2003)). Tt results most of the time in problems related to the cfficiency of
the resulting standard, because such collective decision-making is done with-
out a complete knowledge of the characteristics (the types) of the different
groups, and without a possibility of rcal compromises.

The objective of the present paper is to understand how groups may de-
sign a common and cfficient norm (standard) through the use of negotiation
(see Muthoo (1999) for an introduction to bargaining theory). More pre-
cisely, the key insight of this paper rests on a simple point: linking proposals
of the different groups may create a correct incentive for designing a unique



and cfficient standard. This fact suggests that an intermediary may enable
the parties to design a common and cfficient norm if its influence is such that
each party admits the importance of its opponents in the decision process.
We will develop this idea and provide indications on the relevance of the
intervention of a formal intermediary in the choice of standardization, such
as an authority of mediation between commercial associations, or standard
setting organizations (see Lerner and Tirole (2004)). Thus, unlike to most of
the literature on standard setting, the present work does promote an active
role for intermediaries such as standard setting organizations.

Concerning the main characteristics of the study, we model the negotiation
as a dynamic bargaining process (see Muthoo (1999)) under private informa-
tion. The two different groups are assumed to interact by bargaining over a
continuous set of alternatives. At the beginning of the process each popula-
tion is privately informed about its own type and has a prior belief about the
type of the other. At each round a representative is drawn at random from
each population: both representatives play by making simultaneous propos-
als. The different groups update their belicfs using available information.
It is considered that each member of a given group has an equal chance to
become the representative of it at each round to highlight the idea that each
member has to be involved (in some way) in collective action if onc wants the
resulting norm to be cfficient. This situation can be thought of as a bargain
between different (large sized) interest groups (see Van Winden (2003) for a
survey of this notion).

The different groups are assumed to be interested in quick agreements only
(they behave myopically). This may be due to tensions within a given group
(as there may be little differences between the views of the different members,
each representative is concerned with trying to obtain immediate agreement).
Refusing a proposal is costly (because each group may give a certain impor-
tance to its opponent). This cost is related to the difference between the
proposals of the different groups. As accepting a current proposal is costless
(the "no effort” property, it implies no effort to implement the proposal),
we make use of an entropic-form cost (see Kullback (1959)). We will explain
how this cost may be interpreted in the context of standard setting in section
4. The different groups are assumed to assign a weight to this cost: it may
be understood as a subjective estimate of the abilities of the opponent in
negotiation (a subjective ”political weight”). The main result of this paper
states that if each party gives a sufficient power to its opponent in the de-
cision process, then the negotiation process leads to a common and cfficient
agreement. In the context of standardization, the parties succeed in setting



a standard with good properties by adjusting their views through negotiation.

Even though the focus of this paper is on standard setting through nego-
tiation, some results may be related to the litterature on the emergence of
norms in game or bargaining models under incomplete information, and on
costly bargaining. This has been the object of an important number of stud-
ies (for example Young (1993b), Bicchieri et al. (1997), Binmore (1998)).
The main part deals with how social norms are formed and maintained, us-
ing the evolutionary approach (Agastya (1997), Kandori (1992), and Young
(1993a)). This theory suggests that norms emerge due to a process of adap-
tation. In the evolutionary models it is assumed that types are unobservable,
or that actions can not be linked to types (so the principle is to best respond
to samples of past proposals). In the present paper it is assumed that the sets
of types are commonly known, and the main question is on how a unique and
efficient norm may be set (may one give a correct incentive to the different
parties?).

The results of the present work are different from those of some litterature
on costly bargaining (which states mainly that agreements do not exist, see
Anderlini and Felli (2001)), but this kind of studies has assumed that agents
are perfectly rational, and does not consider costs as an incentive for design-
illg a Ccominormn norrn.

The paper is organized as follows: section 2 presents the main assumptions
and the model in a general setting, and we provide arguments for studying
the problem of standard setting within this framework. The convergence
of beliefs and proposals in the negotiation process is discussed in section 3.
Scction 4 deals with the uniqueness and cfficiency of the long run norm. A
discussion about a more active role for an authority of mediation in standard
setting is provided, and the case of a discrete set of alternatives is explained.
Section 5 concludes.

