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Abstract. We introduce the study of social context games. A social
context game is defined by an underlying game in strategic form, and a
social context consisting of an undirected graph of neighborhood among
players and aggregation functions. The players and strategies in a social
context game are as in the underlying game, while the players’ utilities in
a social context game are computed from their payoffs in the underlying
game based on the graph of neighborhood and the aggregation functions.
Examples of social context games are ranking games and coalitional con-
gestion games. A significant challenge is the study of how various social
contexts affect various properties of the game. In this paper we con-
sider resource selection games as the underlying games, and four basic
social contexts. An important property of resource selection games is the
existence of pure strategy equilibrium. We study the existence of pure
strategy Nash equilibrium in the corresponding social context games. We
also show that the social context games possessing pure strategy Nash
equilibria are not potential games, and therefore are distinguished from
congestion games.

1 Introduction

Game theory has become a standard tool for the analysis of social interactions of
self-motivated agents.5 Naturally, social interactions may be complex and refer
to issues such as competition, coordination, and collaboration among agents.
The attitude of agents towards other agents is typically captured by their utility
functions. However, it may be of interest to separate the payoff the agent receives,
by means of e.g. delay, cost, etc., from his social attitude; this will allow to
study the possible effects that various social contexts have. Consider for example
several service providers who act on behalf of a set of customers. Each service
provider suffers a cost, caused by the need for sharing resources with other
service providers. This type of situations are typically modelled as a form of
congestion game. Indeed, such congestion games have been a central topic of
study in the interplay between computer science and game theory. However,
while these games capture the underlying situation, they implicity assume a
very particular social context, where the actual goals of each service provider is
5 We use the terms agents and players interchangeably.
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to minimize its own cost. In some situations it may be the case that the aim of
each agent is to have its payoff ranked as high as possible comparing to other
agents’ payoffs, as studied in [2]. Another example is when each agent cares
about the sum (or average) of payoffs of a set of agents in a coalition it belongs
to, as studied in coalitional congestion games [4, 5]. In our terminology the above
are examples of social contexts. Our aim is to study the effects of social contexts
on basic properties of fundamental types of underlying games.

Consider a resource selection game. In a resource selection game we have a set
of n agents, and a set of m resources. Each agent chooses a resource from among
the set of resources, and his cost is a non-decreasing function of the number of
agents who have chosen his selected resource. Needless to say, resource selection
games are central to work in various communities, such as operations research,
computer science, game theory and economics. A resource selection game is the
most famous type of congestion games [8]. A fundamental property of congestion
games is that they possess a pure strategy equilibrium. This result is implied by
the fact that congestion games possess a potential function. Indeed, the classes
of potential games and congestion games coincide [6]. Given the importance of
resource selection games, and the desire to consider various social contexts, we
will consider the existence of pure strategy Nash equilibrium when the resource
selection games are embodied in the following basic social contexts:

1. Rank competition: the agents are partitioned into cliques, where at each
clique the agents compete on the their relative payoff. This significantly
extends upon ranking games, where the whole graph is a single clique.

2. Best-Member Collaboration: there is a given social network, and each agent
cares about the highest payoff obtained by him or by one of his neighbors.
This is in the spirit of work in congestion games where an agent can choose
several resources and cares about the one with the best performance [7];
here the agent cares that either himself or one of his friends will behave (e.g.
provide a service) as good as possible.

3. Min-Max Collaboration: there is a given social network, and each agent cares
that the worst case payoff obtained by him or by one of his friends will be
maximized. This requirement is in the spirit of minmax fairness6 ; however,
it is stated as a social attitude rather than as a system requirement.

4. Surplus Collaboration: there is a social network, and each agent wishes to
maximize the average payoff of himself and his friends. This is in the spirit of
coalitional congestion games [4, 5]; however, here we allow arbitrary graphs
rather than a partition of the nodes into cliques.

In the following sections we deal with the social context games generated by
resource selection games and the above social contexts. We show:

– When the resources are identical then any Rank Competition resource selec-
tion game possesses a pure strategy equilibrium. This is no longer true when
the resources are non-identical.

