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Abstract

We introduce a noncooperative coalitional bargaining model for characteristic function form
games. A player not only buys out other players’ resources and rights with upfront transfers
as in Gul (1989), but also strategically chooses partners instead of bargaining with a randomly
selected opponent. Such transactions among players are interpreted as coalition formation. The
main theorem provides a general inefficiency result. If a characteristic function form game has
a strict subcoalition with a strictly positive worth and a player with a strictly positive marginal
contribution to the grand-coalition, then an efficient stationary subgame perfect equilibrium does
not exist, as long as the discount factor is sufficiently high but strictly less than 1.

Two special results are established. A grand-coalition equilibrium is impossible when players
are sufficiently patient, unless the characteristic function form game is a unanimity game. For a
simple game with a veto player and multiple winning coalitions, a non-minimal winning coalition
is formed with positive probability. In two applications, we study players’ strategic alliance be-
havior and the effect of the strategic behavior on inequality. First, for three-player simple games,
the equilibrium payoff vector Lorenz-dominates both the Shapley-Shubik power index and the
core-constrained Nash bargaining solution. Second, for wage bargaining games, workers endoge-
nously form a union and their equilibrium payoffs can be greater than marginal products.

keywords: noncooperative bargaining, strategic coalition formation, buyout, efficiency, inequal-
ity, simple games, weighted majority games, wage bargaining.
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1 Introduction

When three or more players bargain over their joint surplus, forming a transitional coalition is per-
vasive though such a coalition is inefficient. Rather than immediately forming an efficient coalition,
players can increase their bargaining power through a transitional inefficient coalition. In wage bar-

gaining, for instance, workers form a labor union even though the union itself produces nothing.

*For the most recent version, please visit my website: https://sites.google.com/site/joosungecon/. My job market
papers consist of two companion papers. This paper deals with general characteristic function form games, and the
second one, “Noncooperative Unanimity Games in Networks,” extends the idea of this paper to network-restricted
games.

TDepartment of Economics, the Pennsylvania State University, University Park, PA 16802, USA. E-mail:
joosung@psu.edu. I am grateful to Kalyan Chatterjee for his guidance, encouragement, and support. I also thank
Ed Green, Jim Jordan, Vijay Krishna, Shih En Lu, Andrew McLennan, Akira Okada, Rajiv Vohra, Neil Wallace, and
the participants of the 24th Stony Brook Game Theory Conference for helpful discussions and suggestions. All remaining
errors are mine.


https://sites.google.com/site/joosungecon/
mailto: joosung@psu.edu

Similarly, in legislative bargaining, minor parties form a coalition though the coalition is still mi-
nor. In many coalitional bargaining models, however, players immediately form an efficient coalition,
especially when the gain from cooperation is substantial and commonly known.'

To investigate players’ strategic alliance behavior and gradual agreement phenomena, we introduce
a noncooperative bargaining model with buyout options for cooperative characteristic function form
games. By buyout options we mean, each player can buy out other players’ resources and rights with
upfront transfers. Players who sell their resources and rights leave the game with receiving monetary
transfers; and players who buy out other players remain in the game. As in Gul (1989), we interpret
such transactions among players as coalition formation. That is, a player forms a coalition with other
players whom she has previously bought out, and then she can exercises all the resources and the
rights on the coalition thereafter. Thus, she exclusively derives a surplus from the coalition according
to a characteristic function, and she can also sell it out later on.

To be concrete, a noncooperative coalitional bargaining game proceeds as follows. In each period,
a proposer is randomly selected according to a given recognition probability. The proposer makes an
offer specifying a coalition to bargain and monetary transfers to each member in the coalition. If all
the members in the coalition accept the offer, then the proposer remains in the game, inheriting other
respondents’ resources and rights. Then each remaining player derives a per-period payoff from the

coalition which belongs to the player.

1.1 Preview of Results

General Inefficiency Results
When players have buyout options, they not only consider the surplus from the current coalition, but
also take into account their bargaining power in the subsequent bargaining game. This additional
strategic consideration may hinder efficiency. It turns out that an efficient equilibrium is generically
impossible, if the discount factor is sufficiently high but strictly less than 1. If a characteristic function
form game has a strict subcoalition with a strictly positive worth and a player with a strictly positive
marginal contribution to the grand-coalition, then an efficient stationary subgame perfect equilibrium
does not exist as long as the discount factor is high enough.? The interesting point is that a subcoalition
whose worth is zero can be formed in equilibria, because players can improve their future bargaining
power by forming a transitional coalition even though it produces nothing. If only a grand-coalition has
a strictly positive worth, that is a unanimity game, then any stationary subgame perfect equilibrium
is efficient and the equilibrium payoff vector is unique for all discount factors.

Two special results are established. The first one is about grand-coalition equilibria, in which all
the players always immediately form a grand-coalition. We show that a grand-coalition equilibrium

is impossible if the discount factor is close to 1, unless it is a unanimity game. That is, even if the

IWith incomplete information, delay in an equilibrium is a common feature. With complete information, delayed
equilibria have been studied in Chatterjee et al. (1993); Cai (2000), but those equilibria rely on some restrictive bar-
gaining protocols and some specific characteristic functions.

20ur result says that inefficiency occurs for high discount factors, however it disappears as the discount factor
converges to 1. See Figure 2 in Section 7.1.



gain from forming the grand-coalition is substantial like convex games, the grand-coalition will not be
immediately formed with positive probability and hence delay may occur in any equilibrium.

The second special result is for simple games, in which only winning coalitions generates a unit
surplus. For simple games with a veto player and multiple winning coalitions, non-winning coalitions
may be formed as a transitional state and the final winning coalition is not necessarily minimal, unless
all the players are veto. That is, non-veto players may form a coalition each other in an equilibrium,
even though it is not a winning coalition. Furthermore, the equilibrium payoff vector is not necessarily

in the core of the underlying characteristic function form game.

Reduction of Inequality — Two Applications

As a first application, three-player simple games are studied. Either if there is no veto player or
if all the players are veto, then a winning coalition is always immediately formed and each player’s
equilibrium payoff is % of the total surplus. When there is only one veto player, the other non-veto
players form a coalition each other with positive probability to become a new veto player in the
subsequent two-player game. If there are two veto players, each veto player may form a non-winning
coalition with a non-veto player as a transitional state to oppose the other veto player. For each case,
weighted-majority games are considered as specific examples.

Interestingly, the equilibrium payoff vector Lorenz-dominates both the Shapley-Shubik power in-
dex and the core-constrained Nash bargaining solution. Note that the Shapley-Shubik power index
(Shapley and Shubik, 1954) is implemented (except for a unanimity game) when bilateral meetings are
randomly selected as in Gul (1989), and the core-constrained Nash bargaining solution is implemented
when they have no buyout option as in Okada (1996). Thus, if players have buyout options or if they
can strategically choose a coalition, then the inequality of the equilibrium payoffs can be reduced.

We also investigate workers’ strategic behavior on union formation in a simple wage bargaining
game. Workers endogenously form a union with a positive probability as long as the common discount
factor is high enough. That is, each worker buys out the other worker to unify the negotiation channel
to the firm rather than bargaining directly with the firm. The rolr of recognition probabilities is also
studied. As the workers’ recognition probability decreases, the equilibrium wage also decreases but
workers form a union more likely.

Especially when the marginal product of labor is low, the equilibrium wage is strictly greater than
the marginal product due to workers’ strategic alliance behavior. This is contrast to Okada (2011)’s
result, in which players have no buyout option. Without buyout options, each worker directly bargains
with the firm rather than forming a union, and hence the equilibrium wage converges to their marginal
product as a discount factor closes to 1. We also compare the equilibrium payoff vector to the other
cooperative solution concepts, including the Shapley value, nucleolus, and the core-constrained Nash

bargaining solution. (See Figure 4 in Section 7.3.)



1.2 Related Literature

Noncooperative Coalitional Bargaining Models

The notion of buyout in multi-player bargaining is from Gul (1989) and we succeed his model.®> Both
his model and our model view coalition formation as trading resources and the player who buys out
other players upfront can exercises all the resources and the rights on the coalition thereafter. However,
his model assumes random meetings, that is, players cannot choose partners to bargain with and their
strategic decision is limited on splitting the joint surplus in a randomly selected bilateral meeting.*
However, as Hart and Mas-Colell (1996) pointed out, a random-meeting-model does not entirely
capture players’ strategic behavior and the issue about strategic decision on coalition formation has
been remained as an open question.

Most of noncooperative bargaining models do not allow players to buy out other players. For
instance, Selten (1988) and Compte and Jehiel (2010) assume one-stage property, that is, the game
is terminated right after any coalition is formed. Other models including Baron and Ferejohn (1989),
Chatterjee et al. (1993), and Okada (1996, 2011) assume ezclusion property; once players form a
coalition, all the player in the coalition must exit the game and they are excluded in the further
bargaining game. In such environments, players have at most one chance to form a coalition. Thus,
they concern the surplus from the current coalition, but not the future coalitional structure which
induced by the coalition formation. With exclusion property, inefficient coalitions or transitional
coalitions are hardly formed in an equilibrium. For instance, a grand-coalition is always immediately
formed for convex games; only minimal coalitions are formed for simple games; and subcoalitions
whose surplus is zero never formed. By allowing buyout options, we can investigate players’ strategic
alliance behavior and gradual agreement phenomena.

Our model is close to Seidmann and Winter (1998), Okada (2000) and Gomes (2005), which
allow renegotiations in coalitional bargaining.® Seidmann and Winter (1998) considered the rejector-
proposer model with semi-strict superadditive games; while our model is based on a random-proposer
model and cover more general class of games including the cases with multiple efficient coalitions.
Okada (2000) considers renegotiations in a random-proposer model. However, he assumes that once
a subcoalition formed, any other disjoint subcoalition cannot be formed and the subsequent bargain-
ing is limited to a renegotiation with the previously formed coalition. Gomes (2005) introduces a
renegotiation model with externalities, namely a multilateral contracting game, for partition function
form games. In a multilateral contracting game, players can make a contract contingent on the other
players’ coalitional structure.® However, in our model, players trade their resources and rights with

upfront transfers, which do not depend on future events. That is, our contribution is to explore

3Krishna and Serrano (1995) also adopt the notion of buyout to refine a unique subgame perfect equilibrium in
unanimity games.

4This random meeting assumption simplifies the analysis and hence it is widely accepted especially for games in
networks. For instance, Manea (2011b,a); Abreu and Manea (2012a,b) assume bilateral random meetings and Nguyen
(2012) imposes multilateral random meetings. Our companion paper, Lee (2013), allows both strategic coalition forma-
tion and buyout option in noncooperative network-restricted games.

5In real-time framework, Hyndman and Ray (2007) introduce a noncooperative coalitional bargaining model with
binding agreements.

6Gomes and Jehiel (2005) allow that coalitions may break up.



inefficiency caused by players’ strategic behavior without relying on externalities across coalitions.”

In the renegotiation models, once a coalition is formed, it behaves as a single player but all the
players in the coalition remain in the game. Thus, the probability that a coalition is recognized as
a proposer is the sum of individual recognition probabilities of the players in the coalition. This
corresponds to an environment in which players can trade their chances to be a proposer in addition
to their resources. We consider such an environment with transferable recognition probabilities as a
benchmark case, but we also consider an alternative environment in which players cannot trade their
recognition probabilities. In fact, both environments are introduced by Gul (1989). He assumes that
the initial recognition probabilities are uniform over players and they cannot trade their recognition
probabilities. Thus in any subgame, all the remaining players are selected as a proposer equally likely.
He also considers a namely partnership game in which players can trade their recognition probabilities
and argues that non-transferability of recognition probabilities is essential to implement the Shapley

value.

Efficiency and Equality in Coalitional Bargaining

Efficiency has been a central question in bargaining literature. Rubinstein (1982) shows the unique
subgame perfect equilibrium yields an immediate agreement in his seminar two-player alternating-offer
bargaining model. There are mainly two strands of literature that follow Rubinstein (1982). The first
one is two-player bargaining game with incomplete information, which causes delayed and inefficient
equilibria. The second one is multi-player bargaining game. In this paper, we focus on multi-player
bargaining with complete information.

In coalitional bargaining literature, Chatterjee et al. (1993) provide a condition for efficient sta-
tionary subgame perfect equilibria in a rejector-proposer model. That is, if a underlying characteristic
function form game is dominated by its grand coalition, that is, the grand-coalition has the largest
value per capita among all coalitions, then the grand-coalition is always immediately formed for a
sufficiently large discount factor. It turns out that this condition is robust in the selection rule of
proposers.® Thus, this result suggests that efficiency can be obtained when the gain from the grand-
coalition is substantial. Our main result implies, however, inefficiency is more pervasive when players
have buyout options. If players can trade their recognition probabilities and they are sufficiently pa-
tient, then they may form inefficient coalitions, unless the underlying game is a unanimity game. Even
if players cannot trade their recognition probabilities, it requires a stronger condition than domination
by a grand-coalition for an efficient equilibrium to be exist.

In our model, inefficiency emerges when the discount factor is sufficiently large, because players
form an inefficient coalition as a transitional state. However, efficient coalitions will be formed within

a finite period. Therefore, with respect to efficiency, there may exist an efficient equilibrium for

7Gomes (2005) also defined a coalitional bargaining game as a tentative step to show the existence of equilibria in a
multilateral contracting game. Though he did pay little attention to the coalitional bargaining game itself, except for
showing the existence of equilibria, however, in terms of a model, his coalitional bargaining game is essentially the same
as the idea of buyout options with transferable recognition probabilities.