2 The model

2.1 The foundations of the decision process

We consider two distinct groups of agents engaged in a negotiation process
in order to select a norm (standard). These populations are large and of
different types. Let us denote it by groups 1 and 2. All members of a given
population have the same utility function. Each population ¢ is characterized



by an attribute vector ¢; in some set T;, which specifies those parts of popu-
lation 7’s utility function that may be unknown to group j. 7T; is assumed to
be a complete and separable metric space.

Each representative chooses a proposal from a common alternative space X,
assumed to be a compact and convex subset of R’. The utility function
of group i is the continuously differentiable, concave and strictly quasi con-
cave function u; : X xT; — R. It is assumed that agent ¢ of type ¢; has
a reservation payoff ufft” It is the minimum payoff that ¢ (of type #;) must
be proposed to be at least as well off as she would be at the disagreement
payoff. We assume that there exist alternatives that yield a strictly better

payoff than ujlft” Let us define the application r; : T; — R, such that

” _,drit

f7j<t7;) = ui,ti .
In what follows we wish to think of higher types as more competitive groups.
Therefore we make the following assumption that associates higher types t;
with higher levels of reservation amounts:

Assumption 1. r; - T; — R is a strictly increasing function, ¢ = 1, 2.

So, if type t; of group 7 prefers the disagreement payoff to a proposal corre-
sponding to alternative x, then any type t, > ¢; strictly prefers the disagree-
ment payoff to the one resulting from z.

We will define in the subsequent sections the expected utility for ¢ at each
proposal round as a function of its own attribute vector t; € T;, its own
action and the actions of group j. It is assumed that the parameters t; do
not evolve during the process, and that each group is privately informed of
its own type (at the beginning).

The process is dynamic: periods of proposals are followed by periods of ac-
ceptance/refusal. At each round of proposal k one agent is drawn at random
from each population; this agent is "elected” as a representative of her own
group. Representatives engage in negotiation by making simultaneous pro-
posals. This way of making proposals enables one to avoid problems related
to incentive compatibility. If proposals were made sequentially, agents might
have an incentive to pretend to be of a different type than their true one.
In the following period k£ + 1 acceptance is discussed. If at least one proposal
is accepted, a standard has been found and the negotiation ends; otherwise,
each representative is replaced by a member of the same population and a
new round of proposal has to be held at period &k + 2... The assumption that
each representative is replaced at each round reinforces the idea that each
member has to be involved in the decision process if one wants to have a



chance to design an cfficient standard; however it is restrictive, and a good
possible extension to the present work would be to relax it in order to eval-
uate its impact on the results.

Before presenting the (general) model, we will indicate how the problem of
standard setting may be presented in this framework.

2.2 Choosing a standard through negotiation

In the present paper it is considered that different groups engage in negotia-
tion to design a norm. Secction 4 will focus on the selection of a unique norm,
a comimon standard. The present negotiation is not a war of attrition where
each group either wins (its standard is accepted) or loses (the other standard
is accepted), it is more about designing an cfficient compromise. Some people
may be surprised that the set of alternative be continuous, but in practice the
different groups can choose, and the intermediary can try to alter, various
characteristics of the proposed standards (see Lerner and Tirole (2004) for
more on this issue in the context of standard setting organizations). So, this
gradualism makes the present assumption relevant. However, in order to be
as precise as possible we will discuss the case of a discrete set of alternatives
in section 4.3. The role of standard setting organization is mainly restricted
to no role in the design of standard in most studies; we will elaborate on a
possible role in section 4.2. Now we will define the dynamics of negotiation
by understanding the evolution of belicfs.

2.3 Definition and evolution of beliefs

From now on by "agent 7 we mean "representative of group 7 in the current
round”. At the beginning of date k£ agent ¢ will be characterized by her own
type t; and her beliefs about the type of the other agent j1, . € A(7}) (where
A(T}) denotes the space of probability measures of support 7j). In fact we
consider that, when there is no agreement at date £ + 1, each representative
7 is replaced by a member of the same population with the same belief over
the agent j: combined with the assumption that both populations are large,
this enables us to consider that each representative is myopic, there is no
interest for the possibility of delaying agreement, they are only concerned by
obtaining an agreement at the current period. Duc to this simple framework,
this belief uniquely specifies the belief over the date k + 2 acceptance /refusal
of agent j: it specifies the subjective probability that the proposal x made
by agent 7 at period k would be accepted by agent 7. We will denote this
probability by P (x, 11 4)-

It is assumed that agents update their beliefs using Bayes’ rule when possible.