6 Our particular treatment extends upon [3], by allowing arbitrary networks.
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– Any Best-Member Collaboration game possesses a pure strategy equilib-
rium whenever the size of the largest independent dominating set of the
corresponding graph is smaller than n

2 ; this condition is necessary.
– Any pure strategy Nash equilibrium is an equilibrium also in the correspond-

ing Min-Max collaboration game; the converse is not true.
– Pure strategy equilibrium does not always exist in surplus collaboration re-

source selection games, even with identical resources and when the graph
is a tree. We show a subset of the resource selection games where a pure
strategy equilibrium exists.

– We show that all social contexts games above do not possess a potential
function, and therefore they are not isomorphic to congestion games.

2 Basic Definitions

A game in strategic form (or, for short, a game) is a tupleH = (N, (Ai)i∈N , (ci)i∈N )
where N = {1, 2, . . . , n} is a finite set of players (aka agents), for every player
i ∈ N , Ai is the action set of player i, and ci : ×i∈NAi → R is player i’s cost
function. We denote by A = ×i∈NAi the set action profiles. For every subset
of the players S ⊆ N and every vector b = (b1, . . . , bn) we denote by bS the
vector (bi)i∈S where b−i = bN\{i}. An action profile a ∈ A is a Nash equilibrium
(or just an equilibrium7) if for every player i, ci(ai,a−i) ≤ ci(bi,a−i) for every
bi ∈ Ai.

Given an underlying game H, a social context game is generated by con-
sidering a neighborhood graph over the players, and aggregation functions that
determine how the game is effected by that graph. Formally, a social context is
a tuple F = (G, (fi)i∈N ), where G = (N,E) is an undirected graph, and for
every i, fi : G × RN → R is an aggregation function. The aggregation function
maps a payoff profile of the underlying game into a utility profile, as a function
of the graph structure. The aggregation function captures the agent’s social atti-
tude. Given an underlying game H = (N, (Ai)i∈N , (ci)i∈N ), and a social context
F = (G, (fi)i∈N ), a social context game S = S(H,F ) = (N, (Ai)i∈N , (ti)i∈N ) is
a game in strategic form, where N is the set of players, Ai is the set of actions
available to player i, and ti : A → R satisfies that ti(a) = fi(c1(a), . . . , cn(a))
for every a ∈ A.

To distinguish between the costs in the games H and S we will refer from
now on to the costs in H as immediate costs. Notice that the set of players and
the set of actions in the social context game are as in H. The following notation
will be useful for us. Denote by v(i) the set of neighbors of i in the graph G and
let g(i) = {i} ∪ v(i) be the group of player i.

Throughout this paper we study social context games with the following
aggregation functions:

1. Best-Member Collaboration: a player’s cost is the minimal immediate cost
in her group. Formally, fi(G, c = (c1, . . . , cn)) = minj∈g(i) cj .

7 We do not consider mixed strategies in this paper
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2. MinMax Collaboration: a player’s cost is the maximal immediate cost in her
group. Formally, fi(G, c = (c1, . . . , cn)) = maxj∈g(i) cj .

3. Surplus Collaboration: a player’s cost is the average of the immediate costs
of her group. Formally, fi(G, c = (c1, . . . , cn)) = 1

|g(i)|
∑

j∈g(i) cj .
4. Competitive Ranking: a player cares about his ranking among the players

within her group. We assume that each group is a clique of nodes, and
the graph is partitioned into cliques. We need a few notations. Let c =
(c1, c2, . . . , cn) be a tuple of immediate costs. Let li(c) denote the number of
players in g(i) that have a lower immediate cost than i, and let mi(c) denote
the number of players in g(i) with identical immediate cost as i in c. For
every player i, fi(G, c) = li(c) + bmi(c))

2 c.
Notice that the aggregation function simply counts the number of players
who obtain lower immediate costs assuming that ties are broken randomly.
This is a standard practice in work on ranking systems [1].

For convenience, we will overload notation, and write fi(G,a) to refer to
fi(G, (c1(a), . . . , cn(a))).

In this paper we focus on social context games in which the underlying game
H is a resource selection game. In a resource selection game there is a set of
resources R = {1, . . . ,m} and for every resource k ∈ R, wk : {1, . . . , n} → R+

is resource k’s cost function. Every player i’s action set is Ai = R. Finally, the
cost of a player in the game who chooses resource k is wk(l), where l is the
number of players that choose resource k; Formally, ci(a) = wai

(σai
(a)) where

σk(a) = |{j ∈ N : aj = k}| denotes the number of players that choose resource
k in a. We assume the resource cost functions are non-decreasing.