8See Okada (1996) for a random-proposer model. Ray and Vohra (2013) also generalizes this result to a model that
combines a rejector-proposer model and a random-proposer model.



a sufficiently low discount factor, and inefficiency asymptotically disappears as the discount factor
converges to 1. Such aspects of efficiency have been studied in various renegotiation models. Seidmann
and Winter (1998) and Okada (2000) shows that an efficient equilibrium exists for sufficiently low
discount factors.’ For asymptotic efficiency, Seidmann and Winter (1998), Okada (2000) and Gomes
and Jehiel (2005) show that efficient coalitions are obtained in a finite period and hence the equilibrium
outcome is almost Pareto efficient as a discount factor converges to 1. Hyndman and Ray (2007)
investigate this asymptotic efficiency in a continuous time framework.

In addition to efficiency, equality has been an important issue especially in normative aspects of
cooperative bargaining problems. In noncooperative bargaining literature, Chatterjee et al. (1993)
shows that if the underlying game is strictly convex, then the equilibrium payoff vector converges to
the core-constrained Nash bargaining solution, which Lorenz-dominates every other core allocations
(Dutta and Ray, 1989).1 For strictly convex games, this result is quite robust so that the limiting pay-
off vector coincides with the core-constrained Nash bargaining solution, independently on bargaining
protocols and section rules of proposers.

For other than convex games, many researchers have concentrated on simple games especially in the
legislative bargaining literature after Baron and Ferejohn (1989). For simple games with veto players,
the core allocations may not have a desirable property with respect to equality.!! Furthermore, as
Winter (1996) shows in a random-proposer model, the equilibrium payoff vector lies in the core and
hence the veto players take all the surplus. However, most of well-known cooperative power indices,
including Shapley and Shubik (1954) power index and Banzhaf (1964) power index, do not necessarily
lie in the core and the indices assign even a non-veto player a positive value. Our model has a similar
feature. Even a non-veto player gets a positive payoff and it sometime coincides to the Shapley
and Shubik (1954) power index. Thus, one can view allowing buyout options as a noncooperative
foundation of the cooperative power indices.

Aumann and Myerson (2003) informally argued that forming a non-minimal winning coalition
could be stable for some simple games. Their insight is consistent with our result. In our model, since
players can participate in the subsequent bargaining game after forming a non-winning coalition, a
non-minimal winning coalition may occur in the final state. This result is contrast to existing nonco-
operative models for simple games, including Montero (2002), Morelli and Montero (2003), Montero
(2006) and Montero and Vidal-Puga (2011), in which only a minimal winning coalition occurs in

stationary subgame perfect equilibria.

9n the rejector-proposal model with renegotiations, Seidmann and Winter (1998) show that any game has an
immediate coalition formation solution for sufficient low discount factors (Proposition 2), and a unanimity game has
it for any discount factor (Proposition 1). In Okada (2000), he shows that a renegotiation-proof solution exists for
sufficiently low discount factors (Theorem 3). This theorem also implies that only a unanimity game has a renegotiation-
proof solution for all discount factor and vise versa.

10 This generalizes Rubinstein (1982)’s noncooperative foundation of the Nash bargaining solution into multi-player
bargaining problems.

LLIf there is no veto player, then the core is empty unless it is unanimity game. In such games, the limiting equilibrium
payoff vector depends on their initial recognition probabilities. Instead of the core-constrained Nash bargaining solution,
the relation between the equilibrium payoff vector and the nucleolus (or the kernel) has been studied by Serrano (1993),
Serrano (1995), Montero (2002), and Montero (2006).



The paper is organized as follows. Section 2 describes a noncooperative coalitional bargaining
model with buyout options. In Section 3, we define a stationary subgame perfect equilibrium and
characterize a cutoff strategy equilibrium which is a special form of stationary subgame perfect equi-
librium. Section 4 characterizes an existence condition for efficient equilibria. In Section 5, we consider
an alternative environment in which players cannot trade their chances to be a proposer. In Section
6 and Section 7, three-player simple games and wage bargaining games are studied as applications.

Section 8 concludes this paper with further research issues. Omitted Proofs appear in Appendices.

2 A Model

Let N be a set of players and v : 2V \ {0} — RY be a characteristic function. We assume that
v is zero-normalized, essential, and superadditive, that is, v({i}) = 0 for all i € N; v(N) > 0; and
v(SUS") > v(S)+v(S’) for all 5,5 C N such that SNS’ = 0. A characteristic function v is monotone
if, for all S C S C N, v(S") <v(S5). Note that monotonicity is implied by superadditivity.

A tuple (N,v) is an underlying characteristic function form game, or shortly an underlying game.
We follows Gul (1989)’s interpretation. Each player initially has a specific resource. Each coali-
tion represents a combination of resources that initially belong to the players in the coalition which
generates a flow of surplus according to the characteristic function.

A (coalitional) state 7 is a partition of N specifying a set of active players N™ C N. That is, each
active player i € N™ owns her partition block [i].; and for all j € N, the partition block [j], belongs
to only one active player i such that [j], "N™ = {i}. Denote 7° by the initial state, that is, N™ = N
and [i]zo = {4} for all i € N. A state 7 is terminal if ), _n~ v([i]) = v(N). That is, in any terminal
state, there is no unrealized surplus. Let II be a set of all states.

For each m € Il and ¢ € N™, denote N* = {S C N™ | i € S}. For each i € N™ and S C N[, i’s
S-formation yields a subsequent state (4, S), where N™(+5) = (N™\ S) U {i}, [il,(1.5) = Ures[klnr,
and [jlx@i,9) = [jlx for all j € N7\ {i}. For a pair of coalitional states 7" and 7, 7" succeeds =, if
there exists a sequence of formations {(i¢, S¢)}r_, such that n’ = m(i1,S1) - (ir,SL); i1 € N and
Si C Niy; and i € N™0S)=(eonSen) and §, € NJ 05008 gor a1 ¢ = 2. L. Given

m € 11, let Il be a set of succeeding states of .

17

A noncooperative coalitional bargaining game, or shortly, a bargaining game is a tuple I' = (N, v, p, §),
where p € Rf + is the initial recognition probability with ). p; =1, and 0 < § < 1 is the common
discount factor. For each 7 € II, we define the induced recognition probability p™ in the following way:

P = 0 otherwise.

That is, if a player forms a coalition, then the player takes other players’ recognition probabilities as

well. One can view this as forming a partnership.'?

A bargaining game proceeds as follows.'® In period ¢, they begins with the previous state 7*~!.

12This is a generalization of the partnership game which is discussed in Gul (1989).
13See Figure 1 for a part of a game tree.



If 7t~1 is a terminal state, then only a production stage occurs without bargaining stages and hence
at = mt=1 If #'~1 is a non-terminal state, then the period consists of three bargaining stages and one

production stage. Each stage is defined as follows:
i) Recognition: Nature selects a player i € N ™' asa proposer with probability p{-‘til.

ii) Proposal: The proposer i chooses a pair (S,y) of a coalition S C NT "' and monetary transfers
{yjties with 3 cqy; = 0.

ili) Response: By a given order, each respondent j € S\ {i} sequentially either accepts the offer or
rejects it. If any j € S\ {i} rejects then the current state does not change and hence 7t = 7!~
If all j € S\ {i} accept the offer, then the current state transitions to n* = #*=1(i, ), that is,

each j € S\ {i} leaves the game with receiving y; from the proposer i.

iv) Production: Fach partition block generates a surplus to the owner. That is, each active player
i€ N™ derives (1 — 8)v([i] ).

Given a sequence of states T = {7'}$2, and a sequence of transfers among players § = {y'}{2,,

player ¢’s discounted sum of payoffs is
Ui, ) = D01 (1= 8)o([ilae) +yf) 1(i € NT').
t=1

When there is no danger of confusion, we omit 7° in notations, for instance, N7°(@.5) = NGS)
p™ (9 = p(1:9) "and so on. For notational simplicity, for any z € R” and S C N, denote zg = ZjES zj.

For a characteristic function v, denote v = v(N), v; = v({i}), and vg = >, g v;.

3 Stationary Subgame Perfect Equilibria

Our equilibrium concept is a stationary subgame perfect equilibrium (SSPE). A stationary strategy
depends only on the current state and within-period histories, but not the histories of past periods.
Even in the class of stationary subgame perfect equilibria, players’ strategies may depend on within-
period histories, which involve the identity of the proposer, the proposed coalition and the proposed
allocation, preceding respondents’ reactions, and so on. In noncooperative coalitional bargaining
literature, a cutoff strategy is widely used as a special form of stationary strategies. In addition to its
tractability, it is known that a cutoff strategy equilibrium is equivalent to a general SSPE in terms of
equilibrium payoffs, due to Yan (2003) and Eraslan and McLennan (2013). Through a cutoff strategy
equilibrium, the existence of SSPE is also proved by Eraslan (2002), Gomes (2005), and Eraslan and
McLennan (2013).

In this section, as a preliminary step, we formally describe an extensive form game in which players
have buyout options. Then, we show the payoff equivalence between a cutoff strategy equilibrium and
an SSPE, and characterize a cutoff strategy equilibrium with two tractable conditions, optimality and

consistency. Note that this section is largely based on Eraslan and McLennan (2013) and Yan (2003).

M The coefficient 1 — § normalizes the discounted sum of streams of surplus. Thus, a coalition S generates (1 — §)v(S)
for each period so that the sum of streams of surplus is v(S) = (1 — §)v(S) + 6(1 — §)v(S) + 62(1 — 8)v(S) + ---.
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Figure 1: A partial game tree.
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3.1 Stationary Strategies

Fix T' = (N,v,p,d) and let n be a cardinality of N. Alsoles S={SCN|S#0},S,={SCN i€
S} and X =R’ First, we consider the initial state 7°. Since a proposer is selected at the beginning
of each period, each within-period history always specifies a current proposer. Let H® = N x S x X
be a set of histories right after the proposer makes an offer; and for all i € N, H' = H*=1 x {0,1} be

a set of histories right after player ¢ responses. The set of all possible within-period histories is
H=NUH°UH'U.---UH"

For all h € H, typically denoted by h = (¢,S,y,71,79, -+ ,7;), the first element of the history
specifies the current proposer, denoted by ¢(h) = ¢ € N. For all h € U}_H ¢ the second element and
the third element specify the proposed coalition and the proposed allocation, denoted by S(h) =S € S
and y(h) =y € X. For all i € N and all h € U}_,H*, the (i + 3)th element specifies the player
i’s response, denoted by r;(h) = r; € {0,1}, where 0 represents i’s rejection and 1 represents ¢’s
acceptance.

For a measurable space (£2,.4), let A(€2) be the set of probability measures on Q. For a pair of



measurable spaces (21,.4;1) and (2, Az), let A(21,€2) be the set of transition probabilities from
Qy to Qy. Player i’s (stationary) proposal strategy in the initial state is o; € A(S; x X). Define a
proposal transition probability o € A(N,S x X) so that «(i)(S,y) = a;(S,y). Player i’s (stationary)
response strategy in the initial state is 8; € A(H*~1,{0,1}) such that 8;(h)(1) = 1 if either ¢(h) =i
ori & S(h).

The three stochastic components, the recognition probability p, the proposal transition probability
a, and the response strategy profile 8 = {3;}icn, induce a unique probability measure on H™.'> The
induced probability measure is denoted by p®@ a® 1 ® - - - ® SB,.

Let O = (8§ x X) U {7n°} be the outcome space in 7°. Define an outcome function o : H" — O,
such that for all h € H™,

s otherwise.

o(h) = {<S<h>7y<h>> it enry(h) = 1

Let (p®a® B @+ ® B,)o0o~ ! be the induced measure on O by (p, «, 3). We also define the induced
measure k£ on O by any history h € H and the initial-state stationary strategy profile («a, 5):

(0h®a®BrL® @ Py)oo ! ifhe N

h’a ’ =
t(h, a, B) {(§h®ﬁz+1®-..®ﬂn)oo—1 ifhe H' ¢=0,1,---,n,

where J, is the Dirac probability measure on H.
Let x be a value profile, that is, x = {{x}r}jeNﬂ }rern. Given an initial-state stationary strategy

profile («, 8) and a value profile x, player i’s expected payoffs at h € H is:
wi(h,a, 8,x) = k(h,a,B)(n°)z;

+Z/yex gt (209 =3y, | 16 = 6(h) | nlh,a, B)(S,dy)

SeS; jeS

+ Y LS / k(h, o, B) (S, dy).

SES\S; yeX

Then an initial-state stationary strategy profile («, 3) is an initial-state stationary subgame perfect
x-equilibrium if, for all h € H, all ¢ € N, and ¢’s all possible initial-state stationary strategies &; and
Bi,
wi(h, a, B,%x) > w;(h, (&, a—3), (Bi, B-i), X). (2)
A stationary strategy profile specifies all the active players’ initial-state stationary strategies for
each subgame. Let (a, B) be a stationary strategy profile, where e = {a" }renr and 8 = {8™ }pren-
Given x, for each 7 € II, denote x|, = {:rzwl}ﬂ/el-[hr and x™ = x| U{2"}. Now we characterize an
SSPE as a collection of initial-state stationary subgame perfect equilibria with respect to a specific

value profile.

Proposition 1.

15This is known as a generalized Fubini Theorem. See Eraslan and McLennan (2013).
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i) If (o, B) is an SSPE, then it induces a value profile x and for all m € 11, a partial strategy profile
(a™, B™) is an initial-state stationary subgame perfect x™-equilibrium of the subgame starting with

.

it) If there exist a stationary strategy profile (o, 3) and a value profile x such that for all w € II,
(a™, B™) is an initial-state stationary subgame perfect x™ -equilibrium of the subgame starting with
m, then (a, B) is an SSPE.

