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ABSTRACT

It is well known that a player in a non-cooperative game can benefit
by publicly restricting his possible moves before play begins. We show
that, more generally, a player may benefit by publicly committing to
pay an external party an amount that is contingent on the game’s
outcome. We explore what happens when external parties � who we
call “game miners” � discover this fact and seek to profit from it by
entering an outcome-contingent contract with the players. We analyze
various structured bargaining games among such miner(s) and players
that determine such an outcome-contingent contract before the start
of the original game. These bargaining games include playing the
players against one another as in the original game, as well as allow-
ing the players to pay the miner(s) for exclusivity and first-mover
advantage. We establish restrictions on the strategic settings in which
a game miner can profit and bounds on the game miner’s profit.

Entangled Political Economy

Advances in Austrian Economics, Volume 18, 179�211

Copyright r 2014 by Emerald Group Publishing Limited

All rights of reproduction in any form reserved

ISSN: 1529-2134/doi:10.1108/S1529-213420140000018009

179

http://dx.doi.org/10.1108/S1529-213420140000018009


We also find that game miners can lead to both efficient and ineffi-
cient equilibria.

Keywords: Game mining; contracts; side-payments; bargaining

JEL classification: C72; D86

INTRODUCTION

How to Mine a Game

Suppose corn producers compete with sugar producers in the market for
sweeteners, and this market is characterized by Cournot quantity competi-
tion. Corn producers seeking a market advantage could lobby for a sugar
tariff. However, there are other laws they could lobby for that would also
benefit them. For example, they could lobby for a law in which they them-
selves are punished unless they produce the Stackelberg leader quantity of
high fructose corn syrup. Because the sugar producers know such a law
means that the corn producers are forced to produce the Stackelberg leader
quantity, the sugar producers have no choice but to choose their best
response, which is the Stackelberg follower quantity. Since the Stackelberg
equilibrium yields the leader greater profits than the Cournot equilibrium,
corn producers would be willing to pay for the passage of such a law.
This could even be seen as a basis for lobbyists feeling induced to make
campaign contributions, as enterprising lawmakers may initiate such an
arrangement.

This way that a player in a game could benefit by having a third agree to
punish them in certain circumstances is fairly obvious. But can the same
kind of phenomenon occur even when the third party does not have regula-
tory power over the first two parties but is just a private firm or citizen?
Suppose the external party is a private firm called Game Mining Inc. This
firm has a crack legal team that can draft a bullet-proof contract with the
corn producers specifying sums of money that corn producers must pay to
Game Mining Inc. if certain market outcomes are obtained. Can Game
Mining Inc. design such an outcome-contingent contract that the corn pro-
ducers will sign?

That players can benefit in games by entering contracts that distort pay-
off functions is well documented in the economic literature (see e.g. Jackson &
Wilkie, 2005; Renou, 2009; Schelling, 1956; Sobel, 1981; Vickers, 1985).
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This literature focuses on the outcomes that can occur when binding com-
mitments are possible separately by the players in the game or among those
players. In this paper, we focus on games where binding commitments by
the players separately are not possible in the original game, but an external
party � the “game miner” � can provide the ability to make such commit-
ments to the players, in exchange for a payment to that third party.

As a graphic example, there are situations where the game miner can
extract money from player i by promising to pay the opponent of player i,
player j, an outcome-contingent amount. The game miner’s proposition to
player i in such a scenario would be: “if you pay me x dollars now, then I will
pay player j a total of y dollars after the game if outcome z occurs.” Player i
will accept this contract because the payment to player j changes j’s payoffs in
a way that benefits player i in the equilibrium of the resultant game. Note
that this overall outcome involving the game miner and two players is a
renegotiation-proof equilibrium; player j cannot credibly commit to not
accepting y dollars from the game miner after the game has ended. Moreover,
the game miner’s commitment to make that payment can be made
before start of play, publicly, using any conventional binding contract
mechanism.

Perhaps even more strikingly, in a variant of this scenario the game
miner can profit by “threatening” player j: “pay me x dollars now, or after
the game has completed I will pay you an outcome-contingent amount.”
An illustration is given in the following example.

Example 1. Consider a game between two players, (A)ngry and (C)
onfused, with utilities given, respectively, by the row and column entries
of the following bimatrix

C

L R

A
T −12, 0 −1, −1
B −11, −10 0, 0

The unique Nash equilibrium is (B,R), leading to a payoff to A of 0.
Now say that the game miner asks A for a payment of 9.5 before A

plays the game with C. The game miner says that if A does not make
this payment, and if A plays T in the game with C, then the game miner
will pay 2 to A. This contract and all other transactions are visible to all
players.

If A does not accept the offer by the game miner, then due to the
output-contingent payment they would receive from the game miner,
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the game between A and C effectively changes to the following new
bimatrix:

C

L R

A
T −10, 0 −1, −1
B −11, −10 0, 0

This new game has the unique Nash equilibrium (T,L), leading to a pay-
off for A of −10.

So if A does not pay 9.5 to the game miner, A plays the new game with
C, and A’s total payoff is −10. In contrast, if A pays 9.5 to the game miner,
then A and C play the original game, and A’s payoff (including the pay-
ment to the game miner) is −9.5. Accordingly, A will agree to pay the game
miner 9.5, thereby saving 0.5.