Let us briefly explain the rules. At the beginning of the process, agent ¢ is
privately informed of her own type ;. Fyy is the set (o-algebra) representing
the information of agent i at the beginning of date & (after both proposals
of period k£ — 2 have been refused at date £ — 1). This information would
come from the observations of agent ¢ from periods 0 through £ —1: it would
consist of a sequence of refused proposals by agent j, and a sequence of
proposals made by agent j that agent ¢ refused. Before making a proposal
at date k, agent i’s belief about the true type is represented by the value of
the probability p; ¢ conditional on Fj,: we will have

pao(1Fu) () = pag ()

We shall assume that the collection of subjective prior belicfs of agents are
such that 1,9 and 9 are mutually absolutely continuous, i.e.,

VDCSZ7/1170<D) > 0 fo /1,2’0(D) > 0.

This condition requires that agents agree ex ante about the events which have
zero probability. We would like to emphasize that this condition is weaker
than the common prior assumption, which is very unlikely to be found in
a situation of limited rationality. The prior beliefs of each group might be
quite different from the true distribution of types.

2.4 Expectations and costs

An agent 7 with type ¢; and beliefs 1; , who makes a proposal x; will expect
a date k utility equal to

P4, prig)wi(wi, t),

where DPj(x;, ;1) is the probability that x; will be accepted according to
agent 7’s beliefs over the type of agent j at round k. In the rest of the paper
we will simply denote this probability by I 4(x;). The decision rule at each
proposal round k is defined as follows. If no proposal has been accepted at
period k£ —1, each agent undergoes a cost to make a new proposal at round £;
the cost of agent ¢ for making a new proposal z(¢;) is a function of z(¢;) and
of the past proposal of agent j x;,_». Let us denote it by Ci(x(t;), j 4—2). SO
at each round k the proposal of agent i x; 4 (%;, pt; x) maximizes her expected
utility Uy, i.e.

Ui(2ix(ts), pig) = max P (w)ui(z, ti) — Cilz, 25 -2).



The cost C; is assumed to be of the relative entropy form (see Kullback
(1959)):

). Vo e X.

Ci(x,xj5—2) = ;2ln(
Ljk—2

The parameter €; > 0 is used to represent the (subjective) estimate for agent
© of the political weight of agent j in the negotiation process: the larger
the parameter, the more important the cost for agent ¢ when she chooses
her proposal (so, the more she takes agent j into account). In section 4
we will provide a possible explanation of this cost in the context of choice
of standardization, by considering the possibility of the intervention of an
authority of mediation.
Refusing x;,-—» implies (for agent i) going to another round of negotiation,
which is costly. We choose to model this cost by using an entropic form
because entropy is commonly used in economics and possesses the important
"no effort” property: Cj(x,x;4-2) = 0 if and only if # = x;, 5. Thus,
no cffort is needed from agent ¢ to accept x;;_», whereas making another
proposal is costly.

Remark 2.1. One may explicitly write the expected utility as
Ui, @ k-2, ti, fik);

however, since x5 s not the current proposal of agent j, we will not use
this notation before the section about the limiting behavior of agents (section

4)-

Sceveral points about the process and some technical assumptions have to
be underlined.

Remark 2.2. e [t is easily verified that the cost functions are strictly
conver.

o As we will focus on the case where the subjective estimates are large, we
may assume in the rest of the paper that the expected utility functions
are strictly concave. Due to strict convexity of the cost functions, it is
eastly verified that, when €; 1s large enough, the second derwative of the
expected utility function of agent v is strictly negative.

Now a simple application of Berge’s maximum theorem (see Sundaram
(1996)) leads to the following result:

Lemma 2.1. Under the assumptions of the problem, a unique solution to
the deciston problem of each agent exists. Moreover, the proposal of agent i
at date k is a continuous function of her type and beliefs.



Since the existence of a common prior is not assumed, the agents behave
as being boundedly rational; they optimize, but given subjective beliefs, and
using myopic rules. The assumption of a subjective estimate of "political
weights” reinforces the idea of not perfectly rational agents. Now we will
focus on the understanding of the dynamics of possible agreements.