3.2 Cutoff Strategy Equilibria

A cutoff strategy profile (x,q) consists of a cutoff value profile x = {{zT };cn= }ren and a coalition
formation strategy profile q = {{q7 }ie N« }retr, where 27 € R and ¢ff € A(2M7) for each w € IT and it

specifies the behaviors of an active player ¢ € N™ in any coalitional state 7 in the following way:

e player i proposes (5, y) with probability ¢7 (S) such that

T ifkeS
Yk = 0 otherwise;

e player i accepts any proposal (S,y) if and only if y; > 7.
Given x, define an active player i’s excess surplus of forming S in 7:

el (9,x) = x?(i’s) — x%.

Let DT (x) = argmaxgc v~ €] (5,%) be a demand set of player i in 7 and m] (x) = maxscny €] (S, %)
be a net proposal gain of player i in w. Given a cutoff strategy profile (x, q), player i’s continuation

payoff in 7 is:
wi(x,a) =pf D X (S)ef(S.x) + D p] D a(S) [Li € S)af + 1 ¢ $)aT9V | (3)

SCN™ JENT  SCNT

Now we show that, for any SSPE («, 3), there exists a cutoff strategy equilibrium (x, q) such that
the SSPE (a, 3) induces the value profile x. Let (e, 3) be an SSPE. Due to Proposition 1, there
exists a value profile x such that, for all 7 € II, (o™, 87) is an initial-state stationary subgame perfect

x"-equilibrium of the subgame starting with .

Proposition 2. For an arbitrary SSPE, there exists a cutoff strategy equilibrium which yields the

same expected payoff vector.

Due to Proposition 2, when we are interested in players’ equilibrium payoffs, without loss of
generality, we can focus on a cutoff strategy equilibrium. The next proposition characterizes a cutoff

strategy equilibrium in terms of a value profile and a coalition formation strategy profile.

Proposition 3. Let 0 < 6 < 1. A cutoff strategy profile (x,q) is an SSPE if and only if for all m € T
andi € N™,

(Optimality) ¢f € A(D](x)); and

(Consistency) a7 = (1 — )v([i]x) + duT (x,q).
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4 Efficient Equilibria

A coalition S C N is efficient if v(S) = v. Let E be a set of efficient coalitions. When v is zero-

normalized, essential, and monotone, E has the following properties:
(E1) {i} € E for all i € N;

(E2) S€E and S C S imply S’ € E; and

(E3) N €E.

Let K = NE be a set of essential players. Let E™ = {S € E | (Vi € S) S\ {i} &€ E} be a set of
minimal efficient coalitions and A = {A C N\ K | AUK € E™} be a set of auziliary coalitions.
Define D = N \ (UE™) as a set of dummy players.

Remark. Note that the notion of an essential player is a generalization of a veto player in simple
games. In a simple game, each coalition generates either a unit surplus or zero. A coalition that
generates a unit surplus is called a winning coalition. We will discuss simple games as a special case

in Section 4.3.

Lemma 1. A player is essential if and only if the player has a positive marginal contribution to a
grand-coalition, that is, k € K <= v(N \ {k}) < v(N).

Proof. By definition, k € K if and only if S € E = k € S. First, for ‘only-if’ part, suppose
v(N \ {k}) < v(N) and take S € E. We need to show k € S. Suppose not, that is, S C N\ {k}.
Monotonicity implies v(S) < v(N \ {k}) < v(N), which contradicts to S € E. Next, for ‘if’ part,
suppose S e E — ke S, ork¢gd S = S ¢E. Then we have N \ {k} ¢ E, which implies
v(N\ {k}) < v(N). O

Definition 1. Given I' = (N, v,p, d), a cutoff strategy profile (x, q) is efficient if
i€EN
Remark. Note that any proposal is always accepted in a cutoff strategy profile. Thus, a cutoff strategy
profile (x, q) is efficient if and only if, for all i € N and S C N;, ¢;(S) > 0 implies v(S) = .
Before we state our main theorem, let us investigate the role of essential players. Consider a
characteristic function form game (IV,v) which has no essential player, that is, for all ¢ € N, v(N \

{i}) = v. In such a game, there may exist an efficient equilibrium for all discount factors as in the

following example.

Example 1 (Three-Player Majority Game). Let N = {1,2,3}; and v(S) = 1 if |S| > 2, otherwise
v(S) = 0. E ={{1,2},{1,3},{2,3}, N} and K = (). Suppose p = (%,%,%) For a noncooperative
bargaining game (N, v,p,d) with any ¢, there exists an equilibrium (z,¢q) such that for each i € N
and {j, k} = N\ {i}

12



i) z; = 36; and

i) ¢:({i,5}) = a({i,k}) = 5.
In fact, in any equilibrium of (NV,v,p,d), a two-player coalition is always immediately formed, inde-

pendently on p and J.

Note that all the players are essential if and only if there exists a unique efficient coalition, which is
the grand-coalition. In this case, in any efficient equilibrium, a grand-coalition is always immediately
formed. This special efficient equilibrium is called a grand-coalition equilibrium. The extreme case of
a single efficient coalition is a unanimity game, that is, v(N) > 0 and v(S) =0 for all S C N.

In our main theorem, we consider a underlying game with an essential player, that is, at least
one player’s marginal contribution to the grand-coalition is strictly positive. Then, it turns out that
an efficient equilibrium is generically impossible. For any initial recognition probability, there is no
efficient subgame perfect equilibrium for a sufficiently high discount factor, unless the underlying game

is a unanimity game. Only a unanimity game has an efficient equilibrium for all discount factors.
Theorem 1.

1) If (N,v) is a unanimity game, then for any p and 0, the bargaining game (N,v,p,d) has an

efficient stationary subgame perfect equilibrium .

ii) Suppose that (N,v) has an essential player and it is not a unanimity game. For any p there
exists & < 1 such that for all § > 6, the bargaining game (N,v,p,8) does not have any efficient

stationary subgame perfect equilibrium.

Remark. For a sufficiently low discount factor, an efficient equilibrium may exist. If players do not
care about their future payoffs, then respondents will accept any offer. A proposer also does not care
about the future bargaining power for a low discount factor, and hence she wants to form an efficient
coalition immediately. As the discount factor increases, players consider their buyout options more
seriously and form inefficient coalitions, and hence strategic delay may emerge in equilibria. In order
for a bargaining game to have an efficient equilibrium with an arbitrary large discount factor, there
are only two possible cases: either the underlying game is a unanimity game or it has no essential

player.

Remark. As a transitional state, players may form an inefficient coalition, but an efficient coalition
must be formed in a finite period. Thus, as the discount factor increase, tho different effects are
intertwined. A higher discount factor promotes players’ strategic alliance behavior, but it also reduces
welfare loss. As the discount factor converges to 1, welfare loss eventually disappears while strategic
delay remains.

The following example illustrates why non-unanimity games have no efficient equilibrium: if we
assume an efficient strategy profile is an equilibrium, then there exists a player who can be better off
by forming an inefficient coalition for a sufficiently high discount factor. The actual equilibrium is

investigated in Section 7.
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Example 2. N = {1,2,3}; v(N) = 1, v({1,2}) = v({1,3}) = a, v(S) = 0 otherwise. Suppose
0<a<landp; = % for all i € N. Suppose (x,q) be an efficient equilibrium. Then a grand-coalition
is always immediately formed and each player is always chosen by any proposer. Hence each player
1’s expected payoff is

ui(x,q) = pi(l —zn) + ;. (4)

Since it is efficient, it must be ux(x,q) = 1. Due to consistency condition, that is z; = du,;(x,q) for

all i, (4) yields (1 — d)x; = dp;(1 — §), or x; = dp;. Then player 1’s excess surpluses are
e e;(N,x)=1—xzy =1-4; and

e 1({1,2},x) =e1({1,3},x) =a+ %5(1 —a)— %5 =a— 2ad.
—_————

xgly{lﬂ}) z1+x2

Note that argL{l’Q}) = xﬁl"“’?’}) = a+ 25(1 — a), because player 1 derives a by forming {1,2} or {1, 3}

2

and she additionally expects 5(1 — a) from the two-player game in the next period. Let =12

- > ~ 1—%(1'
Then e;({1,2},%x) > e1(N,x) for all § > 4. If a > 0, then ¢ < 1, and hence for all 6 > § froming a

grand-coalition is not optimal for player 1, which violates (x,q) is an equilibrium. Now suppose that

a = 0, that is (IV,v) is a unanimity game. Then § = 1 and there is no § < 1 which contradicts to
the assumptions of an efficient equilibrium. Therefore, the efficient strategy profile (x,q) is indeed an

equilibrium for all §.

We will prove the main theorem in the following two subsections. Subsection 4.1 considers a
game in which all the players are essential. In such games, a grand-coalition is the unique efficient
coalition and hence any efficient equilibrium is a grand-coalition equilibrium. Proposition 4 constructs
a grand-coalition equilibrium for unanimity games. For unanimity games, we will see that players’
equilibrium payoffs are proportional to their recognition probabilities. Then, players cannot improve
their bargaining power by forming a strict subcoalition, because it just induces another unanimity
game. Thus, all the players always immediately form a grand-coalition independently on discount
factors. Conversely, in Proposition 5, we show that a grand-coalition equilibrium is impossible for
other than a unanimity game, if the discount factor is sufficiently high.

The novel (and also hard) part of our theorem is dealing with a game with multiple efficient
coalitions, while both Seidmann and Winter (1998) and Okada (2000) restricted on the cases with a
single efficient coalition.'® Subsection 4.2 extends the inefficiency result into the games with multiple
efficient coalitions. Proposition 6 shows that, for any non-unanimity game with an essential player,
any efficient strategy profile cannot be an equilibrium for sufficiently high discount factor. The proof
consists of three cases. In the first case, K ¢ E,!” non-essential players form a coalition among

themselves to be a new essential player in the subsequent bargaining game. In the second case, K € E

16Seidmann and Winter (1998) assumes semi-strict superadditivity, which is the weakest assumption to imply that a
grand-coalition is the unique efficient coalition. Okada (2000) assumes that one and only one profitable coalition can
be formed.

17The set of essential players is not an efficient coalition, and hence essential players need at least one non-essential
player’s cooperation to for an efficient coalition.
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and there exists ¥ € K such that v(N \ {k'}) > 0, another essential player k € K can be better off
by forming an inefficient coalition excluding k’. In the last case, K € E and v(IN \ {k}) = 0 for all for
k € K, each essential player forms a coalition with dummy players rather than immediately forming
an efficient coalition.

In Subsection 4.3, we rephrase our results for simple games.

4.1 Grand-Coalition Equilibria

In this section, we show that a grand-coalition equilibrium does not exist in general if the players
have buyout options. That is, players may form a transitional subcoalition and a grand-coalition,
which is the unique efficient coalition, is delayed to form. The only case in which a grand-coalition
equilibrium exists is a unanimity game, that is, all the subcoalitions except for the grand coalition
produce nothing.

First, we characterizes the payoff vector in grand-coalition equilibria. Though we assume zero-
normalization on initial characteristic functions, but in non-initial states, the induced characteristic

functions may not be zero-normalized. The following lemma does not rely on zero-normalization.
Lemma 2. Suppose (x,q) is a grand-coalition equilibrium of (N,v,p,d). For eachi € N,

1) ui(x,q) = v; + pi(v — vn); and

2) x; =v; + 6p;(v —vn).

Proof. Since (x,q) is efficient, it must be uy(x,q) = v and xx = 6v. Take i € N. i always forms
a grand-coalition and 7 is always included by other players’ proposal as well. Thus, i’s expected
equilibrium payoff is

ui(XaQ):pi(ﬁfo)Jrzz‘:pi(1*5)17+:ci. (5)

Consistency condition in Proposition 3 requires
z; = (1= 6)v; + dui(x,q) (6)
and hence (5) yields the first result. Plugging the first result into (6), the second result follows. O

In unanimity games, each player always immediately forms a grand-coalition and the expected
payoff is proportional to her recognition probability. More precisely, for each state m € II and each
active player ¢ € N™, her value in the state is 7 = §vp] and her expected payoff in the initial state
is p;v.

Proposition 4. Let (N,v) be a unanimity game. For any (N,v,p,d), there exists a grand-coalition

equilibrium and the equilibrium payoff vector is unique.

Proof. For any two-player game, it is clearly true. As an induction hypothesis, suppose the statement
is true for any less-than-n-player game. Now consider an n-player game (N,v,p,0). Let dop be a
value profile with ] = dvp] for each m € Il and ¢ € N™. Let q be a formation strategy profile with
gfr(N™) =1 foreach m € Il and i € N7.
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Step 1: (§vp,q) is an equilibrium.
For any non-initial state 7, the strategy profile is an equilibrium in the subgame due to the
induction hypothesis and Lemma 2. We need to verify (6Up,q) is an equilibrium in the initial
state. First, consistency condition in Proposition 3 is hold by Lemma 2. Second, for each i € N
and S C NV,

(#,9)

ei(S,0vp) =x; " —xg = sup'S) — §opg = 0.

However, ¢;(N,dvp) = v — 0opy = (1 — §)v > 0, and hence forming a grand-coalition satisfies

optimality condition.

Step 2: The equilibrium payoff vector is unique.
Let (x,q) be an equilibrium. Again we need to check the uniqueness only for the initial state.
Suppose (z,q) is an equilibrium in the initial state. If ¢ = g, then Lemma 2 implies x = 6up,
which yileds the same equilibrium payoff vector. Suppose that there exists i € N such that

q;(S) > 0 with S € N. Then this equilibrium is inefficient and hence it must be zy < §v. Also
(@,5)

’s optimality condition requires that z, —xg > v —xpn. The induction hypothesis implies

that éops — xg > v — x. Putting xn < 60, we have
xg < dvps — (1 — §)w. (7)
On the other hand, letting Q; = >\ x Pk D_gcn @k (S)L(j € S), for each j € S, we have

uj(x,q) > pj(0—zN)+ Qjz; + (1 - Q;)dp;v
> pj’t_) + Qj (.’ﬂj — 5pj’l_)). (8)

Since du,;(x,q) = x;, rearranging (8), we have z; > dp;0. Since this inequality holds for any
j € S, summing this over S, it follows xg > éUps. However, this contradicts to (7). Therefore,

for all i € N, it must be ¢;(N) =1 in any equilibrium. O
Now we prove impossibility of grand-coalition equilibria for non-unanimity games.