In effect, in this scenario A agrees to pay 9.5 to the game miner under
the threat that if he does not, the game miner will pay him an (output-
contingent) amount after the end of the game with C.1,2 So we have an
example of “Pay me now, or else I will give you some money later.”

This is an odd kind of extortion indeed, in which the worst that the
extorter can do to their victim is to give them some money.

Clearly the full set of possible structured bargaining games involving an
arbitrary set of players offering contacts to one another and to those play-
ing the original game is quite elaborate. To limit the scope of our analysis,
in this paper we only consider scenarios where a player i may benefit by
publicly committing to pay an external party an amount that is contingent
on the game’s outcome, and explore what happens when external parties
discover this fact and seek to profit from it. The following simple example
clarifies the types of outcome-contingent contracts that are the foundation
of our analysis.

Example 2. There are two cell-phone manufacturers, Anonymous (A) and
Brandname (B). They must simultaneously decide how many cell phones
to produce. Each firm has two options, high output (H) or low output
(L). Anonymous, like its name suggests, is not well known. Therefore, no
matter what level of output Brandname produces, Anonymous prefers to
produce high output to gain brand recognition. On the other hand,
Brandname’s choice of output does depend on Anonymous’s choice. If
Anonymous produces low output, then Brandname prefers to keep prices
high by also producing low output. However, if Anonymous produces
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high output, then Brandname prefers to safeguard its recognized name by
also producing high output. The moves and payoffs (in millions of dol-
lars) are summarized by the following matrix.

B

H L

A
H 1, 0.5 2, 0

L 0, 0 1, 1

The NE is (H,H), and payoffs are (1.5).
A firm called Game Mining Inc. (G) watches this, and just before

Anonymous and Brandname declare their output decisions, G offers
Anonymous the following contract, making sure Brandname sees them do
this: “Pay us $1.5 million right now. Then we will pay you back a certain
amount after you and Brandname make your decisions. The following
matrix shows how much we will pay you, in millions of dollars, for the four
possible joint decisions by you and Brandname:”

0 1:01
1:5 2:0

� �

Note that this matrix does not include the $1.5 million upfront payment.
So if Anonymous accepts the contract, then the final payoff matrix for the
game (including the upfront payment) becomes

B

H L

A
H −0.5, 0.5 1.51, 0

L 0, 0 1.5, 1

In this modified game, the unique NE is very close to (2/3, L), where 2/3
is the probability that A chooses H. For Anonymous, this results in an
average payoff of approximately $1.5 million. This is a $500,000 improve-
ment over its payoff without the contract. On average, G makes approxi-
mately $160,000 for their trouble. Brandname, on an average, makes
approximately $333,333. This is a $166,666 decrease in Brandname’s payoff
compared to the situation where Anonymous and G do not have a
contract.

Note that the Coaseian outcome of the game without G would be for
Anonymous to pay at least $500,001 to Brandname for the outcome (H, L)
(see Coase, 1960). So G is not merely facilitating the Coaseian outcome.

183Game Mining: How to Make Money from Those About to Play a Game



Note also that the outcome in Example 2 cannot be achieved by a commit-
ment by either player to play or not play either one of their actions. In gen-
eral, the presence of G creates an entirely new strategic setting. However,
in this simplest of game mining scenarios, a commitment by A to play the
mixed strategy (2/3, 1/3) would achieve the same equilibrium as the game
miner’s outcome-contingent contract. This is not the case for the other
game mining scenarios discussed in this paper.

In Example 2, G makes considerable profit from recognizing that
Anonymous benefits from an output-contingent contract. However,
Anonymous also benefits from this contract. So game mining can be seen
as a natural result of profit-seeking behavior, rather than as the result of
economic planning and regulation. It requires no mechanism other than
enforceable contracts between players and game miners.

Since profit-seeking behavior creates the game mining setting in Example
2, it is natural to think about what other types of game mining settings can
arise this way. By studying various structured bargaining games between
game miners and players, we find a range of new phenomena. For example,
in some cases, it may be that the miner can create a prisoner’s dilemma
scenario between the players by offering contracts that each player has an
incentive to accept regardless of whether their opponent accepts. If both
players accept, the outcome is that they are both worse off than if neither
accepts, and the game miner profits considerably. There are also important
timing issues in game mining. When players sequentially sign contracts with
game miners, there can be a significant first-mover advantage to the first-
signing player. This provides the game miner with yet another opportunity
for profit; they can charge the players to move first. In addition, game
mining has complicated effects on efficiency. The effects depend on the
underlying game as well as the bargaining structure between players and
the game miner. In this paper, we explore situations where the presence of
a game miner can both increase and decrease equilibrium efficiency.

Related Literature

The ideas underlying the game mining concept are implicit in a large body
of economic literature. As an illustration, in the model presented in
Jackson and Wilkie (2005) (JW), every player specifies outcome-contingent
side-payments that they will make after a non-cooperative strategic form
game is played and the payoffs are resolved. These side-payments are bind-
ing contracts, so the players are ex ante determining their preferences over
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the game’s outcomes. In this regard the game that the players actually play
is endogenously determined. JW examine whether a mechanism that allows
players to make such outcome-contingent side-payments generally results
in efficient outcomes and conclude that it does not.

The simplest game mining scenario, for example, Example 2, can be
viewed as a variant of JW. In this variant, the only outcome-contingent
side-payments are between the players and the game miners, and the game
miners would be indifferent over outcomes of the game if not for the fact
that they will be receiving side-payments dependent on those outcomes.
Furthermore, the game miners play no part in the game between the
players other than to accept contracts for outcome-contingent side-
payments and make the contracts public.

