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a b s t r a c t

We consider two different approaches to describe the formation of social networks under mutual con-
sent and costly communication. First, we consider a network-based approach; in particular Jackson–
Wolinsky’s concept of pairwise stability. Next, we discuss a non-cooperative game-theoretic approach,
through a refinement of the Nash equilibria of Myerson’s consent game. This refinement, denoted as
monadic stability, describes myopically forward looking behavior of the players. We show through an
equivalence that the class of monadically stable networks is a strict subset of the class of pairwise stable
networks that can be characterized fully by modifications of the properties defining pairwise stability.

© 2010 Elsevier B.V. All rights reserved.

1. Costly network formation under mutual consent

The theory of network formation has been extensively studied
by economists and game theorists in the past decade. Following the
seminal contribution of Jackson andWolinsky (1996) that initiated
the game theoretic literature on network formation, a relatively
sparse strand in this literature has addressed the modelling of
mutual consent in link formation. This realistic criterion requires
that both parties actively communicate their agreement to the
formation of a link between them. We make a contribution to this
literature by investigatingmyopic forward-looking behavior under
costly communication in the context of a non-cooperative network
formation game.

✩ We would like to thank two anonymous referees, John Conlon, Dimitrios
Diamantaras, Hans Haller and Ramakant Komali for elaborate discussions on the
subject of this paper and related work. We also thank Matt Jackson, Francis
Bloch, Anthony Ziegelmeyer andWerner Güth for their comments and suggestions.
Part of this research was done at the Center for Economic Research at Tilburg
University, Tilburg, the Netherlands. Sudipta sarangi acknowledges the support of
US Department of Homeland Security under award number: 2008-ST-061-ND 001.
Previous drafts of this paper circulated under the title ‘‘Building Social Networks’’.
∗ Corresponding author at: Department of Economics, Louisiana State University,

Baton Rouge, LA 70803, USA.
E-mail addresses: r.gilles@qub.ac.uk (R.P. Gilles), sarangi@lsu.edu (S. Sarangi).

Myerson (1991) already considered a purely non-cooperative
approach to network formation under mutual consent—the so-
called ‘‘consent game’’. In this normal form game, every player
sends messages to all other players with whom she wants to form
a link. The links formed are exactly those for which both players
indicate their willingness to establish it. Myerson pointed out that
the resulting class of networks supported by Nash equilibria in
the consent game is very large and, thus, there is a substantial
indeterminacy problem concerning the non-cooperative approach
to network formation under mutual consent.

In this paperwe confirm this assessment for costly communica-
tion. Under strictly positive communication costs, the empty net-
work is always supported through a strict Nash equilibrium in the
consent game, in which no player sends a message to any other
player. Thus it is quite likely that myopic, selfish behavior may not
lead to the formation of meaningful, non-trivial social networks.

Next, within Myerson’s consent game we develop a belief-
based equilibrium concept — denoted as monadic stability —
for understanding a purely non-cooperative process of network
formation. To investigate the relationship between Jackson and
Wolinsky’s concept of pairwise stability and this non-cooperative
process of network formation, we explicitly assume that (i) players
use minimal information about the payoffs, and (ii) players are
boundedly rational. Unlike other models of strategic network
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formation, players need not be aware of the payoffs of all other
players associated with every other network. For any given
network g , a player only needs to know the payoffs associated
with the adjacent networks, i.e.; she only needs payoff information
concerning any change (creation or deletion) regarding her direct
links in g .

In order to make decisions, players form simple myopic beliefs
how other players will behave based on the benefits these players
expect to receive from their direct links. According to thesemyopic
beliefs, each player i assumes that another player j is willing to
form a new link with i if j stands to benefit from it in the prevailing
network. Similarly i also assumes that jwill break an existing link ij
in the prevailing network if j does not benefit from having this link.

What really makes these beliefs myopic is the fact that in this
process player i assumes that all other links in the prevailing net-
work remain unchanged. In otherwords, when evaluating one link,
players do not take into account the consequences of modifying
that link for benefits from other links for themselves and other
players. In our model, agents play a best response to their myopic
beliefs about what other players will do. Interestingly, we find that
the class of monadically stable networks in the consent game un-
der costly communication is a well defined subset of pairwise sta-
ble networks. Thus, it can be argued that the introduction of simple
myopic beliefs overcomes the unwillingness to form links induced
by the costly nature of communication and the selfishness incorpo-
rated into the Nash equilibrium concept within Myerson’s consent
game.1

Our paper represents a first attempt to explore the relation-
ship between non-cooperative game-theoretic models of network
formation and network-based considerations. We find that rela-
tively little information about payoffs coupled with myopic rea-
soning about the consequences of link formation leads to a class
of highly desirable pairwise stable networks. This contrasts with
results based on advanced reasoning about link formation, found
in the work on farsightedness in network formation. (Dutta et al.,
2005; Page et al., 2005; Herings et al., 2009).