Proposition 5. Suppose (N,v) is not a unanimity game. For any p, there exists 6 < 1 such that, for

all § > 0, a bargaining game (N,v,p,8) has no grand-coalition equilibrium.

Proof. Since (N, v) is not a unanimity game, there exists S C N such that v(S) > 0. By superaddi-
tivity, for all k € N\ S, we have v(N \ {k}) > 0. Suppose (x,q) is an efficient equilibrium. Take any
i € S. Player #’s optimality condition requires e;(N,x) > e;(N \ {k},x) or

mgi’N) —xN > xgi’N\{k}) — N + Tk ©))
(i,N)
a two-player game, and hence Lemma 2 yields xgi’N\{k}) =o(N\{k})+ (1 —px) (0 —v(N\{k})).
(&,N) (&N\{k})

% %

First, Lemma 2 implies that x = v and xp = Opr0. Secondly, i’s (N \ {k})-formation induces

Plugging zy, « ,and x into (9), we have

5> o(N\ {k}) + 6(1 — pi) (8 — o(N \ {k})) + 3pyo.
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Rearranging the terms, it follows
(1=6)p < (1=0(1 = pr))v(N\ {k}). (10)

As § — 1, the left-hand side of (10) converges to zero; while the right-hand side is strictly positive

uniformly on §. More precisely, letting 6 = (1_pk;’£€\;\,\\{?k};) vt for all § > §, forming a grand-coalition

is not optimal for i, and hence (x,q) cannot be an equilibrium. O
The following result is a direct consequence of Proposition 4 and Proposition 5.

Corollary 1. A bargaining game (N, v,p,0) has a grand-coalition equilibrium for all discount factors

if and only if (N, v) is a unanimity game.

4.2 Efficient Equilibria with Multiple Efficient Coalitions

In previous subsection, we focused on a grand-coalition equilibrium, which is a special class of efficient
equilibria. If the grand-coalition is a unique efficient coalition, then an efficient equilibrium must
be a grand-coalition equilibrium. In this subsection, we consider underlying games with multiple
efficient coalitions. That is, the maximum surplus can be generated by strict subcoalitions other than
a grand-coalition. Hence strict subcoalition may be formed as a terminal state in efficient equilibria.
Proposition 6 generalizes the inefficiency result into games with multiple efficient coalitions. That
is, if there exists an essential player, then an efficient equilibrium is impossible for a sufficiently high

discount factor.

Proposition 6. Suppose (N,v) has an essential player and it is not a unanimity game. There exists

§ < 1 such that for all § > § any efficient strategy profile (x,q) cannot be an equilibrium.

Before we prove this proposition, we need three lemmas, which show lower-bounds of players’
payoffs under the assumption of an efficient equilibrium. Lemma 3 shows that players get at least
some positive part of their marginal contribution to a grand-coalition in addition to their stand-alone

value, when the grand-coalition is the unique efficient coalition.

Lemma 3. Suppose (N,v) has a unique efficient coalition. If (x,q) is an equilibrium of (N,v,p,d),
then for alli € N
ui(x,q) > v({i}) + 6N 72p; (0 — (N \ {i})).

Proof. If [N| = 2, then there exists a unique equilibrium which is efficient, and hence Lemma 2 implies
the result as an equality. As induction hypothesis, suppose the result holds for any less-than-n-player
game. Consider (INV,v) with a unique efficient coalition and |[N| = n. For all j € N and S C N;
with |S| > 2, the subsequent game (NU-%) ¢(U:5)) has a unique efficient coalition and the induction
hypothesis yields, for all i € N \ S,

uxq) > oI} + 5P (0 — v (N {i}))
= o({i}) + 0" 3pi(v — v(N \ {i})) (11)
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Using consistency condition and (11), now we calculate the lower bound of u;(x, q).

ui(x,q) > pi-O—l—ij qu(S) (]l(ieS)xi—&—]l( ¢ S)x US)

jJEN SCN

> Qi (( S)v({i}) + dui(x, q))
Qi) (1= 8)v({i}) + 0 (v({i}) + 8" 7p] (v — v(N \ {i}))))
= 5Qzuz( Q) + (1= 0Q:)v({i}) + (1 = Q:)a" (v — v(N \ {i})),

where Q; = > cnPj 2oscn 45 (S)L(i € S). Rearranging the terms, the inequality yields

wla) = ol{i}) + a2 - v\ (i)

> w({i}) + 6" (0 —o(N\ {i})),

as desired. ]
Lemma 4 provides a lower bound for each essential player under assuming an efficient equilibrium.

Lemma 4. Suppose (x,q) is an efficient equilibrium. For any k € K,

4]

T =
k 1_

_ k _
6pk(v —TK) = p—xK > opi0.
PK

Proof. Since any essential player must be offered no matter who makes a proposal, for each k € K,

we have ug(x,q) = pp(0 — k) + zk, or equivalently due to consistency
(1 = 0)zk = opi(v — vk), (12)

which implies the first equality. Summing (12) over K, we have (1 — §)xx = dpk (U — 2k ). Plugging
this into (12) again, we have the second equality part. Since uy(x,q) < o, we have zx < zny < 6

and hence (1 — §)xg > dpr(1 — 0)v, which implies the inequality part. O

The Lemma 5 shows that all non-essential players get almost nothing as the discount factor closes
to 1, under any efficient equilibrium. This lemma is a generalized version of Winter (1996); he showed
that non-veto players get nothing in equilibria for the class of simple games with a uniform recognition
probability and no dummy player. However, we will use this lemma to show a contradiction in an
efficient equilibrium. That is, when players have buyout options, even non-essential players get strictly

positive payoff uniformly on discount factors, and hence efficient equilibria is impossible.

Lemma 5. Suppose (x,q) is an efficient equilibrium. If K # (), then xx converges to v and T\

to 0 as d — 1.

Proof. Suppose (x,q) is an efficient equilibrium. Each non-essential player j € N \ K must form a
coalition K U {j}. Thus player j’s payoff is u;(x,q) = p;(v — 2x — x;) + p;jx;. Multiplying 0 to

both sides and rearranging terms, we have z; = p;(0 — zx). Summing this over N \ K, we have
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TN\K = 6pN\K(17 — xi ). For essential players, by Lemma 4, we have zx = %px(z’) — xf). Since

(x,q) is efficient, uy(x,q) = v and hence zy = dupn(x,q) = dv. Altogether, we have

__ TN _ TKHIN\K _ U—TK _
V=% =""7% = K<1_5)+pN\K(U TK).
Since v is bounded and pg > 0, “71_ I must be bounded and the result follows. O

Now we are ready to prove Proposition 6. There are three possible cases. First, the essential
players can be an efficient coalition by themselves, that is, v(K) = v(N). Otherwise, the essential
players need some other players’ cooperation to form an efficient coalition, that is, v(K) < v(IN). The
second case is, in addition to v(K) < v(N), when there exists k¥’ € K such that v(N \ {£'}) > 0. In
the last case, we consider the case that v(K) < v(N) and v(N \ {k}) = 0 for all k£ € K. In each case,

we observe different strategic reasons which yield inefficiency.

Case 1: K ¢ E

In this case, K needs non-essential players’ cooperation to form an efficient coalition. Then non-
essential players form a coalition to become a new essential player in the subsequent game, rather
than directly forming an efficient coalition.

Proof of Proposition 6 (Case 1):

If K ¢ E, then v(K) < v. Hence, there exists A # () such that A € A. Take i € A and suppose (x,q)
is an efficient equilibrium. Player ¢’s optimality condition requires that e;(K U A,x) > e;(N \ K, x),
which is

ﬁ—xK—xAZin’N\K)—xN—i—xK. (13)

After i’s N \ K-formation, no dummy player exists any more and there is only one efficient coalition

in the subsequent state. Thus Lemma 3 implies that

Y

D— g — x4 (N \ K) 4 01721 — pg) (0 — v(K)) — zn + 2K

SEI2(1 — pic) (0 — 0(K)), (14)

V

(146)v -2z —x4a

where the second inequality comes from zy = 07 in an efficient equilibrium. Due to Lemma 5, as
d — 1, the left-hand side of (14) converges to 0; while the right-hand side is strictly positive, which

yields a contradiction. O

Case 2: K € E and there exists k¥’ € K such that v(N\ {k'}) >0

Note that if K € E, then there are at least two distinct essential players k, k' € K; otherwise a
singleton is an efficient coalition, which contradicts to zero-normalization. If D = {), then N is the
unique efficient coalition, which we discussed in the previous subsection. Hence we assume that D = ().
Also if K € E, then K is the unique minimal efficient coalition and D = N \ K. We will show that at
least one of essential players can be better off by excluding the other essential player if all the players

are supposed to play efficient strategies.
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Proof of Proposition 6 (Case 2): Take k € K such that k # k’. Let (x,q) be an efficient equilibrium.
Player k’s optimality condition implies that ey (K,x) > ex(N \ {k’'}, x), that is,

V—Tg > xl(ck’N\{k/}) — TN\{k'}- (15)
Since k’s N \ {k’}-formation yields a two-player game, k’s value in the subsequent state is

e NMED — (N (B)) + 8(1 = i) (B — w(N \ {K'}). (16)

Plugging (16) into (15), we have

(175(17})]«))@7%]{ > (175(17pk/))v(]\7\{k/})—xNJr:ck/
(L+ope)v—2x = (1=0(1—pp))o(N\{K'}) + 21
v—ax > (1=0(1—pp))v(N\{E}),

where the second line comes from efficiency zny = §7; and the third line is due to Lemma 4. However,
by Lemma 5, the left-hand side converges to 0 as § — 1; while the right-hand side is strictly posi-
tive. O

Case 3: K € Eand Vk e K v(N\{k})=0

If (N \ {k'}) = 0 for all ¥’ € K, then it may not be profitable for any essential player k to exclude
other essential player k’. In this case, we show that it is profitable for & € K to form a coalition with
all the dummy players rather than forming an efficient coalition.

Proof of Proposition 6 (Case 3):

First, we find an strict inequality which holds independently on 6. Since |K| > 2, we have px > pi
and hence (1 — px)(px — pr) > 0. Rearranging terms and using pp + px = 1, it follows that

1—pp—pr<1-2&. (17)
PK

Now suppose (x,q) is an efficient equilibrium. Take any k& € K. Player k’s optimality condition
implies that ex(K,x) > e(D U {k},x), that is,

V— TR > scgc’DU{k}) —xp — Tk. (18)

After k’s DU{k}-formation, no dummy player exists any more and there is only one efficient coalition

in the subsequent state. Thus Lemma 3 implies that
v—ax >v(DU{E}) + 8% pp + pr) (0 — v(K \ {k}) — 2p — x4 (19)

Since v(K \ {k}) =0 and = f-xx due to Lemma 4, (19) yields

(1f5\K|71(pD+pk))@+xD > <1§f<> TK. (20)

Due to Lemma 5, as § — 1, (20) requires that 1 —pp —py > 1 — 5—}’“{, which contradicts to (17) O
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The following corollary is a direct consequence of the proof of Proposition 6. The corollary states
the inefficiency result with respect to the final coalition; while Corollary 2 states about delay in an

equilibrium.

Corollary 2. Suppose (N,v) has an essential player and it is not a unanimity game. There exists
§ < 1 such that for all § > & a non-minimal efficient coalition occurs in the terminal state with positive

probability in any equilibrium.

4.3 Simple Games

We apply the result to simple games. Given a set of players N, a class of subsets W C 2% is a set of

winning coalitions if
i) {i} € W for all i € N; and
ii) Se Wand S C S imply S ¢ W.

A characteristic function form game (N,v) is simple if v(S) = 1 for all S € W and v(S) = 0
otherwise.!® Let W™ = {S € W | (Vi € S) S\ {i} € W} be a set of minimal winning coalitions,
V =NW a set of veto players, and D = N \ (UW™) a set of dummy players. We also define a set of
auziliary coalitions A ={ACN\V | AUV € W™}. First, we re-state our main inefficiency results

to simple games with transferable recognition probabilities.

Corollary 3. Let (N,v) be a simple game with a veto player. A bargaining game (N,v,p,0) has an

efficient equilibrium for all discount factors if and only if it is unanimous.

Corollary 4. Let (N,v) be a simple game with a veto player and multiple winning coalitions. In an
equilibrium of (N,v,p,d), there exist 6 < 1 such that, for all § > &, a non-minimal winning coalition
forms with positive probability in the terminal state. Furthermore, the equilibrium expected payoff

vector is not in the core.

5 Non-transferability of Recognition Probabilities

We have assumed that the initial recognition probabilities are transferable so that when they trade
their resources and rights, they also trade their chances to be a proposer as well. With transferable
recognition probabilities, our result verified that efficient equilibria do not exist if the underlying
game is a non-unanimity game with an essential player. The inefficiency comes from players’ strategic
decision on coalition formation. To be concrete, when each player chooses a coalition, they consider
three different effects to choose a subcoalition: 1) combining resources, 2) changing coalition structure,
and 3) increasing the chance to be a proposer. The first one generates a surplus in the current period,

and the other two effects work for the future bargaining power and the expected payoft.