In contrast to JW, we do not assume that a social planner installs a
mechanism for players to make side-payments. Instead, we look at a game
without formal mechanisms and ask whether external parties will create
contracts for outcome-contingent side-payments in pursuit of profit. In
addition, we relax the assumption in JW that all side-payments are non-
negative. That is, we allow game miners to pay players for certain out-
comes. This will be important when examining optimal contracts as well as
the extent to which a monopolist game miner can extract profits from
players. Hence, game mining can be seen as the version of JW’s setting that
arises as the natural result of profit-seeking in the absence of JW-type regu-
lation. We also consider how outcomes change when the game miner can
enter contracts with both players, when mining contracts are offered to
players in sequence, and when we change the underlying bargaining struc-
ture between the players and the game miner. These considerations do not
arise in JW’s setting.

In another related paper, Renou (2009) analyzes what happens when
players are able to embed the original game in a new two-stage game. In the
second stage of that new game the players play the original game. However
before they do so, in the first stage, the players each simultaneously commit
not to play some subset of their possible moves in that game in the second
stage. These commitment games can be seen as the result of placing
three restrictions of the JW setting: (1) player i’s side-payments are only
contingent on i’s action (rather than on the full profile of actions), (2) the
side-payments are made to external players, and (3) the side-payments are
effectively infinite. Renou’s restricted setting means that there are fewer
commitments available but that there are also fewer deviations available.
This means the set of equilibria sustainable in Renou’s restricted setting can
differ significantly from the set sustainable in the less restricted JW setting.
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Renou’s setting and analysis are too restricted to cover the full game mining
scenario. This is because there are many circumstances in which both the
player and the game miner prefer to make contracts that are fully outcome-
contingent and that have non-infinite side-payments. One example can be
found in Example 2, where the player and game miner find it optimal to
agree on a contract that results in a unique equilibrium in which the player
uses a mixed strategy with full support (and therefore does not make any
commitment in the first stage of Renou’s two-stage game).

In Garcia-Jurado and Gonzalez-Diaz (2006), the types of commitments
are similar to those studied in Renou (2009). The main difference is that
the former studies a repeated game in which commitments to play mixed
strategies are possible. They show that when such commitments are avail-
able, standard folk theorem results can be obtained with milder assump-
tions on the stage game. A key difference between our work and that of
Garcia-Jurado and Gonzalez-Diaz (2006) is that our settings are all single-
shot. Still, it should be possible to make commitments to play mixed strate-
gies in a single-shot game. In the simplest game mining scenario, the set of
equilibria is the same as what can be sustained by commitments to play
mixed strategies. However, when mixed strategies do arise in our frame-
work, they do so as the result of contracts that produce games with unique
mixed NE rather than being required by the commitments themselves. And
beyond the simplest game mining scenario, the set of equilibria under com-
mitments to play mixed strategy differ from game mining equilibria. Like
Garcia-Jurado and Gonzalez-Diaz (2006), the work of Kalai, Kalai,
Lehrer, and Samet (2010) also obtains a folk theorem for commitments.
They study a setting in which players can make commitments that are con-
ditional on the commitments of their opponents. For two-player strategic
games, they show that all feasible and individually rational payoffs can be
obtained in the equilibrium set of a game with conditional commitments.
Such conditional commitments are not explored in the game mining frame-
work but remain of interest for future work.

Another well-studied aspect of commitment in games is the role of tim-
ing. Papers such as Hamilton and Slutsky (1990), van Damme and
Hurkens (1996), and Romano and Yildirim (2005) concern endogenous
timing and Stackelberg-like commitments. Emanuele and Levent (2012)
examine the effect of renegotiation on such commitments with third parties
and find that there is a large class of games in which third party contracts
have strategic implications even when they are renegotiable. Wolpert and
Jamison (2011, 2012) introduce the idea that players might also commit
to using certain personas before the start of a game. These papers analyze

186 JAMES W. BONO AND DAVID H. WOLPERT



the possibility that experimentally observed non-rationality is in fact
rational, because by committing to play the game with a non-rational “per-
sona,” a player may increase her ultimate payoff. This persona has the
same effect as a side-payment or commitment, as it is reflected in a tempor-
ary change to the player’s utility function. The persona games model has
been successful in explaining non-rational behavior in non-repeated trave-
ler’s dilemma and even in versions of the non-repeated prisoner’s dilemma.
Timing is also studied in the current paper. Here, the focus is on how the
sequence of contracts between the game miner and players determines the
outcome. As is the case in persona games, there is often a first-mover
advantage in game mining even when players have dominant strategies.

Finally, there is a subset of the principal-agent literature concerning
delegation games that is closely related to game mining. In these models,
the principal is able to contract with an agent that will engage in a game
with the principal’s opponent (or agent of the principal’s opponent). One
concern of this literature is detailing the optimal contract for a principal
(see Fershtman, 1985; Fershtman & Judd, 1987; Sklivas, 1987; Vickers,
1985). Another concern is whether a mechanism that allows specific types
of contracts can lead to Pareto efficiency (see Fershtman, Judd, & Kalai,
1991; Katz, 1991). Game mining is closely related to a previously unex-
plored aspect of principal-agent scenarios: the degree to which the agents
can profit from delegation contracts. Similar ideas are also present in the
“budget-breaking” manager of Holmstrom (1982).