3 The dynamics of agreements

3.1 A naive rule

The remark of the previous section about the dynamic process enables us to
describe more precisely the negotiation at each date k. If an agreement has
not been reached at date k — 1, each representative is replaced by another
member of her original population: the interaction relies on simple beliefs
about acceptance of the opponent, and the process seems to be adaptive.
It is no surprise that we obtain an immediate result that presents the very
simple structure of the (Bayesian) equilibrium outcome of the process at
some fixed date.

Proposition 3.1. Under assumption 1 any Bayesian equilibrium outcome of
the negotiation process at date k has the following structure: agent v makes
a proposal T(t;, pix), where x(t;, p;x) solves the decision problem of agent i
at date k. Agent j accepts if her true type t; is such that

“ff,lf < ui(w(ti, i) t5) (1)
and rejects if
71?}7; > wi(2(ti, pig), t;)- (2)

The proof of this statement is immediate due to the very simple structure
of the bargaining process and is therefore omitted. The idea is very intuitive:
agents act simply, accepting any proposal that would give them at least what
they would get with their reservation proposal. An immediate consequence
of this result is that rejections occur with positive probability: any agent
would refuse a proposal that would give her strictly less than her reservation
payoff.

Remark 3.1. In fact, one can deduce from this result that, in order to have
a chance to see her proposal accepted at round k, agent i has to propose
x(t;, pig) such that the resulting payoff of agent j is greater than her expected
reservation payoff with respect to . That is, the belief of agent i at round
k concerning the reservation payoff of agent j has to be greater than her true



value. So in the dynamic process each agent is solely concerned with trying to
learn the type of the other agent in order to be able to muoke the best possible
proposal for herself (i.e., the proposal that would give her the highest payoff
in the set of proposals that would get accepted with probability 1).

An important question is to understand if negotiation will stabilize over
time: if the beliefs and resulting proposals converge almost surely as time
goes to infinity, we will be able to study the long-term equilibria of this
process by simply studying the Nash equilibria of the limiting game. We will
provide an answer to this question in the next subsection.

3.2 Stability of long-run behavior

We have seen previously that at each fixed date the structure of the bar-
gaining game is very simple: agents make proposals with respect to their
own type and their beliefs about the type of their opponents. The learning
dynamics is related to types only: the beliefs about types vary over time be-
cause of the information received. However in the long run this information
has smaller and smaller influcnce on the beliefs about the fixed distribution
of types between the groups. We will show that each agent’s beliefs about
the type of her opponent converge over time; next we will see that in the
long run agent’s proposals are optimal with respect to their limiting beliefs,
which is quite expectable. Things seems to happen in the right way: the
different views of groups will finally adjust to long run standards.

We shall use the mutually absolute continuity of prior belicfs to obtain the
convergence result. This result will hold almost surely, i.e., with probability
one with respect to a measure p which is mutually absolute continuous to
each of the p; 0. The true distribution p? generated by the ex ante distribu-
tion of types and the true behavior of the agents is an appropriate choice of
such a measure. It is not claimed that beliefs converge to the "true” types
of agents.

Let us denote by p; x(w) the date k beliefs of group i over the type of group
J in the sample path w, and p; o(w) her limiting beliefs (i.e., beliefs under
the limiting information field Fi., = Uy F; ;) at w. We will consider the limit
of probability measures in the weak topology. Let us define for each 7 = 1,2
and each k,

Cir = {w|pip(w) = pioc(w)}, C =M Ng Cig.

The result is the following:
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Theorem 1. Under the assumptions of the study, we know that the sequence
of beliefs of each group converges almost surely: we have u’ (C) = 1.

Proof. See appendix. O

This result implies that the sequence {; j, }rconverges almost surely to the
belief under the limiting information field. Next we will specify an important
property concerning the set of proposals which are chosen infinitely often
(long run proposals): this set is indeed optimal with respect to the limiting
beliefs.

Proposition 3.2. Let us consider w a sample path belonging to the set C.
a) If 2’ is a proposal which is chosen infinitely often on w by group i then

x' € argmax U;(x, by, pti 0o (w)).
zeX
b)The payoff of group i converges on each such sample path.