18Simple games are introduced by von Neumann and Morgenstern (1944). See Shapley (1962) for mathematical
properties of simple games.
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Now we eliminate the last effect of coalition formation and investigate the role of recognition
probabilities. Assume that players’ recognition probabilities are their innate right which cannot be
traded. That is, each proposer inherits other respondents’ resources but not their chances to be a
proposer. With non-transferable recognition probabilities, instead of (1), we define the recognition
probabilities in any state m in the following way:

S if i e N
pF =< Dkenw Pk (21)
0 otherwise.
Remark. In Gul (1989), every meetings are always randomly selected equally likely in any coalitional
state. That is, the initial recognition probability is uniform and players cannot trade their recogni-
tion probabilities. The uniformity and non-transferability of recognition probabilities are crucial to
implement the Shapley value. He also considered an alternative environment, namely a partnership
game, to observe the implementation is not robust. One can view his partnership game environment
as a special case in which the initial recognition probability is uniform and players can trade their

recognition probabilities.

If we do not allow players to trade their recognition probabilities, in a broader class of characteristic
function form games, an efficient equilibrium exists. We characterize a sufficient condition for efficient
equilibria. In this section, we assume that a grand-coalition is a unique efficient coalition. Thus, in
any efficient equilibrium, a grand-coalition must be always immediately formed. For any 7 € II and
S C N7, let [S]x =3 ;c5lilx. Also define v™(S) = v([S]x) =3¢ 5 v([j]x), which represents additional
surplus by S-formation in 7. Note that v™(N™) = ¢
that for all m € Il and ¢ € N™,

- Zjer v([j]x). Define a value profile X such

z7 = v([i]x) + op7v™ (NT). (22)
Lemma 6. For allm €1l, i€ N™, and S C N; such that |S| > 2,
el (NT,X) > el (8,%) < v"(NT) > pI(S;d)v™(S),

L —p& +pj —0p;
(1 =0+ 3p%)(1 = p§ + p}) — op]
Proof. Fix m € II, 4 € N™, and S C N; with |S| > 2. Using (22), calculate eI (N™, %) and e (5, X):

where pF(S;0) =

eT(NT,X) = ©— %,
= 5= > wllil) — BT (V)
= (1- (), (23)
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and

= v([S]w)+5LW o= > o(lile) + D v(lila) — o([S]x)

L=ps+pi JENT j€S
= D2 olil) + dpFeT(NT)
jes
Di Pi
= | ———— — UWN”Jr(lJ)vWS. 24
(1—ps+pi ps) () 1 —ps+pi (5) 29
From (23) and (24), we have the desired result. O

Proposition 7. Suppose that players cannot transfer their recognition probabilities. There exists
an equilibrium in which a grand-coalition is always immediately formed in all states for all discount
factors, if and only if, for all ™ € 11, i € N™, and S C N; such that |S| > 2,

1
pg — Py

) = () on(s) (25)

Proof. Suppose q constructs an equilibrium. Due to Lemma 2, the corresponding value profile is

uniquely determined as defined in (22). By Lemma 6, optimality condition implies for all 4,
v™(N™) > pT(S;8)v™(9).

Observe that pgiPT' > pT(S;4) for all § < 1, and pF(S;0) — pgip,_, as § — 1. This completes the

necessary condition. Now suppose that for all # € II, i € N™, and S C N; such that |S| > 2, the

inequality (25) holds. Then it can be easily shown that a strategy profile (X,q) satisfies optimality

condition and consistency condition for all 4. O
The following lemma is the special case in which the initial recognition probability is uniform.

Corollary 5. Suppose that all the active players are selected as a proposer equally likely in any state.
There exists an equilibrium in which a grand-coalition is always immediately formed in all states for
all discount factors, if and only if, for all m € Il and S C N such that |S| > 2,
VT(NT) 0 (S)
INT| TSI =1

(26)

Proposition 7 and its corollary provide sufficient conditions for a grand-coalition equilibrium. A
grand-coalition equilibrium requires that all the players form a grand-coalition only in the initial state.
As long as players are supposed to form a grand-coalition immediately, their strategies in proper
subgames do not effect on efficiency. In other words, players threat each other by some inefficient
strategies along off-equilibrium paths to support an efficient equilibrium. In Proposition 7 and its

corollary, we investigate a stronger notion of efficiency; it requires efficiency even in off-equilibrium
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paths.'® Thus the condition in Proposition 7 is a sufficient condition for a grand-coalition equilibrium
to exist. Thus, with non-transferable recognition probabilities, if larger coalitions produce more, then
the grand-coalition is always immediately formed.

The condition may not be a necessary condition. Characterizing a necessary condition for a grand-
coalition equilibrium seems complicated in general with non-transferable recognition probabilities.
However, at least for three-player games, the condition in Proposition 7 (and its corollary) is also a
necessary condition for a grand-coalition equilibrium. For any non-initial non-terminal state in three-
player games, there are only two active players and hence they form a grand-coalition as long as it is

the unique efficient coalition.

Example 3. N = {1,2,3}; and v(S) = |S| if |S| > 2, and v({i}) = 0 for all « € N. Without buyout
options, players always immediately form a grand-coalition for all § < 1. Now suppose players have
buyout options. With non-transferable recognition probabilities, an efficient equilibrium exists if and

only if § < % If recognition probabilities are transferable, it exists if and only if § < %

Remark. Proposition 7 implies that efficiency can be improved by banning players from trading recog-
nition probabilities. If they trade their recognition probabilities, then they can expected stronger
bargaining power in the subsequent game by forming a transitional subcoalition rather than imme-
diately forming an efficient coalition. Thus, the effect of transferability of recognition probabilities
on efficiency may be negative. However, this effect can be positive when cooperation restrictions are
imposed. As discussed in Lee (2013), efficiency can be improved by allowing for players to trade their
recognition probabilities in network-restricted unanimity games. This is because, with cooperation
restrictions, externalities on recognition probabilities are involved if they cannot trade recognition
probabilities. That is, when a player forms a subcoalition, the recognition probabilities of the players
out of the coalition also increase. Such externalities make players defer forming a coalition and behave

inefficiently.

6 Application I : Simple Games
6.1 Three-player Simple Games

As an application, we study three-player simple games. Let N = {1,2,3} be a set of players. For any
m € II such that |[N7| = 2, by a standard two-player random-proposer model, there exists a unique
subgame perfect equilibrium, which is a cutoff strategy equilibrium with 7 = épT and ¢7(N™) =1
for all ¢ € N™. Thus specifying strategies (z,¢) in the initial state is enough for stationary subgame
perfect equilibria of three-player games.

We characterize a equilibrium payoff vector for three cases depend on the number of veto players.
As examples, we investigate three-party weighted majority games. A tuple [w*; wq, wa, ws] represents

a three-party weighted majority game, in which each party has w;, ws, and ws votes (or voting

19This notion is called subgame efficiency by Okada (1996).
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strengths) and w* votes are required to win. Suppose that the initial recognition probabilities are

proportional to their votes, and hence p = (;}“}1’ , 1’5—;, ;”—;)

The proofs appear in Appendix B.1.

6.1.1 No veto player

If there is no veto player, then any two-player coalition is a winning coalition, that is, W™ =
{{1,2},{1,3},{2,3}}. Furthermore, in an equilibrium (z, ¢), no matter who proposes first, the winning

coalition will be formed immediately, and hence uy(x,q) = 1, or equivalently, zy = d.

Proposition 8. Let (N,v,p,0) be a three-player simple game with no veto player. If (x,q) is an

equilibrium, then r1 = xo = x3 = g.

Remark. This result does not depend on the initial recognition probability p and the discount factor

0. This equilibrium payoff vector coincides to both the Shapley-Shubik power index and the core-

constrained Nash bargaining solution.

Remark. All the players get the same equilibrium payoff if and only if either all the players are veto
or none of them is veto. Recall that if all players are veto in simple games, then it is a unanimity

game.

Example 4. Consider a three-party weighted majority game [5;4,3,2] and the initial recognition

probability is (2,3 %) Since any two parties can win and no party is veto, the equilibrium expected

payoffs are (%, 9%, 9%), independently on §.
6.1.2 Single veto player
Suppose only player 1 is veto and W™ = {{1,2},{1,3}}. .
Proposition 9. Let (x,q) be an equilibrium of a three-player simple game with W™ = {{1,2},{1,3}}
and p = (p1,p2,p3) as d — 1.
i. (Strong Solidarity.) If p1 > L, then ¢2({2,3}) = ¢3({2,3}) =1 and

_nB-2pm)
= —"
2-pm

o2
, and X9 =1x3= w
2—pm
it. (Weak Solidarity.) If p1 < %, then 0 < ¢2({2,3}) <1 and 0 < ¢3({2,3}) < 1, and

_1+2p
3 b

11—
and X9 =13 = 3p1.

T

Remark. This limiting equilibrium payoff vector depends only on the veto player’s recognition proba-

bility and the two non-veto players payoffs are the same no matter what their recognition probabilities
2 11
37676
vector Lorenz-dominates the Shapley-Shubik power index if and only if p; < %

are. Note that the Shapley-Shubik power index for this game is ( ). Thus, the equilibrium payoff
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This Model Gul \ Okada \

Buyout Options (0] 0] O X
Strategic Formation (0] 0O X (0]
Transferable Recog. Prob. 0] X X N/A
W = {{1,2},{1,3},{2,3}} (%7%7%) (%’%’%) (%’%’%) (%7%’%)
W = {{1,2},{1,3}} (3.3.3) (3.5:8) (3.58) (1,0,0)

W = {{1,2}} (5:53) (3:3,0) (3:3,9) (3:3,9)
W= (V) GiH [ Gih | 61D [Gi)
LW =23k 03 ) | Gopdes) | e ) | Gt i) [ (20,30 |
Table 1: The limiting equilibrium payoff vector for simple games
* Any permutation of (%, %, %) can be an equilibrium payoff vector.

Example 5 (Weak Solidarity). Consider a three-party weighted majority game [6;4,3,2] with p =
(%, g, %) Since the veto party’s weight is less than %, the smaller two parties form a union each other
with positive probability but less than 1 when they are supposed to propose. The limiting equilibrium

payoff vector is (31,2, 2).
Example 6 (Strong Solidarity). Consider a three-party weighted majority game [4;3,2,1] with p =
(%7 %7 %) Since the veto party’s weight is %, the smaller two parties always form a union each other
2 1 1

when they are supposed to propose. The limiting equilibrium payoff vector is (5, 5> 6)'

6.1.3 Two veto players
Suppose that player 1 and player 2 are veto and player 3 is dummy, that is, W™ = {{1,2}}.

Proposition 10. Let (z,q) be an equilibrium of a three-player simple game with W™ = {{1,2}} and
p = (p1,p2,p3) as 6 = 1. Then q1({1,3}) > 0 and ¢>({2,3}) > 0, and

$1=p1+pf3, $2=p2+@, and x3

_»
3 3 '

3
Remark. Even a dummy player can expect a strictly positive payoff, since his chance to be a proposer

is valuable.

Example 7. Consider a three-party weighted majority game [5;3,2,1] with p = (%, %, %), that is,

the two large parties are veto and the smallest party is dummy. The limiting equilibrium payoffs are
(9,2 1)

187187 18/"
6.2 Inequality Comparison

In this subsection, we compare the limiting equilibrium payoff vector with other models. Interestingly,
allowing buyout options and strategic coalition formation can reduce inequality of payoff distribution
for three-player simple games. As in Gul (1989) and Okada (1996), we assume that the initial recog-

nition probability is uniform, that is, all the players can be a proposer equally likely.
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Note that if a bilateral meeting is randomly selected as in Gul (1989), the the limiting equilibrium
payoff vector coincides to the Shapley-Shubik power index except for the case of W™ = {N}, that
is all players are veto. On the other hand, as in Okada (1996), if players have no buyout options,
then it coincides to the core-constrained Nash bargaining solution. Due to Proposition 8, 9, and 10,
we have the limiting equilibrium payoff vectors with transferable recognition probabilities. We can
also calculate the payoff vector when players cannot trade their recognition probabilities. In fact,
for three-player simple games with non-transferable recognition probabilities, the limiting equilibrium
payoff vector coincides to the Shapley-Shubik power index.?° The results are summarized in Table 1.

If there is no veto player, that is, W™ = {{1, 2}, {1, 3}, {2, 3}}, all the models expect an egalitarian
allocation, in which each player gets % If all players are veto, then the payoff vector in the random-
bilateral-meeting model is Lorenz-dominated by the others. That is, depriving players of strategic
coalition formation yields not only inefficiency but also inequality.?!

For the other cases, by allowing strategic formation and buyout options (with transferable recog-
nition probabilities), the equilibrium payoff vector Lorenz-dominates the others. That is, if players
can freely trade their all the resources and rights including the chances to be a proposer and they can
strategically choose their partners to bargain, then the outcome alleviates the inequality relative to
both the Shapley-Shubik power index and the core-constrained Nash bargaining solution.

At least for three-player simple games, when players cannot trade their recognition probabilities,
buyout options do not reduce the inequality. However, for a 4-player game, buyout option may reduce

inequality even with non-transferable recognition probabilities.

Example 8 (4-player Simple Game with Transferable Recognition Probabilities). Consider a 4-player
simple game with N = {1,2,3,4} and W = {{1,2,3},{1,3,4}, N}. That is, odd players are veto and
they need at least one even player to win. In a symmetric equilibrium, odd players form a minimal
winning coalition, either {1,3,4} or {1,2,3} with probability % for each. On the other hand, even
players always form {2,4} each other. The limiting equilibrium payoff is % for odd players and % for

even players.

Example 9 (4-player Simple Game with Non-transferable Recognition Probabilities). Consider the
same 4-player simple game. Their equilibrium coalition formation strategies are the same as in trans-
ferable recognition probabilities case. However, even players’ payoffs are worse off. For instance, if
player 2 buys out player 4 (but not takes player 4’s recognition probability), then player 2 can be
a proposer with probability % (instead of %) in the subsequent three-player game. As a result, the

limiting equilibrium payoff is 1—78 for odd players and 1—28 for even players.