The important difference between the work here and the related litera-
ture is that we concentrate on the potential role of a third party, seeking to
make profits by interacting with the players, rather than focus on situations
where all relevant decisions are by the original players alone.

Overview

We start by introducing the game mining model and notation in the section
“Notation”. Then, in the section “Maximal Mining,” we assume that one
player interacts with the game miner and conduct a foundational analysis
of the types of contracts and outcomes they can achieve. The properties
derived in the section “Maximal Mining” serve as the foundation for more
in-depth analysis that appears later in the paper. For example, here we
derive bounds on the aggregate payoffs that the game miner and player can
earn together. We show that they can select a contract to divide these pay-
offs in any way between them. We also show that outcome-contingent
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contracts cannot be profitable for both the game miner and contracting
player if the other player has a strictly dominant strategy.

In the section “Game Mining Bargaining Structures” we consider var-
ious market structures, that is, various structured bargaining games invol-
ving the players of the underlying non-cooperative game and an external
party that tries to mine that underlying game. We begin the section “G
Accepts One Contract” with a game based on the assumption that players
offer contracts to the game miner, and the game miner must choose either
one of the offered contracts or neither contract. We show that the game
miner can profit by more than the maximal payoff to either player in the
game without contracts. This is because players can suffer a loss if their
opponent outbids them for the right to contract with the game miner. We
derive an upper bound on the game miner’s equilibrium profit. We also
characterize the set of equilibria for a simple example and show that the
opportunity to make contracts with the game miner can make both players
worse off. That is, a Pareto efficient equilibrium of the underlying game is
not an equilibrium when game mining is possible. Note, that JW find a
similar result using their contingent transfers mechanism.

In the section “G Accepts Both Contracts,” we allow the game miner to
accept both offers if she chooses so. This reduces the game miner’s bargain-
ing power, and we find that the game miner can always do at least as well
by restricting herself to accept only one contract.

In the section “Sequestial Contracts,” we discuss the role of timing and
first-mover advantage, establishing that the players may be willing to pay
for the right to contract first with the game miner. Therefore, in contrast to
the simultaneous contract case in the section “Sequestial Contracts,” G can
engage players in a bidding war even when she can accept both contracts.
Furthermore, this can happen when one or both of the players have a
strictly dominant strategy. Two examples illustrate this and further analyze
the difference between game mining and Renou-type commitments.

In the section “G Makes Offers,” we analyze the case where the miner
has the bargaining power, that is, G is the one making the offers. We show
that this allows the game miner to “play the players against one another”
and thereby increase her profit. We also derive an upper bound on this
profit. An interesting feature of this scenario is that the game miner moves
the players from an inefficient equilibrium to an efficient one. However, as
a profit seeker, the game miner is able to capture more profit than the effi-
ciency gain.

In the section “Discussion,” we briefly discuss several new research areas
opened by game mining. These areas include games of more than two
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players, and risk aversion on the part of the game miner. We briefly
consider unstructured bargaining among the players and the miner to
determine the contract. We also touch on an “inverted” version of this
topic, where the underlying game is itself unstructured, while the miner(s)
negotiate with the player(s) via structured bargaining to determine a con-
tract for that underlying game. We end by discussing the idea that one
player might sign a contract that obligates him to pay the other player
outcome-contingent amounts. This obligation may actually help the payer
and hurt the payee.

NOTATION

We study a two-player, one-stage simultaneous-move game of complete
information. However, we relax the usual assumption that the two players
cannot make outcome-contingent contracts (or simply contracts) with
players external to the game.

Specify the two-player pre-contract game as

Γ≡ fA;Bg; XA;XBf g; UA;UBf g

where Xi ∈ {A,B} is finite and Ui is an |XA|-by-|XB| matrix for which the
(m, n) entry gives the payoff to i when A chooses his mth pure strategy and
B chooses his nth pure strategy. Player i’s set of mixed strategies is Δi, i=A,
B, and the set of mixed strategy profiles is Δ ≡ ΔA × ΔB. We write all of i’s
pure and mixed strategies as |Xi|-by-one vectors σi for which the mth entry
gives the probability that σi assigns to playing i’s mth pure strategy.
Therefore, player i’s expected payoff from σ= (σA, σB) as

Eσ Uið Þ= σTAUiσB

where superscript T indicates matrix transpose.
Player i’s best response correspondence is given by RΓ

i ð⋅Þ : Δj → 2Δi , so
that

RΓ
i ðσjÞ≡ σi ∈Δi : σTAUiσB ≥ σ

0T
AUiσB ∀σ0i ∈Δi

� � ð1Þ

Therefore, the set of Nash equilibria of game Γ is given by

NEðΓÞ= σA; σBð Þ : σA ∈RΓ
A σBð Þ and σB ∈RΓ

B σAð Þ� �
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An outcome-contingent contract between player i and the game miner G is
a matrix Di that specifies a (possibly negative) transfer from i to G for every
outcome of Γ. We assume Di is finite. If players use strategies (σA, σB), then
under contract Di player i expects to pay σTADiσB to G. Defining
UDi

i ≡Ui −Di, player i’s expected payoff is σTAU
Di

i σB. Therefore, we can view
Di as a transformation of Γ. We write the post-contract game as
ΓðD; iÞ≡ fA;Bg; XA;XBf g; UDi

i ;Uj

� �� �
for i ≠ j, where the second argument of

the post-contract game identifies the player with whom G has contracted.
Note, that we simplify this notation by dropping this second argument
whenever the context makes clear the identity of the player with whom G
has contracted. We write the set of possible contracts as D≡R

jXAj ×R
jXBj.