Resource selection games belong to a larger class of games called congestion
games. It is well-known [8] that every congestion game possesses a (pure strategy)
Nash equilibrium .

3 The Competitive Ranking Game

In this section we study social context games in which the aggregation function
is the competitive ranking function. We call such a game a competitive ranking
game. We will assume that the graph is a partition into cliques. Hence, every
player cares about her ranking (with respect to immediate costs) in her clique.
We assume there is some order over the cliques, t = 1, 2, . . . , T , where T ≥ 1.
Notice that the case T = 1 is the special case of ranking games [2].

Our main result is the following:

Theorem 1. Let S = (H,F ) be a competitive ranking game in which His a
resource selection game with identical resources, and G is a partition into cliques.
Then, there exists a Nash equilibrium in S.

Before the proof we need some preparations.

Definition 1. Let a be an action profile. Let i ∈ N . Resource j > (<)ai is a
right (left) improvement for player i in a if fi(G,a) > (<)fi(G, (j,a−i)). We
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say that player i has a right (left) improvement in a if there exist a resource j
which is a right (left) improvement for i in a.

Resource j is a minimal left improvement for i in a, if j is a left improvement
for i in a and there is no resource j′ < j such that j′ is left improvement for i
in a.

We say that there is a right (left) improvement in a if there exist a player i
which has a right (left) improvement in a.

Definition 2. An action profile a is ordered if for every pair of players i, i′ ∈ N
such that g(i) < g(i′) we have that ai ≤ ai′ .

As we deal with identical resources we let w() = wj() for every resource j.
Let v(i,a, j) denote the number of neighbors of player i that choose resource j
in the action profile a; that is, v(i,a, j) = |{i′ ∈ v(i) : ai′ = j}|.

The following Lemma is the key for the proof of Theorem 1.

Lemma 1. Let S be a social context game as in Theorem 1. Let k = b n
mc. Let

a be an ordered action profile such that σj(a) ∈ {k, k + 1} for every resource j.

1. fi(G, (j,a−i)) < fi(G, (j′,a−i)) only if v(i,a, j) > v(i,a, j′), σj′(a) = k + 1
and σj(a) = k.

2. Suppose there is no right improvement in a. If j′ is a minimal left improve-
ment for some player i, then there is no right improvement in (j′,a−i).

Proof. Note that part 1 follows immediately from the definitions. We next prove
part 2.

Let j = ai and let b = (j′,a−i). Note that b is ordered. Moreover since j′ is
a left improvement for i by part 1 we have that σj′(b) = k + 1 and σj(b) = k.
Suppose in negation that there exists a right improvement q′ for some player i′

in b. Let q = bi. Hence q < q′.
It must be that q = j′ or q′ = j since no other resource has changed in the

action profile a after i’s deviation to j′. We distinguish between the following
two cases:

1. q = j′: Suppose that i′ ∈ g(i). Therefore q′ 6= j otherwise j′ wouldn’t be a
left improvement for i in a. Assume q′ > j. Since q′ is a right improvement
for i′, by part 1 v(i′,b, q′) > 0. Therefore since b is ordered v(i′,b, j) = k,
which implies that v(i′,a, j) = k. By part 1 this is a contradiction to i having
a left improvement in a. Assume that q′ < j. Since q′ is a right improvement
for i′ in b by part 1 σq′(b) = k. Note that σq′(b) = σq′(a). Since a is
ordered and q′ > j′ v(i,a, q′) = k. Therefore q′ is a left improvement for i in
a, contradicting that j′ is minimal.
Suppose that i′ /∈ g(i). Since b is ordered we have that v(i′,b, q′) = 0,
contradicting part 1.