Recall that the Shapley-Shubik power index for this game is 1—52 for an odd player and % for an
even player. Note that this power index is the equilibrium payoff vector of Gul (1989)’s model. Thus,

20For zero-normalized three-player characteristic function form games with N = {1,2,3}, if v({1,2}) + v({2,3}) +
v({1,3}) > v(N), then the limiting equilibrium payoff vector converges to the Shapley value. However, this is not true
in general for four-or-more-player games. See Section 8.1 for discussion.

21See the example in Gul (1989) p.86 for detail. However, this inefficiency and inequality disappear when player can
trade their recognition probabilities.
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allowing strategic coalition formation instead of random bilateral meeting as in Gul (1989), the weak
players get more payoffs. We conjecture this inequality reduction by buyout options and strategic

formation is generically true for simple games. We leave this issue as a future research question.

7 Application II : Wage Bargaining and Labor Union

We consider a three-player game, which is called an employer-employee game. Let N = {1,2,3} and
v: (2N \{0}) = R:

1 ifS=N
v(S)=1qa if § ={1,2},{1,3},
0 otherwise,

where 0 < a < 1. Player 1 represents an employer or a firm; and player 2 and player 3 represent
employees or workers. a refers the first worker’s product and 1—a reflects the second worker’s marginal
product. For extreme cases, if a = 0, then the game is unanimous; and if a = 1, then the game is a
simple game with a single veto player.

In the first subsection, we study efficiency and inequality as varying the common discount factor
0 < § < 1, with fixing @ = 1 and the uniform recognition probability (%, %, %) When § > g, the
workers form a union with positive probability, which causes inefficiency but reduces inequality. In the
second subsection, we investigate the effect of the recognition probability, for fixed a = 1 and 6 — 1.
The less likely workers are recognized, the more likely they form a union. In the last subsection, we
compare our equilibrium payoff vector to other cooperative solution concept, such as the Shapley value
and the core-constrained Nash bargaining solution as varying 0 < a < 1. We observe that allowing

strategic coalition formation can reduce inequality.

The proofs appear in Appendix B.2.

7.1 Inefficiency and Inequality

If @ = 1, then there exists a unique core allocation, in which the market clearing wage is zero and
the firm takes all the surplus. We assume a uniform recognition probability, that is, each player
can be selected as a proposer with probabilities % Again we focus on specifying strategies for the
initial coalitional state 7°. Suppose two workers are identical, we assume symmetric strategies for
the workers. An equilibrium (z, ) is symmetric if 29 = 3, g2 = g3 and ¢1({1,2}) = ¢1({1,3}). In a

symmetric equilibrium (z, q), the excess surplus for each coalition is:
e c({1,2},2) =e({1,3},2) = 1 — (w1 + 22);
e ¢({2,3},x) = x§2’{2’3}) — 219 = %5 — 2x9; and
e ¢(N,z)=1— (z1 — 2x29).

Since x5 > 0 in an equilibrium, forming N is strictly dominated by forming either {1,2} or {1,3} and

hence ¢1({1,2}) = ¢1({1,3}) = 3. Since we assume symmetric strategy for workers, for notational
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u Efficiency Loss
Welfare: uq + 2us k

)

(a) Equilibrium Payoffs: Workers’ payoff is greater than
their Shapley value; Firm’s payoff is less than its Shapley
value. If they have no buyout options (dotted lines), then
equilibrium payoff vector converges to the unique core al-
location.

1
1 (I1<{112}) :ql({173})
2
q?({213}) = Q3({273}
(0] 6 1 0

7

(b) Coalition Formation Strategies in an Equilib-
rium: Workers form a union with a positive probability
and the probability is strictly increasing, if § > g. If the
players have no buyout options (a dotted line), then workers

never form a union and directly chooses a firm to bargain.

Figure 2: A Wage Bargaining Game (a =1 and p = (3, 3, 3))

simplicity, let gos = ¢2({2,3}) = ¢3({2,3}) be the probability that a worker makes a proposal to
the other worker. If the proposal between workers is accepted, then a union is formed. Note that
the union itself produces nothing, but it could increase workers’ bargaining power by unifying their

negotiation channel to the firm.
Proposition 11. There are two types of symmetric equilibria depend on 6.

i. (No Solidarity.) If § < g, then each worker always makes an offer only to the firm and the

equilibrium expected payoff is ui(0) = 627—*555 for the firm and u2(8) = % for each worker.

it. (Weak Solidarity.) If § > g, then each worker makes an offer to each other with strictly positive

probability but less than 1. As § — 1, ga3 converges to % and the limiting equilibrium payoffs are
(é 2 2)
929°9)"

Note that the unique core allocation is (1,0,0) and this allocation. If the players have no buy-

out option as Okada (2011), then the second type of equilibria (Weak Solidarity) is impossible.

Hence, without buyout options, for all 0 < § < 1, the equilibrium expected payoff vector must

2—5 2—-25 2-26
be (6755’ 6-567 6-50

each player, non-core allocations can be obtained as an equilibrium. See Figure 2.

) and this converges to the core allocation. However, allowing buyout options to

Remark. With non-transferable recognition probabilities, the limiting equilibrium payoff vector is

(211

35 5), which coincides to the Shapley-Shubik power index. See Figure 4 (b).
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(a) Equilibrium Payoffs: Workers’ payoff is strictly positive
as long as their recognition probabilities are strictly positive.
If they have no buyout options (dotted lines), then workers’
equilibrium payoff converges to 0 and the firm takes all the
surplus, independently on their recognition probabilities, as
long as 6 — 1.

1 a2({2,3}) = g3({2,3})
Strong Solidarity Weak Solidarity
a2({2,3}) =1 <¢({2,3}) <1
1] edi2h)=a(l,3h
2
2]
O 1 1

o=

4 3

(b) Equilibrium Payoffs: The less likely workers are recog-
nized, the more likely they form a union. If p2 < i, then work-
ers always form a coalition each other. If they have no buyout
options (a dotted line), then workers never form a union and
directly chooses a firm to bargain.

Figure 3: A Wage Bargaining Game (a =1, 0 < ps = p3 < %, and § — 1)

Remark. When the workers do not make an offer each other, the winning coalition will be formed
immediately and hence the sum of equilibrium expected payoffs must be 1, no matter what § is, as
long as § < g. However, if g < 0 < 1, there must be efficiency loss, that is, the sum of equilibrium

expected payoffs is strictly less than 1.

7.2 The effect of workers’ recognition probability

In this subsection, we assume that the recognition probability is (1 — 2p, p, p), that is each worker can
be selected as a proposer with probability 0 < p < % For ease of exposition, fix a =1 and § = 1. In

a symmetric equilibrium (z, ¢), the excess surplus for each coalition is:
e e({1,2},2) =e({1,3},2) =1 — (21 + 22);
e ¢({2,3},2) = x§2’{2’3}) — 2x9 = 2pd — 2w9 = 2p — 2x9; and
o ¢(N,z)=1— (z1 — 2x29).

Since § = 1, note that x; = u; for each i € N and xy = uy = 1. Again, forming N is dominated

and hence ¢1({1,2}) = ¢1({1,3}) = % At 6 = 1, for any positive workers’ recognition probability,
each worker form a labor union with positive probability, due to Theorem 1. Now we show that if the
workers’ recognition probability is lower than a certain level, then they form a union for sure whenever

they are supposed to propose.
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Proposition 12. There are two types of equilibria depend on p.

i. (Weak Solidarity.) If% <p< %, then each worker makes an offer to each other with probability

Q23 = Q32 = % and the equilibrium expected payoff is

1 4 2 2
3p7 3p, 3p .
it. (Strong Solidarity.) If p < %, then each worker makes an offer to each other with probability 1

and the equilibrium expected payoff is

) 8p2 4p2 4p2
1+2p" 1+2p" 1+2p)°

Ifp= i, each worker form a union with probability 1 and its equilibrium expected payoff coincides
to the Shapley value of the underlying characteristic function form game. As p — %, that is the firm
has little chance to propose, the equilibrium expected payoff converges to the eqalitarian solution, in
which all the players split the surplus equally. As p — 0, that is workers has little chance to propose,
the equilibrium payoff vector converges to the core allocation.

Figure 3 illustrates the effect of buyout option comparing the result with standard models which
have no buyout option. In random-proposer models without buyout option, as § — 1, the equilibrium
payoff must be in the core as long as the core is nonempty. More specifically in Okada (2011), if
0 — 1, workers’ payoff is always zero no matter what workers recognition probability. However, as

the result of buyout option, workers can form a union and increase their bargaining power by unifying

their negotiation channel, and hence they can get a wage more than their marginal product.

7.3 General Cases

In this subsection, we investigate the role of buyout options when a varies between 0 and 1. First,
we consider the limiting equilibrium payoff vector with transferable recognition probabilities. As we
discussed in Example 2, strict subcoalitions are formed with positive probability in any equilibrium
as long as a > 0. Thus, the equilibrium payoff vector is generically different from the core-constrained
Nash bargaining solution, which can be implemented when a grand-coalition is always immediately

formed. See (a) in Figure 4.

Example 10 (Employer-Employee Game with Transferable Recognition Probabilities). The limiting
equilibrium payoff is % for the firm and ?”T“ for each worker. Thus, the equilibrium wage (each
worker’s payoff) is strictly higher than the Shapley value for any a > 0. If a < %, then the core is
relatively large and hence the core-constrained Nash bargaining solution assigns a higher value to each
worker than the equilibrium wage in this model. However, if a > %, that is the core is relatively small,

then the equilibrium payoff vector Lorenz-dominates the core-constrained Nash bargaining solution.

However, when players cannot trade their recognition probabilities, the limiting equilibrium payoff
may coincide with the core-constrained Nash bargaining solution, nucleolus, or the Shapley value,

depend on a. See (b) in Figure 4.
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Figure 4: A Wage Bargaining Game: Equilibrium Wage (p = (3,3, %) and § — 1)

Example 11 (Employer-Employee Game with Non-transferable Recognition Probabilities).

0o <a< %, then all the players get %, which coincides with the (core-constrained) Nash
bargaining solution, Note that the core is relatively large and all the players always immediately

form a grand-coalition. Thus, players do not exercise their buyout options.

i) If % <a< %, then the firm’s payoff is @ and each worker’s payoff is 1*7", and this coincide to
nucleolus. In this case, the firm is indifferent between immediately forming a grand-coalition and

sequentially hiring one by one, while each worker still prefers to forming a grand-coalition.

ii) If % < a < 1, then the firm expects HTG and each worker expects Q_T“. In this case, the excess
surpluses of all two-player coalitions are the same and greater than that of a grand-coalition.

Hence, the equilibrium payoff coincides with the Shapley value.

8 Concluding Remark
8.1 Marginalism and Egalitarianism

Among many cooperative solution concepts, the Shapley value is one of the best-known solutions.
After Shapley (1952), its various axiomatic properties have been studied. Due to Young (1985), it
is known that the Shapley value is the unique solution which is anonymous and marginalistic, that
is, each player’s value depends only on her own marginal contributions to the possible subcoalitions.
On the other hand, the notion of egalitarianism is also pervasive in the solution part of cooperative

game theory. In addition to the equal division rule, which is the simplest form of egalitarianism, the
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core-constrained Nash bargaining solution (or egalitarianism under participation constraints), which
is introduced by Dutta and Ray (1989), has received much attention.

Both of marginalism and egalitarianism are independently studied in noncooperative approaches.
As Gul (1989) showed, if bilateral meetings are randomly selected and each meeting ends in agree-
ment, then the stationary subgame perfect equilibrium payoff vector converges to the Shapley value.
Similarly, Chatterjee et al. (1993), if a grand-coalition is always immediately formed, then the equi-
librium payoff vector converges to the core-constrained Nash bargaining solution. As Okada (1996)
confirmed, the core-constrained Nash bargaining solution is robust with respect to protocols; however,
the Shapley value crucially depends on the extensive form game in which every bilateral meetings must
occur equally likely.??

At least for three-player games, with non-transferable recognition probabilities, our noncooperative
bargaining model provides an unifying framework of marginalism and egalitarianism. If the sum of
two-player coalitions’ worths is greater than the worth of the grand-coalition, that is, v({1,2}) +
v({1,3}) + v({2,3}) > v(IV), then the equilibrium payoff vector converges to the Shapley value. On
the other hand, if 22¥)

3
However, the equilibrium payoff vector does not coincide to the Shapley value in general for four-or-

> v(S) for all two-player coalition S, then it converges to the egalitarian value.

more-player games. If players can strategically choose a coalition to bargain, it is generically hard to
implement the Shapley value in a noncooperative bargaining model. If some coalitions are more likely
selected than the others by players, then all the marginal contributions are not equally evaluated.
Thus, the equilibrium outcome would be a version of marginalistic value can be implemented with
endogenously determined weights.

On the other hand, with transferable recognition probabilities, the equilibrium payoff vector of our
model generically Lorenz-dominates the Shapley value at least three-player games. The equilibrium
outcome has flavor of both marginalism and egalitarianism.?> Since players strategically choose a
coalition to bargain, only some subcoalitions are considered to be formed and some players’ marginal
contributions to certain subcoalitions do not affect to their final outcome. Moreover, when they
bargain within the endogenously selected coalitions, they split the surplus of the subcoalition in an
egalitarian way, as a discount factor converges to 1. In sum, coalitions are selected with respect to
endogenously determined weights and the surpluses of the selected coalitions are distributed according
to egalitarianism; but after forming a subcoalition, bargaining continues and only the marginal parts of
surpluses are considered in subsequent bargaining games. We conjecture that the equilibrium outcome

in our model reduce inequality for general characteristic function form games.

22For instance, if they can trade their recognition probabilities, then some meetings occur more frequently. See the
partnership game in Gul (1989).