The notation D0 denotes the null contract, where all entries are zero.

MAXIMAL MINING

Before introducing a formal strategic setting for game mining in the next
section, we first explore the way that a player A and the game miner can
work together to extract gains from Γ. This is the simplest game mining
scenario.

The first step is to define the aggregate payoffs from a contract. These
are the amounts that the contracting parties can earn in equilibrium and
divide among themselves. Suppose A and G are the contracting parties and
DA is their contract. Then the aggregate payoff that is apportioned between
A and G is given by the payoff that A gets at a NE in Γ(DA) before A pays
to G the amount specified in DA.

Definition 1. The aggregate payoff set for A and G from DA is:

MA DAð Þ≡ σTAUAσB : σA; σBð Þ∈NE Γ DAð Þð Þ� �
A’s payoffs are the only difference between Γ and the post-contract

game Γ(DA). Here DA distorts UA, thereby distorting A’s best response
function. By varying DA, we can give A any best response function in
Γ(DA). This includes best response functions that designate dominant stra-
tegies as well as indifferences. Therefore, when A exclusively contracts with
the game miner, any profile such that B chooses a best response can arise
as an equilibrium of Γ(DA) for some DA. The same thing can be said for
the situation where A has the exclusive opportunity to make commitments
on mixed strategies.
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We denote by M�
A DAð Þ the maximum of the aggregate payoff set from

DA. The maximum over all aggregate payoff sets is MA ≡maxDA ∈D

M�
A DAð Þ� �

. It is the maximum that A and G can possibly have to divide
among themselves in any NE of any game in which they sign a contract.
We refer to this quantity as the maxagg (maximum aggregate payoff). The
maxagg is the subject of our first result.

Proposition 1.

MA = max
σA;σB

σTAUAσB : σB ∈RΓ
B σAð Þ� � ð2Þ

Proof. From the definition of maxagg we have:

MA = max
DA

max σTAUAσB : σA; σBð Þ∈NE Γ DAð Þð Þ� �� � ð3Þ

Recall that the contract DA does not affect B’s payoffs UB. This means

that NE Γ DAð Þð Þ= σ ∈Δ : σA ∈R
Γ DAð Þ
A σBð Þ and σB ∈RΓ

B σAð Þ
n o

. The trouble

is to choose DA so that A’s best response correspondence meets B’s best
response function at the maximizers that correspond to MA,(σA, σB).
This problem is solved trivially by choosing DA such that A is indifferent
among all strategy pairs. Then every action of A is a best response to

every action of B, including σB, which, by assumption is in RΓ
B σAð Þ.

So Eq. (3) becomes

MA = max
DA

max σTAUAσB : σB ∈RΓ
B σAð Þ� �� �

which is the same as Eq. (2) because the set σTAUAσB : σB ∈RΓ
B σAð Þ� �

is
independent of DA. □

Proposition 1 means that to find the maximum aggregate payoffs for A
and G, we simply search B’s best response correspondences to all of A’s
moves for the one giving maximum payoff to A. This allows us to restrict
our analysis to the values of UA along B’s best response correspondence.
Note that certain outcomes in the aggregate payoff set correspond to pro-
files in which A does not choose a best response to B’s strategy. Only B is
being forced to make a best-response. So, maxagg is nothing more than an
upper bound on what is possible for A and G to obtain by making a
contract.
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In some cases, a game miner might be concerned with maximizing
the minimum of the aggregate payoff set as a way of guaranteeing a
sufficient minimum payoff. We write the minimum of the aggregate pay-
off set MA(DA) as MA DAð Þ. Maximizing MA DAð Þ over all contracts
DA, we get the maximum minimum aggregate payoff MA, called the
maxminagg:

MA ≡ max
DA

min
σ

σTAUAσB : σ ∈NE Γ DAð Þð Þ� �

Trivially, MA ≥MA D0ð Þ. Comparing maxminagg with maxagg, we also
know that MA ≤MA. And when there exists a contract DA such that
MA DAð Þ= MAf g, we have MA =MA. That is, if there exists a contract DA

such that the only NE of Γ(DA) yields the maxagg to A and G, then the
maxagg and maxminagg are the same.

The next example continues from Example 2 in the introduction, using
maxagg and maxminagg to illustrate a distinction between the equilibrium
outcomes in game mining and commitments to play pure strategies. In this
example, maxagg is associated with a NE strategy for A, σA, that is a mixed
strategy with full support. However in this example, a commitment by A to
play (or not play) certain pure strategies will never allow A and G to
achieve the maxagg.

On the other hand, contracts that achieve the maxagg may also give
rise to a NE with an aggregate payoff lower than the maxagg or the NE
aggregate payoff for the original game. So we may expect that a conser-
vative miner would avoid such contracts that achieve the maxagg but
also have bad equilibria. To address this, we show that there are con-
tracts that yield a unique mixed NE σA for which the aggregate payoff
is arbitrarily close to the maxagg. Because this NE is unique, the aggre-
gate payoff is also the maxminagg that concerns the conservative game
miner. Therefore, a conservative game miner would choose such a con-
tract over one that involves a commitment to play (or not play) a speci-
fic strategy.