Future work should further explore the role that is played
by larger, but imperfect amounts of information in network
formation. It should be clear from our findings that this research
should also focus on introducing belief structures that are more
sophisticated in nature. More advanced reasoningwill enable us to
get rid of one problematic feature ofmonadic stability—its possible
non-existence.

2. Models of network formation under mutual consent

In this section we introduce the basic concepts and notation
pertaining to networks. We follow the notation and terminology
set out in Jackson and Wolinsky (1996), Dutta and Jackson (2003),
and Jackson (2008).

Throughout we denote by N = {1, . . . , n} a fixed, finite player
set. We limit our discussion to non-directed networks on the player
set N . Formally, if two players i, j ∈ N with i ≠ j are linked, we use
the notation ij to describe the binary set {i, j} that represents this
undirected link. Thus, gN = {ij | i, j ∈ N, i ≠ j} is the set of all
potential links.

A network g on N is now introduced as an arbitrary set of links
g ⊂ gN . In particular, the set of all feasible links gN itself is called
the complete network and g0 = ∅ is known as the empty network.
The collection of all networks is denoted by GN

= {g | g ⊂ gN}.

1 We believe that these beliefs represent a form of confidence or trust in others
in this sense. In other words when a player takes a plunge into the deep in the form
of costly communication, she expects that the other player will help her out.

The set of (direct) neighbors of a player i ∈ N in the network g
is given by Ni(g) = {j ∈ N | ij ∈ g} ⊂ N . Similarly, Li(g) = {ij ∈

gN | j ∈ Ni(g)} ⊂ g is the link set of player i in g . We apply the
convention that for every player i ∈ N, Li = Li(gN) = {ij | i ≠ j} is
the set of all potential links involving player i.

For every pair of players i, j ∈ N with i ≠ j we denote by
g + ij = g ∪ {ij} the network that results from adding the link
ij to the network g . Similarly, g − ij = g \ {ij} denotes the network
obtained by removing the link ij from network g . This convention
can be extended to sets of links: If g ∩ h = ∅, we let g + h = g ∪ h
and for h ⊂ g we define g − h = g \ h.
We base our analysis on the hypothesis that for the formation of
a link between two individuals, both have to consent explicitly
to the formation of this link. We distinguish two fundamentally
different approaches to themodelling of consent in link or network
formation. First, one can consider equilibrium concepts based
on the network structure directly, formulating a network-based
approach.

Second, one can model link formation as the outcome of a non-
cooperative game, formulating a game-theoretic approach. In this
approach the players are driven by individual (game-theoretic)
payoffs derived from the network payoff function and game-
theoretic equilibrium concepts can be used tomodel the outcomes
of such network forming behavior.

Relationship building — formalized through the link formation
process — results in a network. Within a network, benefits for
the players are generated depending on how they are connected
to each other; thus, allowing for (widespread) externalities to
network formation. Formally, for every player i ∈ N , the network
benefit function σi:GN

→ R assigns to every network g ⊂

gN a gross benefit σi(g) that is obtained by player i when she
participates in network g .

For every player i ∈ N , we introduce individualized link
formation costs represented by ci = (cij)j≠i ∈ RN\{i}

+ . Here, for some
links ij ∈ gN it might hold that cij ≠ cji. Thus, the cost system
c describes the difficulty of communicating between players and
represents the costly nature of human interaction. Now, the pair
⟨σ , c⟩ represents the basic benefits and costs of link formation to
the players in N .

From ⟨σ , c⟩ we derive for every player i ∈ N a network payoff
function ϕi:GN

→ R by

ϕi(g) = σi(g) −

−
ij∈Li(g)

cij. (1)

The function ϕ assigns to each player the net proceeds from par-
ticipating in a network.

2.1. Network-based stability concepts

Jackson and Wolinsky (1996) introduced the idea that equilib-
rium in a network formation process is based on whether partic-
ipating pairs of players have incentives to delete existing links or
add additional links to the network. This approach has been de-
veloped further by Jackson andWatts (2002), Jackson and van den
Nouweland (2005), and Bloch and Jackson (2007).

The seminal concept in this network-based approach requires
that no player has the incentive to delete an existing link and for a
non-existing link no pair of players have common interests to form
this link. This ‘‘pairwise stability’’ concept can be defined in three
steps:
(i) A network g ⊂ gN is link deletion proof if for every player i ∈ N

and every link ij ∈ Li(g) it holds that ϕi(g) ⩾ ϕi(g − ij).
(ii) A network g ⊂ gN is link addition proof if for every pair of

players i, j ∈ N with ij ∉ g:ϕi(g + ij) > ϕi(g) implies ϕj(g +

ij) < ϕj(g).
(iii) A network g ⊂ gN is pairwise stable if g is link deletion proof

as well as link addition proof.
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