Proof. See appendix. m

To sum-up the results of the present section, we have established the
very simple structure of the equilibrium outcomes of the game at each fixed
date, and then we have shown that the dynamics stabilizes over time. Thus
we deduce that the process converges to a limiting negotiation game. Now
it is possible to study the long term equilibrium outcomes that are likely
to be (Nash) equilibria of the limiting game. Indeed it is possible for the
moment that the proposals made by each group lead to the emergence of
long run norms that will be different according to each group. The study of
this problem is the goal of next section.

4 Adjusting views to a unique, efficient norm

In the present section we will establish the main result of this study: if
each group attributes sufficient importance to its opponent in the negotiation
process, then in the long run the proposals and belicefs of the different groups
result in a unique and cfficient norm. Thus by linking proposals it is possible
to help parties designing cfficient standards. The main assumptions seem
to be plausible ones: in real negotiation making a proposal has a cost, and
the subjectivity of different interest groups plays an important role in the
decision process.

11



4.1 Main result

Until the end of the section we consider the limiting problem, where the util-
ity of agent 7 is function of the long run proposals z; », and ;.. We will try
to obtain the Nash equilibrium of the limiting problem, in order to be able
to specify stable agreements (with respect to unilateral deviations).

For the proof of the main result we need condition (3):
there exists &« € X such that, for any i, jin I, ¢ # j, we have

wi(x, ) > B, ul' > @l 5

Ljo0 e zatz ?

dfit - . . ..
where Eujmuif is the expected reservation value of agent ¢ for agent j with

respect to her limiting beliefs (the subjective estimate for agent j of the
reservation value of agent i), and ¢; her true type. This condition states that
there exists an alternative which is better for each agent than the limiting
estimation (for her opponent) of her reservation payoff. It is like a condition
on the compatibility of limiting beliefs (it is not required that beliefs converge
to the true distribution of types). Now we state the main result of the paper:
the limiting equilibrium consists of a proposal shared by all agents and this
alternative is cfficient.

Theorem 2. If ¢; is chosen large enough and if condition (3) is fulfilled,
then there exists a unique (pure) steady-state (Nash) equilibrium, and it is
(Tioo: Tjoo). Moreover, T; o = Tj oo = s and xg is Pareto-optimal.

Proof. See appendix. O

Basically we obtain that, if the different groups admit that their opponent
has an important weight in bargaining then the negotiation process will lead
to a common proposal that will be cfficient. This is an important property
because of two points: selection (of a unique proposal) and cfficiency. If we
think of this process as a negotiation between different associations in order
to agree on a choice of standardization, now we may develop some ideas
concerning a possible role for an intermediary in standard setting. This is
the goal of section 4.2.

4.2 The need for a formal authority in standard setting

It was proven that an informational cost may create a correct incentive for
groups to set a common and cfficient norm through negotiation. The result
seems to lead to the conclusion that an cfficient standard may be set if each
party admits the importance of its opponent in the negotiation process. The

12



existence of a real authority would enable to achieve this.

The presence of an authority of mediation accepted by all parties may enable
this cost to be taken into account, and the importance of the other group
to be more considered (bigger subjective political weights) during negotia-
tion. By comparing the different proposals at each round, the authority may
propose adjustments of their characteristics: taking account of this opinion,
each group will undergo a cost in order to make a new proposal that will
have a better chance to be accepted. This role is more significant than that
of a "meeting room”.

The results of the present study give some interesting elements on the possi-
bility of a more active role of a formal intermediary (such as standard setting
organizations) for designing a common and cfficient standard through nego-
tiation. There is little work on the role of intermediarics in standard setting.
One could cite Lerner and Tirole (2004), who study another very interesting
aspect of the question, how firms should choose between different competing
standard setting organizations.

4.3 A finite set of alternatives

It was assumed that the set of alternatives was compact and convex. But
in fact in the different results except theorem 2 it is easily verified that the
only necessary assumption is compactness; thus, these results still hold in
the context of a finite set of alternatives.

Concerning theorem 2, one has to be a little bit more restrictive on the state-
ment of this result in the discrete case. But the same arguments can be used.
In fact the only modification is the following: if onc alternative Parcto dom-
inates all other ones, then this alternative will be the final standard. Thus,
even if the different groups have very different standards at the beginning,
they will adjust to an cfficient collective compromise.