Example 3. Consider again the game Γ presented in Example 2:

H L

H 1, 0.5 2, 0

L 0, 0 1, 1
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where A is the row player. Write p ≡ σA(H). Then B’s best response cor-
respondence is

RΓ
B pð Þ=

H if p >
2

3

L if p <
2

3

q∈ ½0; 1� if p=
2

3

8>>>>>>>><
>>>>>>>>:

If A chooses p < 2/3, then B will choose L, and the payoff to A will be
2p+ 1(1− p)=1+ p. Likewise, if A chooses p> 2/3, then B will choose H,
and the payoff will be p. If A chooses p= 2/3, then B chooses any comb-
ination of H and L yielding payoffs to A between 2/3 and 5/3. Therefore,
the maximum payoff for A along RΓ

B is when σA = p; 1− pð Þ= 2
3
; 1
3

� �
and

σB= (0,1):

MA = σTAUAσB =

2
3

1
3

2
4

3
5
T

1 2

0 1

� �
0

1

� �
=

5

3

In other words, the maxagg payoff for A and G is achieved by a mixed
strategy. The problem is that there is no contract DA such that Γ(DA) has a
unique NE that achieves the maxagg payoff to A and that results in a non-
negative payoff for G. Moreover, for those DA’s such as there is a NE of
Γ(DA) with A’s payoff equaling the maxagg payoff, there are other NE
with A’s payoff less than 1, which is already A’s payoff in every NE of the
original game Γ. So it would appear that A has no incentive to form a con-
tract with Game Mining, Inc. However, there are contracts that produce a
unique NE under which the aggregate payoff is arbitrarily close to the max-
agg of 5/3. An example of such a contract that gets arbitrarily close to the
maxagg is

DA =
1:5 0:5− ɛ
0 − 0:5

� �

With this contract A’s payoffs are now given by
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UDA

A =
1 2

0 1

� �
− 1:5 0:5− ɛ

0 − 0:5

� �
=

− 0:5 1:5þ ɛ
0 1:5

� �

There is a unique NE for all ɛ> 0. As ɛ approaches zero, that NE
approaches (2/3, L), so the maxminagg approaches 5/3. As mentioned pre-
viously, this outcome is also possible if A can commit to playing his NE
mixed strategy.

The preceding results consider the aggregate payoffs that A and G
can achieve by contracting. We next address the way in which A and G
are able to divide those aggregate payoffs. The following result says
that they are able to incorporate any division of the aggregate payoffs
directly into the contract without affecting the best response correspon-
dence of A or B. (Whether A and G would accept such a division is a
different issue.)

Proposition 2. For any a∈R and σ� = σ�A; σ
�
B

� �
such that σ�B ∈RΓ

B σ�A
� �

,
there exists a contract D�

A such that:

1. σ�A; σ
�
B

� �
∈NE Γ D�

A

� �� �
and

2. σ�TA U
D�

A

A σ�B = a

Proof. By Proposition 1 there exists a contract DA such that
σ�A; σ

�
B

� �
∈NE Γ DAð Þð Þ. Let 1 stands for a matrix all of whose entries are

1. So σ�A
� �T

1σ�B = 1. Therefore there is a scalar x∈R such that

σ�TA UA −DA − x1
� �

σ�B
� �

1 = a1

This gives us D�
A ≡DA þ x1. Since U

D�
A

A =UDA

A − x1, σ�A; σ
�
B

� �
∈NE Γð

D�
A

� �Þ. □

Proposition 2 says that the aggregate payoffs that A and G get by
mining are not affected by a restriction on the way in which A and G divide
those payoffs. So the way MA is divided between A and G in equilibrium
will be determined by strategic rather than technical considerations. This
will be convenient when we introduce a formal strategic environment in the
next section.

In some settings, there is no contract such that A and G can both benefit
in any NE of Γ(DA). This is always the case when B has a strictly dominant
strategy.3 The intuition is that A’s contract with G will never change B’s
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payoffs. Therefore, B will always play his dominant strategy, no matter
what the contract says. Therefore there is nothing that a contract can do to
help A. This intuition is formalized in the following result.

Proposition 3. If B has a strictly dominant strategy, then there is no con-
tract DA such that A and G both strictly benefit in any NE of Γ(DA).

Proof. Suppose ~xB is a strictly dominant strategy for player B. Then
~xB =R

Γ DAð Þ
B σAð Þ=RΓ

B σAð Þ for all σA∈ΔA. Hence the set of NE in Γ is

σ� ∈Δ : σ�A = arg max
σA

σTAUA ~xB and σ�B = ~xB

� 	

and the set of NE in Γ(DA) is

~σ ∈Δ : ~σA = arg max
σA

σTAU
DA

A ~xB and ~σB = ~xB

� 	

If G benefits by entering contract DA, then ~σTADA ~xB > 0.
But this means that ~σTAUA ~xB > ~σTAU

DA

A ~xB. Since σ�TA UA ~xB ≥ ~σTAUA ~xB, by
combining we have σ�TA UA ~xB > ~σTAU

DA

A ~xB for all σ�; ~σ. Accordingly, A will
not benefit by signing DA. □

Proposition 3 puts a restriction on the set of games Γ in which A will
benefit from the services of a game miner. However, as shown in later sec-
tions, there are ample opportunities for A and G to benefit from contracts
when player B has a strictly dominant strategy. In general, such a situation
requires that B also has an opportunity to make a payoff-contingent con-
tract with the miner.