2. q′ = j: Suppose that i′ ∈ g(i). Assume that q > j′. Since a is ordered and
j′ < q < j, v(i′,a, q) = k. But v(i′,a, q) = v(i′,b, q). By part 1 this is a
contradiction to i′ having a right improvement in b . Assume that q < j′.
We have that v(i′,a, q) = v(i′,b, q). Note that
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v(i′,a, q) = v(i′,b, q) < v(i′,b, j) = v(i,a, j) < v(i,a, j′), (1)
where the equalities follow since q < j′ < j, the first inequality follows from
part 1 since j is a right improvement for i′ in b and the last inequality follows
since j′ is left inequality for i in a.
Moreover, since j is a right improvement for i′ in b, σq(b) = k+1. Therefore,
since σq(a) = k+1, together with (1) it follows that j′ is a right improvement
for i′ in a - a contradiction.
Suppose i′ /∈ g(i). Since b is ordered v(i′,b, j) = 0, contradicting part 1.

�
Proof of Theorem 1: Our proof is by construction. Let k = b n

mc. Note that
there exist an ordered Nash equilibrium in H in which on every resource there are
either k or k+1 players, and let a be such an equilibrium. Since the resources are
identical every permutation of the players in a is an equilibrium in H. Rename
the resources such that if j < j′ then σj(a) ≤ σj′(a).

If σj(a) = k for every j then by part 1 of Lemma 1 a is an equilibrium
in S and we are done. Observe by part 1 of Lemma 1 that there is no right
improvement in a. If there is no left improvement in a then a is an equilibrium
in S. Suppose there exist a player i that has left improvement in a. Let j be a
minimal left improvement for i in a and let a1 = (j,a−i). By Lemma 1 part 2
there is no right improvement in a1. If there is no left improvement in a1 then a1

is an equilibrium in S. Assume otherwise. Note that a1 is ordered. Construct a2

from a1 in a similar fashion as a1 was constructed from a. After each iteration
s there is no right improvement in as and as is ordered. Therefore since the
number of players and the number of resources are finite this process is finite
and we will eventually end with an equilibrium in S. �.

In the next example we show that Theorem 1 is not true when H does not
have identical resources.
Example 1. Suppose there is a single clique with 5 players. Let the underlying re-
source selection game have 3 resources with the following resource cost functions:
w1 ≡ (0, 8, 10, 100, 100), w2 ≡ (7, 100, 100, 100, 100) and w3 ≡ (0, 10, 100, 100, 100).
An action profile in which some resource is not chosen is not an equilibrium since
any player on a resource with 3 or more players is better of by choosing the empty
resource. In addition no action profile in which resource 2 is chosen by at least
two players or resource 3 is chosen by at least three players is not an equilibrium.
Let a be such that σ1(a) = 2, σ2(a) = 1 and σ1(a) = 2. Then a player i that
chooses resource 3 is better off choosing 1. Finally let b be an action profile in
which σ1(b) = 3, σ2(a) = 1 and σ1(a) = 1. In this case a player that chooses
resource 2 is better off choosing resource 3.
�

4 The Best-Member Collaboration Game

In this section we study social context games with the best-member collaboration
aggregation functions. We call such a game a best-member collaboration game.
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Recall that in such games every player wishes to minimize the minimal immediate
cost in its group. Before we state our main result we need the following definition:

Definition 3. Let G = (V,E) be an undirected graph. A subset of nodes Q ⊆ V
is called a dominating independent set if every node v ∈ V \ Q has an edge
connecting to a node in Q and no two nodes in Q are connected by a single
edge. The cardinality of the minimum dominating independent set is denoted by
i(G); i.e. the minimum dominating independent set in G is of size i(G) if there
exists a dominating independent set Q, |Q| = i(G) and every other dominating
independent set T satisfies |T | ≥ |Q|.

Theorem 2. Let S = (H,F ) be a best-member collaboration game in which the
underlying game H is a resource selection game. If i(G) < n

2 then there exists a
Nash equilibrium in S.

Proof. Let T ⊆ N be a dominating independent set in G such that |T | = i(G).
Let z = |N \ T |. By our assumption z > n

2 . Let j′ ∈ arg maxj wj(z − 1). Let
H(j′, T ) be the resource selection game with all resources inH excluding resource
j′ and the set of players is T . Let b be an equilibrium in H(j′, T ). Let a be the
action profile in which all players in T choose the same resource as they choose
in b and for every i ∈ N \ S, ai = j′. We claim that a is an equilibrium in
S. Let i be a player such that ai = j′. Since z > n

2 , for every resource j 6= j′,
σj(a) < z. Note that since T is a dominating independent set there exist a
player i′ ∈ g(i) such that ai′ 6= j′. Since aT is an equilibrium in H(j′, T ) then
ci((j,a−i)) > ci′(a) for every resource j 6= j′. In addition by the definition of
j′, wj′(σj′((j,a−i)) > ci′(a). Therefore i is not better off by deviating. Suppose
ai = j where j 6= j′. Since i has no neighbor in T and aT is an equilibrium in
H(j′, T ) deviating to a resource j′′ 6= j′ is not better off for i. Deviating to j′ is
also not better off for i by the definition of j′ and since z > σj(a). �.