5 Conclusion

In this paper new results are obtained regarding the choice of standardization
when there is private information. The use of continued bargaining interac-
tion over time enables agents to better design the long run norm, which
results in efficiency. The fact that each member of the different groups is
involved in the decision process seems to help reaching efficiency.

A very interesting information is that linking the different proposals may
lead to the selection of cfficient norm: this fact seems to yield interesting
ideas about possible roles for intermediary in standard setting. The presence

13



of an authority recognized by all groups in negotiation may enable parties to
admit the importance of their opponents in the decision process and to help
designing a compromise.

The present study is appropriate more to the context of standard setting
between large commercial associations. To describe a framework that will
take account of a restricted number of members, one would have to consider
the possibility that a particular member be the representative for the whole
process (or that different members have different chances to become repre-
sentatives). One will have to understand the impact of time preferences (and
anticipations) on the present results. This point is left for future research.
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6 Appendix

6.1 Proof of theorem 1

Proof. We proove the result by using a general reasoning on T = 17 x I5:
using an abuse of notations we will denote by p; , the measure on 7" (and not
on T}) obtained by extending the belief js;, to T in a natural (and unique)
way (since agent i knows her true type ¢; for sure at the beginning of the
process).

Now using standard arguments it is enough easily verified that, as T is a
complete and separable metric space, there exists a countable set, F(T), of
uniformly bounded continuous real-valued functions on 7 which are such
that the weak convergence of a sequence of probability measures {p}x to a
measure p holds whenever limy_,, [ fdp, = [ fdp for each fin F(T). Let us
consider the set {2 which describes the randomness in the negotiation process,
and f: 7T — R a continuous function. Now f(¢,%,) may be thought of as a
bounded random variable on £2; then a direct consequence of the Martingale
Convergence Theorem leads to

i [ F(Ohiala) = [ Fti ()

k=00
This can be made to hold with probability one for any countable collection of
such functions f and hence for all f € F'(T). Then we have p; x — p; o With
p;0 probability one, so p; 0(NgC;x) = 1 for each i € I, and from the definition
of u”, this implies that p” (NxC;x) =1 for all i and hence p' (C) = 1. O
6.2 Proof of proposition 3.2

Proof. Let x € X. Since 2 is chosen infinitely often on w, there exists a
subsequence {k,} such that

Ui(@', by i g, (W) = Ui, b, i g, (w)).

Taking limits and using the continuity of U;, we get

Ui (xla ti7 /iz,oo(w)) t Uvi (:L.a ti? Mi,oo(lU))

Since r is arbitrary, this proves statement (a). The second assertion
follows from the maximum theorem and part (a). [

17



6.3 Proof of theorem 2

Proof. By proposition 3.2 we know that the limiting proposal z; o, of agent
¢ is such that

Tico = Argmatzex D oo (2)ui(2, t;) — e;zin(—), (4)

l [L.]'/m

where P, () is the limiting probability that proposal = would be accepted
by agent j. From lemma 2.1 we deduce that (z; «, %;,00) is a Nash equilibrium
of the limiting problem.
Using condition (3) we deduce by concavity and continuity of the utility
functions that the set

{v € Xl|uj(,t;) > By, u¥"i, 5,1 # j}

is not empty, convex, compact. So, focusing on agreement obtained with
probability 1, we deduce from proposition 3.1 (and remark 3.1) that x; « is
solution of

wi(r,t) — exln(——).  (5)

Tioo = Argmax
5,00

{reX|u; (x’[/j)ZE‘Li,oou;'ifltVi,j,i;ﬁj}
Now one may consider the case of x; o > T, (otherwise we consider the
3 J/

problem for agent j). If &; is chosen large enough, one obtains necessarily
that z; . = 7. For example, one may consider ¢; such that

wilf, 1) — wiyi, t)

& >
- Min(%)

where M > 0 is such that © < M for any x € X, (7, y}) is the maximizer on
X2 of (z,y) = wi(x, t;) — u;(y, t;), which exists because u; is continuous and
X? is compact, and a,b € X are such that In(§) < In($) for all w,y € X.
Then using characterization (5) and reasoning by contradiction lead quickly
to the Parcto optimality of the resulting agreement. ]
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