The next result establishes limits on game mining when one player has a
weakly dominant strategy.

Proposition 4. If B has a weakly dominant strategy, then there is no con-
tract DA such that both A and G strictly benefit in every NE of Γ(DA)
compared to not signing any contract.

Proof. By contradiction. Suppose x�B is weakly dominant and DA is a
contract such that both A and G benefit in every NE of Γ(DA). There is
a NE x�A; x

�
B

� �
of Γ. For every xA∈XA we have that

xTAUAx
�
B ≤ x�AUAx

�
B
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If A is better off in every NE of Γ(DA), then for xA ∈R
Γ DAð Þ
A x�B

� �

xAU
DA

A x�B > x
�
AUAx

�
B

which implies

xADAx
�
B < 0

which in turn contradicts the fact that G is better off. □

Proposition 4 tells us that A and G cannot eliminate the risk of loss in a
NE of Γ(DA) if B has a weakly dominant strategy in Γ. If A and G are both
conservative and require that they gain in every NE of Γ(DA), then no con-
tract will be made between them.

GAME MINING BARGAINING STRUCTURES

G Accepts One Contract

Consider a situation in which players A and B encounter each other in a
simultaneous move game, Γ=h{A,B}{XA,XB}{UA,UB}i. There is only one
external party, G, that is willing to accept publicly observable outcome-
contingent contracts. Before A and B play Γ, they simultaneously offer con-
tracts to G. These contracts are called DA and DB, respectively.

After observing DA and DB, G chooses either DA, DB or D0 (the null
contract). Players A and B observe this contract and recognize its legally
binding nature. A and B then engage in the simultaneous move game
Γ(D,i). Γ(D, i) is the post-contract subgame, where again we simplify the
notation by dropping the second argument when the identity of the player
with whom G has contracted is clear.

Formally, this is an extensive form game with three stages:

Stage 1: Players A and B simultaneously offer contracts DA and DB to G.
Stage 2: G chooses DA, DB or the null contract D0.
Stage 3: Players A and B play Γ(D, i).

A strategy Si for I=A,B in the extensive form game is a pair Si ≡ (Di,
Si). The first component, Di ∈ D, is the offer that i makes to G in the
first stage. The second component is a function from the space of all possi-
ble contracts and contractees, D× {A,B,0}, to the space of probability
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distributions over i’s action set Xi, that is, si : D× fA;B; 0↦Δi. In other
words, si(D, j) gives i’s strategy (pure or mixed) in the post-contract
subgame induced by G choosing contract D from player j. Here, we also
simplify the notation by dropping the second argument when the identity
of the player with whom G has contracted is clear, for example,
sA(DB) = sA(DB,B). The profile of strategies of player A and player B are
written as S−G, where S−G= (sA,sB).

In stage two, G selects an element of the choice set IG ≡ 0;A;Bg. SG is
the function that takes as input the history DG= (DA,DB) and returns an
element of IG indicating which player’s contract has been chosen. We let
DSGðDGÞ = 0 indicate the game miner chooses not to contract with either
player.

Given a full strategy profile (SA,SB,SG), G’s payoffs are

UG SA; SB; SGð Þ= sA DSG DGð Þ
� �T

DSG DGð ÞsB DSG DGð Þ
� �

DSG DGð Þ is G’s stage two choice given the stage one actions (DA,DB), and
sA DSG DGð Þ
� �

is A’s stage three reaction to that choice. For i=A,B, the pay-
offs are

Ui SA; SB; SGð Þ= sA DSG DGð Þ
� �T

U
DSG ðDG Þ
i sB DSG DGð Þ

� �

if G chooses i’s contract and

Ui SA; SB; SGð Þ= sA DSG DGð Þ
� �T

UisB DSG DGð Þ


 �

otherwise. As shorthand, we represent this extensive form game as

ΓG ≡ hfA;B;Gg;Γ; Sif gBi=A;SG;UGi

Definition 2. A subgame perfect equilibrium (SPE) of ΓG is a strategy
profile S= (SA, SB, SG) such that:

1. sA DSG DGð Þ
� �

; sB DSG DGð Þ
� �� �

∈ NE Γ DSG DGð Þ
� �� �

for all contracts
D ∈ R

2 × R
2.

2. SG is optimal given S−G for all pairs (DA,DB), that is

UG SA; SB; SGð Þ≥UG SA; SB; S
0
G

� �

for all S
0
G.
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1. DA is optimal given SG, sA, and SB, that is

Ui DA; sAð Þ; SB; SGð Þ≥Ui D
0
A; sA

� �
; SB; SG

� �

for all D
0
A (mutatis mutandi for B).

We turn our attention to finding the maximum amount that can be
mined from Γ. To do so, we introduce a concept that is related to the
aggregate payoff set from Definition 1:

Definition 3. The aggregate payoff function for A and G from DA is:

mA DAjs−Gð Þ≡ sA DAð ÞUDA

A sB DAð Þ

The aggregate payoff function differs from the aggregate payoff set.
Whereas the aggregate payoff set includes payoffs for all NE of Γ(DA), the
aggregate payoff function simply returns the sum of A and G’s payoffs
when s−G is played in Γ(DA). For example, if s−G selects a NE of the post-
contract subgame Γ(DA), then the aggregate payoff function mA(DA|s−G)
selects one element from the aggregate payoff set MA(DA). We denote by
D̂A a contract that maximizes A’s aggregate payoff function.