23To compromise marginalism and egalitarianism in an axiomatic approach, couples of cooperative solution concepts
have been introduced, for instance, solidarity value (Nowak and Radzik, 1994) and sequentially two-levelled egalitar-
tanism (Lee and Driessen, 2012). For some non-concave games in which the Shapley value is not in the core, those
solutions select a core allocations.
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8.2 Cooperation Restrictions

Our model effectively explains players’ alliance behavior which yields transitional subcoalitions and
strategic delay in an equilibrium. In addition to strategic reasons, on the other hand, a transitional
coalition could also be formed due to cooperation restrictions for some physical, linguistic, or informa-
tional reasons. After Aumann and Dreze (1974), cooperative games with cooperation restrictions have
been studied extensively. Our noncooperative model is quite flexible so that cooperation restrictions
can be embedded in the following way.

Each i € N has a set of feasible coalitions S; such that S € S; impliesi € S C N. Let S = X;enS;
be a cooperation structure. A triple (N, v,S) is an underlying characteristic function form game with
cooperation restrictions. In each period, then a proposer i € N chooses a feasible coalition S € S; to
bargain given the cooperation structure. Evolution rule for cooperation structure in the subsequent
states can be defined in various way. In this paper, we have assumed all the players can form any
coalition that contains himself, that is, S, = {S C N | i€ S} for all i € N.

One specific cooperation structure is imposing bilateral meetings by defining S; = {{i,5} | j € N}.
That is, in each period a proposer can form a bilateral meeting as in Gul (1989), but a proposer
strategically chooses his or her partner. Gul (1989), Hart and Levy (1999), and Gul (1999) show that
when the bilateral meeting is randomly selected an equilibrium outcome is converges to Shapley value
as the discount factor closes to 1 under certain conditions on a characteristic function form game.
It would be interesting to investigate a condition in which the noncooperative model with strategic
decision on choosing the partner implements Shapley value.

A cooperation structure is occasionally represented by a network, and such a situation is modeled as
a network-restricted game by Myerson (1977). That is, given a network (or a graph) g = (N, E), where
E is a set of communication links in N. Then players can communicate only with their neighbors,
that is, S; ={i € SC N |Vj € S\ {i} iy € E}. The companion paper, Lee (2013), studies network-
restricted games and shows, for a network-restricted unanimity, an efficient equilibrium exists for all

discount factors if and only if the underlying network is either complete or circular.
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Appendices

A Proofs for Section 3

A.1 Proposition 1

We prove Proposition 1 in the following three steps.
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Step

Step

Step

A.2

1: Let (a, B) be an arbitrary stationary strategy profile. There exists a value profile x induced
by (e, B).

Fix ¢ € N and (a—;,3-;), that is all the other players except for ¢ play the given stationary
strategy. Then the player i’s problem is to find i’s optimal strategy for a stationary discounted
dynamic programming. By the fundamental theorem of stochastic dynamic programming, for
every state m € I1, 7 has a optimal strategy and it induces a value for i. Furthermore, the optimal
strategy of ¢« maximizes the expectation of the sum of the current payoff and the discounted value

of next period’s state, that is the optimal strategy of i is also stationary. O

2: Let (o, B) be an SSPE and x be the induced value profile. For all w € 11, the partial strategy
profile (o™, 8™) is an initial-state stationary subgame perfect X™ -equilibrium.

Denote O = {O[ﬂ—,}rr’eﬂhﬂ 6|7r = {Bﬂ—,}ﬂ"eﬂ‘wv a™ = (e7Ps U {aw}v and IBW = /B\Tr U {Bﬂ—} The
fixed strategy profile (e, 3) induces a value profile x. For each state m, ™ depend only on
X|r, &, and B7. Since (a,3) is an SSPE, the corresponding partial strategy profile (a™, ™)
satisfies the period optimality condition (2) with respect to x™. Thus, (o™, ™) is an initial-state

stationary subgame perfect x™-equilibrium. O

3: If there exist (o, 3) and x such that x is induced by (a, B) and, for all # € T, (o™, 8™) is
an initial-state stationary subgame perfect x™-equilibrium, then (o, 3) is an SSPE.

If a coalitional state 7 is efficient, then the game ends and each active player i € N™ gets v([i],)
from that period on. If a coalitional state 7 is inefficient, then it must be n(r) > 2. For 7 € II

with n(7r) = 2, there exists a unique subgame perfect equilibrium of I'™, for all i € N,

of(h) = (NT,z™) for all h € H(w); and
T(h) = i
pEn) {0 otherwise,

where 27 = (1 — §)v([i]x) + Ipfv(N) for each i € N.

Now we consider an arbitrary inefficient state = € II such that n(w) > 3. Suppose, for all the
succeeding states 7 € I, (a”/ , ﬁ”/) is an SSPE of the subgame with 7’ and it induces the value
of state ™ . To show that (a™,8™) is an SSPE of the subgame with 7, suppose all the active
players except for an arbitrary ¢ follow the stationary strategy profile (a™,,87,). The player 4
faces a stochastic dynamic programming and hence ¢ has an optimal strategy which maximizes
the current return plus the sum of discounted future values, or equivalently, solves the condition
(2). Therefore, if (o™, ™) is an initial-state stationary subgame perfect x"-equilibrium of the

subgame starting with 7, then (a™,3™) is an SSPE of I'".

Induction argument completes the proof. O

Proposition 2 and Proposition 3

Lemma 7. Let (o, 3) be an SSPE and x be the induced value profile. For all m € II, ZjeNW zj <
v(N).
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Proof. Fix m € II. (a™,B7) is an initial-state stationary subgame perfect x™-equilibrium of the
subgame starting with 7. Thus, for all j € N™, it must be w;(h,a™, 37, x™) > x7 and hence we have
Z w](ha aw7ﬁﬂ7xw) Z Z x;r

jENT JENT
The left-hand side, the sum of expected payoffs of all the active players must be less than or equal to
v(N). Suppose, for contradiction, Y ;- 2] > v(N). This yields that >,y wj(h,a™, 7, x) = 1,
and hence we have w;(h, ™, 7, x™) = x7 for all j € N7, since w;(h, o™, 87,x™) > 27 for all j € N™.

However, this contradicts that 7 is inefficient. O]
Lemma 8. For all ™ €11, i € N, and h € H () such that

i) 1SK)S(Fl?’g(h) =1; and

i) (Vee S(h)\{¢(h)}) £>1i = ye(h) >z,
the current proposal (S(h),y(h)) will be implemented for sure in any SSPE.

Proof. Fix w € II and we divide the proof into two cases.

Case 1: i = n.

subcase 1-1: Suppose that n & S(h) \ {¢(h)}. It must be 57 (h) = 1 no matter what y,(h). Thus,
the outcome at the history of h’ = (h,r,) must be o(h’) = (S(h),y(h)), that is, (S(h),y(h)) will

be implemented for sure.

subcase 1-2: Suppose that n € S(h) \ {¢(h)}. If fT(h) = 1, then the outcome at the history of
h = (h,r,) is o(h') = (S(h),y(h)), and hence the player n’s payoff at the state is y,(h). If
Br(h) < 1, then the outcome at the history of h' = (h,r,) will be o(h') = 7 with positive
probability, and hence they face the same state 7 in which the player n’s value is 2. Thus, for

the player n, 87 (h) = 1 is optimal at the history h and hence (S(h),y(h)) is implemented.

Case 2: 1 <n—1.

As induction hypothesis, suppose that, for all j > i and all h € H(n) if X r¢(h)=1]| and
1<6<j—1

[(Vﬁ e S(M\{o(h)}) > j = yu(h) > xﬂ, then (S(h),y(h)) is implemented for sure.

subcase 2-1: Suppose that ¢ € S(h)\ {¢(h)}. It must be 57 (h) = 1 no matter what y;(h). Thus, the
outcome at the history of A’ = (h,r;, -+ ,7,) must be o(h') = (S(h),y(h)), that is, (S(h),y(h))

will be implemented for sure.

subcase 2-2: Suppose that i € S(h) \ {¢(h)}. If BF(h) = 1, then the outcome at the history of
B = (hyriy-- 1) is o(h') = (S(h),y(h)), and hence the player i’s payoff at the state is y,, (h).
If 7 (h) < 1, then the outcome at the history of h' = (h,r;, -+ ,r,) will be o(h') = 7 with
positive probability, and hence they face the same state 7 in which the player i’s value is z7.
Thus, for the player i, 87 (h) = 1 is optimal for the player i at the history h and hence (S(h), y(h))

is implemented. O
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Lemma 9. For all ™ €11, i € N, and h € H () such that

i) X re(h)=1; and
1<e<i—1

i) (30 e S(h)\{p(h)}) £>1i and ye(h) < z7,
the current proposal (S(h),y(h)) will never be implemented in any SSPE.

Proof. Fix m € II and we divide the proof into two cases.

Case 1: i =n € S(h)\ {¢(h)} and y,(h) < aT.

If 7 (h) < 1, then the outcome at the history of A’ = (h,r,) will be o(h’) = (S(h),y(h)) with positive
probability, and hence the player n’s payoff at the state is y,(h), which less than the stationary
value 7. Thus, S7(h) = 0 is optimal for the player n and the current proposal (S(h),y(h)) is not
implemented.

Case 2: i < n — 1. As induction hypothesis, suppose that, for any h € H*"!(7), if 1<)§<'7’g(h) =1
and there exists j € S(h) \ {¢(h)} N {j > i+ 1} such that y;(h) < a7, then the proposal '(_é(h),y(h))

will not be implemented.

subcase 2-1: If there exists j € S(h) \ {¢(h)} N {j > i+ 1} such that y;(h) < zJ, then by the
induction hypothesis, the proposal (S(h),y(h)) will not be implemented no matter what 57 (h)

is.

subcase 2-2: Suppose that y;(h) > 27 for all j € S(h) \ {#(h)} N{j > i+ 1}. It must be i €
S(h)\ {#(h)} and y;(h) < aF. For all continuation histories of (h,r; = 1), (h,r; = 1,741 = 1),
ey (hyry =1, s = 1), i B (R =1, yrey =1) > 0forall ¢ =i+1,i42,--- ,n, then
BT (h) = 0 is optimal for the player ¢ and the proposal (S(h),y(h)) will not be implemented. If
there exists £ =i+ 1,i+2,--- ,n, such that 7 (h,r; =1,--- ,r,—1 = 1) = 0, again the proposal
(S(h),y(h)) will not be implemented no matter what 87 (h) is. O

For any S € 2V, define an allocation §° € X as j]f =z7 forall j € S and gjf = 0 otherwise.

Lemma 10. Let (a,3) be an SSPE and x be the induced value profile. For all w € Il and h € H(~),
if ag(h)(S, y) > 0 then S € Dg(h)(x) and y = §°. Furthermore, every proposal is implemented for
sure and the proposal gain of ¢(h) is my ) (x).

Proof. Fix m € Il and h € H(w). First, by Lemma 9, the proposal gain of ¢(h) in an SSPE (a, 8) is
less than or equals to mg(h)(x). Suppose, for contraction, that the proposal gain of ¢(h) in an SSPE
(e, B) is strictly less than mg (x) and let af ) be the proposal strategy. There must exist (S,y)
such that ag(h)(S, y) > 0 and y; > 7 for all j € S and y;» > z7, for some j € S. By Lemma 8,
¢(h) can be strictly better off by slightly decreasing j’ share in the proposal, which is a contradiction.
Thus, for all player i € N™, the proposal gain of the player ¢ in an SSPE («, 8) equals to m7 (x). For
the proposal gain m7(x) in order to be obtained, the player i must make a proposal (S, 7) for any
S € P;(NT), that is, the player i chooses S in DF(x). O
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Proof of Proposition 2: Let x be the value profile induced by an arbitrary SSPE («, 3).

Case 1: For 7 € [l with n(7) =2, '™ = (N™,v,p", d) has a unique subgame perfect Nash equilibrium,
in which the active players play cutoff strategies.

Case 2: Counsider 7 € II with n(7) > 3. As induction hypothesis, suppose for all the succeeding states
7' € I, there exists a cutoff strategy SSPE (x™,q") of I™ = (N™ ,v,p™ ,8). Now we show that
(x™,q7) is a cutoff strategy SSPE of I'". By Lemma 10, since the proposed allocation is determined
by x, a player i’s proposal strategy in 7 can be represented by ¢F € A(DF(x)), which is a proposal
cutoff strategy. Since this proposal must be implemented for sure by Lemma 10, an active player i’s
expected payoff when ¢ is not selected as a proposer must equal to the value of current state, that
is, 2T = (1 — 0)v([i]x) + duT (x™,q™). Since all the active proposer plays a cutoff proposal strategy,
for all i € N™ and all h € H*"!(m) such that i € S(h)\ {¢(h)}, player i’s optimal response strategy
is BF(h) = 1 if y;(h) > «T and otherwise 87 (h) = 0. Thus all the respondents follows the cutoff
strategies. O

Proof of Proposition 3:

(only-if part) Suppose (x,q) is an SSPE. Consider 7 € Il and ¢ € N™. By Lemma 10, the player i’s

?(i’s) - me, and hence it must
jes

be ¢7 € A(DF(x)). When ¢ is supposed to response, ¢ can get at most (1 — 0)v([i]r) + dul (x,q) by

equilibrium proposal strategy must maximizes the proposal gain z

rejecting any proposal. Thus in equilibrium, each respondent must indifferent between accepting and
rejecting, which requires that 27 = (1 — §)v([i]z) + duT (x,q).