We next provide an example for a social context game for which i(G) = n
2 ,

which does not posses an equilibrium in the best-member collaboration game.
This example implies that our theorem is tight.

Example 2. Consider the following best-member collaboration game: the set of
players is N = {1, 2, 3, 4} and in the underlying game H there are two identical
resources with strictly increasing cost functions. In the social context the graph
G has two cliques: players 1,2 and 3 form one clique, and player 4 is a singleton.
Clearly, i(G) = 2. W.l.o.g. let player 4 choose resource 2. If two or more of the
players from the first clique choose resource 1 then any one of these players will
benefit from deviating to resource 2. In any other case player 4 is better off
deviating to resource 1.

�
The following example shows that even if G is connected, the condition in

Theorem 2 is still necessary for the existence of Nash equilibrium.
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Example 3. Consider the following social context game. The set of players is
{1, 2, 3, 4, 5, 6}, H has two identical resources with strictly increasing cost func-
tions, and G has a 3-clique on players 1, 2, 3, and each of these players i ∈ {1, 2, 3}
has an additional edge to player i + 3; note that the degree of each vertex
i ∈ {1, 2, 3} is 3 and the degree of each vertex 4, 5, 6 is 1. Clearly, i(G) = 3.

We first observe that it is not possible that all three players 1, 2, 3 choose
the same resource. If they all choose resource 1, then no player among 4, 5, 6 can
also go to resource 1. Thus 4, 5, 6 choose resource 2. But then one of 1, 2, 3, say
3 has an incentive to change to resource 2.

Thus, we can assume w.l.o.g., that players 1, 2 choose resource 1, and player
3 is on resource 2. But then players connected to players 1, 2, namely 4 and 5
will necessarily go to resource 2, and player 6 connected to player 3 has to choose
resource 1. Let us call this configuration (and all such symmetric configurations)
a special configuration.

Having a special configuration as above, player 1 or 2, say 2, can improve
his cost by changing to resource 2. But having now players 2 and 5 together on
resource 2, player 5 will want to change to resource 1. This new configuration is
again special.

�

5 The MinMax Collaboration Game

In this section we study social context games in which the aggregation func-
tion is the minmax collaboration. We call such game a minmax collaboration
game. Hence, every player wishes to minimize the maximal immediate cost in
its group. Let S be a minmax collaboration game where the underlying game H
is a resource selection game. It can be observed that a necessary condition for a
deviation by a single player i to be beneficial is that player i has the maximal im-
mediate cost in g(i) before the deviation and strictly reduces its own immediate
cost after deviating. Therefore, we get:

Theorem 3. Let S = (H,F ) be a minmax collaboration game in which H is a
resource selection game. Then, NE(H) ⊆ NE(S).

However, there may exist a ∈ NE(S) such that a /∈ NE(H). To see this
consider three identical resources with strictly increasing cost functions, and a
graph which consists of two cliques both of size 4. Let a be the action profile
in which two players from each clique are on resource 1 and all other players
are on resource 2. Let i be a player on resource 1. Note that i has the maximal
cost in g(i). Clearly, deviating to resource 2 will increase i’s immediate cost. In
addition, note that deviating to resource 3 is not beneficial to i since there are
still two players in g(i) on resource 2. Similar arguments hold for a player i on
resource 2.
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6 The Surplus Collaboration Game

In this section we study social context games in which the aggregation function
is the surplus collaboration. We call such games surplus collaboration games. In
such games every player i wishes to minimize the average immediate costs in
g(i). We begin with a couple of negative results.

Proposition 1. There exist a resource selection game, and a surplus collabo-
ration social context, such that the corresponding social context game does not
possess a Nash equilibrium.

Proof. We will define a social context game with 4 players {1, 2, 3, 4} and 2
identical resources {1, 2}. Each resource has the same cost function (1, 5, 6, 6).
The graph G has a 3-clique on the vertices 1, 2, 3 and vertex 4 is an isolated
vertex (singleton).

We will show now that any assignment of the four players to the two resources
does not define a Nash equilibrium of this game. Suppose, w.l.o.g., that player
4 is assigned to resource 2 (the other case is symmetric). Now we consider the
following cases:

– Players 1, 2, 3 are on resource 2 together with player 4. This obviously is not
a Nash equilibrium.

– One of the players 1, 2, 3, say 1, is on resource 1, and players 2, 3 are on
resource 2. Then, the cost of player 4 is 6, and if 4 changes to resource 1,
then its cost drops down to 5. So this case is also not a Nash equilibrium.

– Two among the players 1, 2, 3, say 1, 2, are on resource 1, and players 3 and 4
are on resource 2. Then, the cost of player 2 is 5, but if 2 changes to resource
2 then its cost would be 1+6+6

3 < 5.
– All the players 1, 2, 3 are on resource 1, and player 4 is on resource 2. Then the

cost of any of the players 1, 2, 3 is 6. But if any of them changes to resource
2 its cost would drop to 5 < 6. Thus, again the starting configuration is not
a Nash equilibrium.

Observe that each of the new configurations after a player changes its strategy
leads again to one of the above cases. By symmetry this implies that there always
is a cost improving move. �

The example given in the proof of Proposition 1 is given for identical re-
sources, but uses a disconnected graph. The following example shows that there
may not be a NE even when the graph is connected and in particular is a tree.
The proof that the corresponding social context game does not possess a pure
strategy equilibrium is left to the full paper.

Example 4. Let SCG be a social context game with the following structure. Let
G be an undirected tree with one root and 6 children, and let H have 2 identical
resources with the cost function (1, 1, 2.9, 5, 5, 5, 5). W.l.o.g. let the root be on
resource 1. Let (k, 7 − k) denote the partition of the players on the resource
where k is the number of players in resource 1 (including the root). For every
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k = 4, 5, 6, 7 any child on resource 1 will benefit from deviating to resource 2
since he will get at most 2.9+5

2 which is lower than 5. If k = 3 the root benefit
from deviating since 5 ∗ 5 + 2 ∗ 1 < 2.9 ∗ 3 + 4 ∗ 5. If k = 2 then a child from
resource 2 will benefit by deviating to resource 1 since 2 ∗ 2.9 < 5 + 1 and finally
for k = 1 a child will benefit by joining the root on resource 1 since 2∗1 < 5 + 1.

�
Notice that while work on coalitional congestion games has shown the non-

existence of pure strategy equilibria (when a coalition may be of size greater than
two), in our study this is shown for the case where only unilateral deviations
(and not deviations by a whole coalition) are considered. In the next theorem we
provide a family of resource selection games and social contexts, which posses a
Nash equilibrium in the surplus collaboration social context.

Theorem 4. Let H be a resource selection game with m identical resources and
let G be a tree with maximal degree m−2. Then, there exists a Nash equilibrium
in the corresponding surplus collaboration social context game SCG.

The proof of the above result appears in the full paper.

7 (The lack of) Potential Functions

It is well known that every potential game is a congestion game and vice-versa.
Although the underlying game in each of the social context games we have
studied is a potential game we show in this section that none of the games in
our positive results is a potential game. The following characterization lemma
will be the main tool in our proof:

Lemma 2 (MondererShapley96). Let H = (N, (Ai)i∈N , (ci)i∈N ) be a game
in strategic form. H is a potential game if and only if for every pair of players
i, j ∈ N , for every a ∈ AN\{i,j} and every ai, bi ∈ Ai and aj , bj ∈ Aj

(ci(bi, aj ,a)− ci(ai, aj ,a)) + (cj(bi, bj ,a)− cj(bi, aj ,a))+

(ci(ai, bj ,a)− ci(bi, bj ,a)) + (cj(ai, aj ,a)− cj(ai, bj ,a)) = 0.

Theorem 5. Resource selection games do not possess a potential function in
the competitive ranking, best member collaboration, and minmax collaboration
social contexts.