(if part) Suppose all the players except ¢ follow the given cutoff strategies (x_;,q—;). For any =
such that i € N7, if 27 = (1 — d)v([i]«) + duT(x,q), then it is impossible for ¢ to deviate profitably
from the given response strategy. When ¢ is supposed to propose, forming a subcoalition which is not
in D7 (x) is not optimal for . On the other hand, a proposer i can propose a grand coalition, in which
i’s proposal gain is

x?(i”Nﬂ) - Z z7 =v(N) - Z x> v(N) —v(N) =0,
JENT JENT

where the first equality is from the fact 7(i, N™) is efficient; and the inequality is from Lemma 7.
Thus, given x, we have m7(x) > 0 and the proposer i always has a strictly positive proposal gain as
long as the current state is inefficient. That is, making an acceptable proposal is strictly better than
a proposal which will be rejected. Therefore, in an SSPE, a proposal i makes a proposal (S, 7°) with
S € A(DF(x)), which is the proposal cutoff strategy. O

B Proofs for Applications

B.1 Three-Player Simple Games

Lemma 11. Let (z,q) be an equilibrium of a three-player simple game. For all § € (0,1] and all
1€ N, z; >0.
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Proof. First, suppose for contradiction 7 > 0 and 2 = x3 = 0. It must be Da(z) = {{2,3}} and
player 2 can form a winning coalition with player 3 without any cost. Hence us(x,q) > ps > 0 is
strictly positive and hence the expected payoff x5 = dua(x, ¢) > 0 is also strictly positive, which yields
a contradiction. Now suppose that 1 > 0, 29 > 0, and 3 = 0. Then it must be ug(x, q) > p3(l —x2).
Since x5 < §, we have uz(x, q) > 0, which contradicts that z3 = 0. O

Proposition 8. Let (N,v,p,0) be a three-player simple game with no veto player. If (x,q) is an

[

equilibrium, then 1 = x2 = x3 = 3.

Proof. Suppose for contraction that z; > z2 and x1 > x3. It must be that Da(x) = D3(x) = {{2,3}}
and N & Dy(z). Denote that g12 = ¢1({1,2}) and g13 = ¢1({1,3}). Then we have

ui(r,q) = p1(l - qr272 — q1373),
us(r,q) = po(l —x3) + (p3 + qrap1)22,
ug(z,q) = p3(1 —x2) + (p2 + qi3p1)Ts.

Summing up, since q12 + ¢13 = 1, we have uy (z,q) = 1 — p3za — paxs < 1, which is a contraction. [

Lemma 12. Let (N,v) be a three-player weighted majority game with (p,w*) and there is a single
veto player. Let (xz,q) be an equilibrium. If § =1, then xo = x3.

Proof. Suppose x2 > x3. Only three cases are possible.
Case 1: e({23},2) > e({13},2) > e({12}, z).
It must be g13 = g23 = ¢32 = 1. Thus, the players expected payoffs are:

vy = pi(l—x3);
Ty = pa(p2 +p3 — x3) + paxa;
xg = p3(p2+ps—x2)+ (p1 + p2)Ts.

The second equation yields (p1+p2)z2 = pa(p2+ps—2x3) and the third equation yields x3 = pa+ps—22.
Combining two conditions, we have p; = 0, which is a contradiction.

Case 2: e({13},2) > e({23},2) > e({12}, 2).

It must be ¢13 = g235 = g32 = 1. Thus, player 3’s expected payoff is

xg = p3(1 —x1) + (p1 + p2)zs.

Rearranging the terms, we have (1 — p; — pa)xs = (1 — x1)ps, which implies 21 + 23 = 1, or x5 = 0.
However, this contradicts to Lemma 11.

Case 3: e({13},2) > e({12},x) > e({23}, ).

It must be g13 = ¢g21 = ¢31 = 1 and this implies that a winning coalition must be formed immediately.

By Theorem 1, the underlying game must be unanimous, which is a contraction. O

Proposition 9. Let (z,q) be an equilibrium of a three-player simple game with W™ = {{1,2},{1,3}}
and p = (p1,p2,p3) as 6 — 1.
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i. (Strong Solidarity.) If py > %, then q2({2,3}) = ¢3({2,3}) =1 and

P1(3 —2p1) (1—p1)®
— d = = . 27
X1 p— and x9 =3 5 (27)
it. (Weak Solidarity.) If p1 < %, then 0 < ¢2({2,3}) <1 and 0 < ¢3({2,3}) < 1, and
1+2 1-—-
T = %, and 19 =13 = 3p1. (28)

Proof. i. (Strong Solidarity.) Suppose ¢23 = g32 = 1. It must be e({2,3},2) > e({1,2},z), or

T1 — To > p1. Since xo = x3 by Lemma 12, the veto player’s expected payoff is:

T, = pl(l —.’L‘g) +p2$52’{2’3}) +p3x§3’{2’3})
1 X
p1< (2 2>>+( p1)p1,

which yields (27). The condition x; — x2 > p; requires that pl(;’%}flpl) —

inequality, p; must satisfy —2p? +3p; — 1 > 0, or % < p1 < 1. This completes the proof of the first

17% > p1. Solving this

part.
ii. (Weak Solidarity.) Suppose 0 < g23 < 1 and 0 < g3 < 1. It must be e({2,3},2) = e({1,2},2) =
e({1,3},x), or &1 — x9 = p; = w1 — x3. Solving these equations with xnx = 1, we have (28). In this

case, the veto player’s expected payoff is:

1 = p1(l—x2)+po (%1331 + QQ3JJ§2’{273})) + p3 (931961 + Q32$§37{2’3}))

= p(l—ax)+rzy+(1—1)py —p%, (29)

where r = pago1 + p3qs1 > 0 is the probability that the veto player is nominated by other players.
Plugging (28) into (29), it follows that

14+ 2p; 1—p1 1+2p;
sz (1— 3 +r 3 +(1—7")p1_p%a

which yields r = 1 — 2p;. Since © > 0, it must be r =1 —2p; > 0, or p; < % This completes the
proof of the second part. O

Lemma 13. Let (z,q) be an equilibrium of a three-player simple game with W™ = {{1,2}}. If6 =1,
then

e({1,2},x) = e({1,3},2) = e({2,3},x).

Proof. Step 1: Suppose that e({1,2},x) > e({1,3},x). It must be e({2,3},z) > e({1,2},z), other-
wise Theorem 1 is violated. Thus, player 2 is always nominated by other players, and hence we have
29 > pa(1 — x1) + (p2 + p3)x2, or equivalently, x1 + x2 > 1 and x3 < 0, which is a contraction.

Step 2: Suppose that e({1,3},z) > e({1, 2}, ).

o If ¢({2,3},2) > e({1,2}, ), then player 3 is always nominated by other players, and hence

x3 =p3(1 —x1) + (1 — p3)xs, or 1 + x3 = 1, which is a contradiction.
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o If e({1,2},z) > e({2,3},x), then player 1 is always nominated by other players, and hence
1 =p1(1 —2x3) + (1 — p1)x1, or 1 + x3 = 1, which is a contradiction.

o If e({1,2},2) = e({2,3},2), then it must be 1 — 21 = py + p3 — x3, or p; + 22 = 1. Since
player 1 and player 3 do not nominate player 2, zo = pa(1 — 1) + (1 — p2)p2 = p2(2 — x1 — p2).
Plugging p; + z2 = 1, it follows o = ps. Thus, we have e({1,3},2) = p1 + p3 — 1 — 23 =
(1—p2)—(1—22) = 0. However, the assumption e({1,3},2) > e({1,2}, x) implies 1 —21 —25 < 0,

which is a contradiction.
Step 3: Suppose that e({1,2},z) = e({1,3},z). This condition implies that
l—zo=p1+ps—23=(1—p2) — (1 -1 —22) =21 + 22 — p2. (30)

If e({1,2}, ) = e({1,3},2) > e({2, 3}, x) then player 1 is always nominated by other players, which is
a contradiction again. If e({1,2},x) = e({1,3},x) < e({2,3},x), player 1 is not dominated by other

players, and hence x1 = p1(1 — 22) + (1 —p1)p1. Thus, with (30) and xy = 1, we have 21 = %,
Ty = 1;’fgp?, and z3 = %. Plugging them into the condition e({1,2},z) < e({2,3},z), that
is, 1 — 1 < pa + p3 — x3, it must be
3(1— 1 — 3p + 2p?
T il 2V IR P+ 2"
2—-p 2—-p

or equivalently, (2p — 1)> < 0, which is a contradiction. Thus, in an equilibrium, it must be
e({1,2},x) = e({1,3},2) = e({2,3}, x). O
Proposition 10. Let (z,q) be an equilibrium of a three-player simple game with W™ = {{1,2}} and
p= (p1,p2,p3) as 6 — 1. Then ¢1({1,3}) > 0 and ¢2({2,3}) > 0, and

V% D D
$1:p1+§3, $2:p2+§3, and $3:§3-

Proof. By Lemma 13, we have e({1,2},z) = e({1,3},z) = e({2, 3}, z). The first equation implies that

1—21—x9 =p1 +p3 —x1 —x3, Or T3 —x3 = po. The second equation implies that p; +p3 —x1 —x3 =

(31)

P2 + p3 — Ty — T3, Or 2T9 + T3 = pa + p3. Solving two conditions o — x3 = po and 2x5 + T3 = P2 + pP3
with zy = py = 1 yields (31). O
B.2 Wage Bargaining and Labor Union

Lemma 14. (Possibility of solidarity.) If 6 > g, each worker forms a union with a strictly positive

probability.

Proof. Suppose, for contradiction, ga3 = 0. It must be e(12,x) > e(23, x), that is,

2
1—§5Z$1—$2:6(U1—UQ). (32)
Since go1 = q31 =1 and q12 = 13 = %, their expected payoffs are:
1 2
TT— 5(1 — dug) + géulg and (33)
1 11
= —(1-9¢ ——dus. 34
Ug 3( uy) + 39 U2 (34)
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Solving (33) and (34), we have u; = % and ug = %. Plugging u; and wus into (32), it follows

76% — 275 418 > 0, which is § < . O

Lemma 15. (Impossibility of strong solidarity.) For all 0 < & < 1, each worker forms a union with

probability less than 1.

Proof. Suppose, for contradiction, gss = 1, then it must be e(12,2) < e(23,z). Since gaz = g32 = 1

and qi2 = q13 = %, their expected payoffs are:

1 2.1
up = g(l — dug) + 365; and (35)
1, .2 1 11
which yields u; = % and up = 1847‘535. With u; and wug, the condition e(12,x) < e(23, z), that
is, 1 — %5 < §(uy — uz), implies that 62 + 3§ — 6 > 0. However, this contradicts to 0 < § < 1. O

Proposition 11. There are two types of symmetric equilibria depend on 0.

i. (No Solidarity.) If 6 < g, then each worker always makes an offer only to the firm and the

equilibrium expected payoff is ui(0) = % for the firm and uz(d) = % for each worker.

ii. (Weak Solidarity.) If 6 > g, then each worker makes an offer to each other with strictly positive

probability but less than 1. As 6 — 1, qa3 converges to % and the limiting equilibrium payoffs are
(§ 2 2)
9°9>9)"
Proof. The first part is directly from Lemma 14. For the second part, assume that § > g By Lemma
14 and Lemma 15, then it must be 0 < ga5 = g32 < 1 and hence e(12, 2) = e(23,x), or equivalently

1-— 5%1 — 5”2 = 3(5 - 25”2. (37)

With ¢o3 = ¢392 and ¢12 = q13 = %, their expected payoffs are:

1 2 1

up = 5(1 — dug) + 3 <(Z2353 +(1- q23)5u1> ; and (38)
1 2 1 11

Uy = §(6§ — duz) + 3 (qa3dug) + §§5“2- (39)

Simultaneously solving the three equations (37), (38), and (39), the unique solution is:

V0% — 2853+ 13002 — 1806 + 81+ 62— 3

QQ3(5) = 4((5—1) 5
w@s) — YOI 180548138 +160 -1

' 3 (V0¥ — 2809 + 1300% — 1800 + 81 — 0% + 8 — 9)

) — 201 (/O3 007~ T800F 8T — 357 + 100 - 9)
u =

38 (V0T —288° + 13007 — 1804 + 81 — 62 +24 — 3)

Given this solution as a function of d, one can observe that go3(8) converges to 1; and uy(8) and ua(6)

converges to % and %, repectively. O
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Proposition 12. There are two types of equilibria depend on p.

1.

(Weak Solidarity.) If% <p< %, then each worker makes an offer to each other with probability

Q23 = Q32 = % and the equilibrium expected payoff is

1 4 2 2
3]77 3177 317 .
(Strong Solidarity.) If p < %, then each worker makes an offer to each other with probability 1
and the equilibrium expected payoff is

) 8p2 4p2 4p2
1+2p" 14+2p" 1+2p)°

Proof. 1. (Weak Solidarity.) Suppose that 0 < ga3 < 1. It must be e(23,z) = e(12, ), which implies

ii.

that z9 = %p. Each worker’s equilibrium expected payoff is

x2 = p(2p — 2) + pgasxa + (1 — 2p)qi2z2,

. . . 4 2 . .
WthhzlmplleS T2 = 175 5pg- 1t follows, with the condition €(23,2) = e(12,z), that z» =
Mﬁm = %p, or equivalently, g3 = %. Plugging ¢ = %’ we have xg = %p and
z1=1-2z3 =1— 4p. Since g3 = 1;jp is assumed between 0 and 1, it must be 0 < —1;3’ <1

This condition requires that i <p< %, which completes the proof of the first part.

(Strong Solidarity.) Suppose that gz = 1. It must be e(23,z) > e(12,x), which implies that

T9 < %p. Each worker’s equilibrium expected payoff is

Ty = p(2p — x2) + pr2 + (1 — 2p)q1272,

which implies x5 = 14%22[) and xy =1 -2, =1— %. Plugging x5 into the condition e(23, x) >
e(12,z), it must be lzﬁf’;p < %p, or equivalently, p < i. This completes the proof of the second
part. O
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