Proof. 1. Let S = (H,F ) be the following competitive ranking game. The set
of players is {1, 2, 3}. H is resource selection selection game with 2 iden-
tical resources with resource cost functions w(x) = x. The graph G is
partitioned into two cliques; players 1 and 2 form a clique and player 3
is a singleton. The following cycle of action profiles in which only players
2 and 3 change their actions will provides that there is no potential by
Lemma 2: (1, 1, 2),(1, 2, 2), (1, 2, 1) and (1, 1, 1). Note that f2(G, (1, 1, 2)) −
f2(G, (1, 2, 2))+f3(G, (1, 2, 2))−f3(G, (1, 2, 1))+f2(G, (1, 2, 1))−f2(G, (1, 1, 1))+
f3(G, (1, 1, 1))− f3(G, (1, 1, 2)) = 1/2− 0 + 0− 0 + 1− 1/2 + 0− 0 = 1 6= 0.
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2. Let S = (H,F ) be the following best-member collaboration game. The set
of players is {1, 2, . . . , 10}. H is resource selection selection game with three
identical resources with resource cost functions w(x) = x. The graph G is
partitioned into two cliques; players 1 and 2 form a clique, player 3 is a
singleton and players 4-10 form a clique. Note that i(G) = 3 < 10

2 . Let
a ∈ AN\{1,2,3} be the action profile in which all players 4-10 choose re-
source 3. The following cycle of action profiles in which only players 2 and
3 change their actions will provides that there is no potential by Lemma 2:
(1, 1, 2, a),(1, 2, 2, a), (1, 2, 1, a) and (1, 1, 1, a). Note that f2(G, (1, 1, 2, a))−
f2(G, (1, 2, 2, a)) + f3(G, (1, 2, 2, a))− f3(G, (1, 2, 1, a)) + f2(G, (1, 2, 1, a))−
f2(G, (1, 1, 1, a)) + f3(G, (1, 1, 1, a))− f3(G, (1, 1, 2, a)) = 2− 1 + 2− 2 + 1−
3 + 3− 1 = 1 6= 0.

3. Let S = (H,F ) be the following minmax collaboration game. The structure
is as in part 1, but the resources are not identical. The resource cost functions
are: w1(x) = 5 and w2(x) = x for every x = 1, 2, 3. The following cycle of
action profiles in which only players 2 and 3 change their actions provides
that there is no potential by Lemma 2: (1, 1, 2),(1, 2, 2), (1, 2, 1) and (1, 1, 1).
Note that f2(G, (1, 1, 2))−f2(G, (1, 2, 2))+f3(G, (1, 2, 2))−f3(G, (1, 2, 1))+
f2(G, (1, 2, 1)) − f2(G, (1, 1, 1)) + f3(G, (1, 1, 1)) − f3(G, (1, 1, 2)) = 5 − 5 +
2− 5 + 5− 5 + 5− 1 = 1 6= 0.

�

8 Summary and Future Work

In this work we introduced social context games. Social context games make
explicit the separation between the underlying game, where agents’ costs are
measured by some objective terms, and the social context that is used in order
to interpret these costs as actual utilities. Technically, a social context is de-
fined using a neighborhood graph and aggregation functions, which capture the
agents’ social attitudes. We consider resource selection games, a fundamental
class of games in the interplay between computer science and game theory; an
important property of these games is the existence of pure strategy equilibrium;
this property is implied by the existence of a potential function. We consider
four basis social contexts, and study the existence of pure strategy equilibrium
in the related social context games. Our results illustrate the power of the social
context games framework; social context games allow for the understanding of
how social contexts effect game-theoretic properties. In particular, we extend
upon previous work on ranking games and coalitional congestion games, and
prove the existence of pure Nash equilibrium in several rich social contexts of
resource selection games.

By introducing social context games, we offer the community a rich set of
problems to look at. In fact, given any game of study, and any property of this
game, we suggest to consider the effects of social contexts (as defined in our work)
on the existence of that property in the corresponding social context games. Some
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immediate goals are the study of existence of pure strategy equilibrium in other
forms of congestions game, as well as in e.g. position auctions, when various
social contexts are taken into account. Following this, the study of the effects of
various social contexts on the surplus obtained in the related equilibria is also
of significant importance.
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