In an SPE, G will choose whichever contract yields her the highest pay-
off as determined by (sA,sB). Given that, i’s should offer more to G than j’s
offers whenever j’s contract offers less than mi D̂ijs−G

� �
− sA Dj

� �T
UisB Dj

� �
.

The most that i will ever be willing to offer G is therefore determined by
finding the contract of j that results in the smallest payoff for i, called Dj.
Following this logic reveals that, loosely, G will contract with the player
that has the greatest willingness to pay. In other words, there will not be an
SPE in which G accepts a contract from one player while the other has a
greater willingness to pay. From the players’ willingness to pay, we get the
maximum SPE payment to G in the following proposition.

Proposition 5. The upper bound SPE payment to G is

UG = max
i

Mi − min
σA;σB

σTAUiσB : σi ∈RΓ
i σ − ið Þ� �� 	

Proof. First, let Dj s−Gð Þ≡ arg minDj
sA Dj

� �T
UisB Dj

� �
. That is, Dj is the

contract that minimizes i’s payoff given s−G. Also let

δi Dijs−Gð Þ≡mi Dijs−Gð Þ−mi D0js−Gð Þ
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be the change in i’s payoff by going from Γ to Γ(Di). Similarly define

δi Di;Djjs−G

� �
≡mi Dijs−Gð Þ−mi Djjs−G

� �

as the change in i’s payoff by going from Γ(Dj) to Γ(Di).
The proof follows from the strategic considerations of the players.

Either (1) neither player pays G, or (2) player i pays G. In the case of
(2), i will offer G no more than necessary, which is the minimum incre-
ment above what G would get by accepting j’s offer, Dj. Player i will
only be willing to pay this amount if it is less than the amount that she
gains by changing the game from Γ(Dj) to Γ(Dj), that is, δi(Di,Dj|s−G)
This difference is maximized by choosing Dj to minimize i’s payoff in
Γ(Dj) and choosing Di to maximize i’s payoff in Γ(Di). Given s−G, these
arguments are Dj and D̂i, respectively. So we have that the maximum i

will pay in an SPE of ΓG given s−G is δi D̂i;Djjs−G


 �
.

Maximizing i’s payoff over all functions s−G and contracts Di we get
the maxagg Mi. Minimizing i’s payoff over all functions s−G we get
mins−G

Dj s−Gð Þ where the minimizer,

si−G = arg min
s−G

sA Dj s−Gð Þ

 �T

UisB Dj s−Gð Þ

 �

yields Dj s
i
−G

� �
. However, we know that since si−G is part of an SPE,

that si−G Dj


 �
is a NE of Γ Dj


 �
. Therefore, sii Dj


 �
∈RΓ

i sij Dj


 �
 �
. In

other words, the only requirement in constructing si−G is that i is always

playing a best response. This is because Dj can be such that sij Dj


 �
is a

best response to i. Therefore,

siA Dj


 �T

Uis
i
B Dj


 �
= min

σi;σj
σTAUiσB : σi ∈RΓ

i σj
� �� �

Putting this together with i’s maxagg and choosing i we get the result. □

Proposition 5 gives an upper bound on the amount that the monopolist
game miner can extract from a game between A and B. This is achieved
when player i chooses the contract that minimizes j’s payoff given the
strategies for the resulting post-contract game, Di. At the same time,
the amount offered to the game miner by the contract Di is equal to
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the maximum amount that j is willing to pay to change the game from
Γ Di

� �
to Γ D̂j

� �
. The amount paid to the game miner in this situation is

bounded by the players’ payoff functions. So a monopolist game miner
cannot, in this situation, extract arbitrary profits.

The SPE concept here allows for some behavior that is unreasonable
from a trembling hand perspective. For example, in order for G to achieve
her maximum payment, i must choose contract Di. However, i might
actually prefer the outcome under D̂j to the outcome under Di. That is, to
support the equilibrium in which j offers her maximum willingness to pay,
i offers quite a bit of money to G for a deal she wants not to take effect. i’s
offer is only a best response to j’s slightly greater offer because G will
choose j’s contract, so that this unreasonable offer by i, Di, will never be
accepted by G. But, if G trembled and chose Di, the outcome could be dis-
astrous for i. In short, for some ΓG, there exist SPE in which G achieves
her maximum payoff only if one of the players acts in a manner that seems
unreasonable.

Instead of considering all possible equilibria, perhaps a more reasonable
set of outcomes is one in which players only offer contracts D̂i (i=A,B)
that maximize the aggregate payoff function, mi(Di|s−G). It is reasonable to
restrict the analysis to this set of contracts because at least one aggregate
payoff maximizer, D̂i, is a best response to every Dj and s−G. Note that in
some games, this restriction on players’ choice of contracts can reduce G’s
maximum SPE payoff.

Fig. 1 is a flow diagram that illustrates how the aggregate payoff maxi-
mizing contracts translate into the monopolist miner’s payoffs. Positive
quantities represent movements in the direction of the associated arrow.

Fig. 1. This Diagram Depicts a Flow between Γ, Γ D̂A

� �
, and Γ D̂B

� �
based on the

Willingness to Pay of Players A and B.
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So if δB D̂B

� �
> 0, we know that B is willing to pay to change the game from

Γ to Γ D̂B

� �
. Hence, Γ will not be the post-contract subgame in an SPE.

Next, if δB D̂B; D̂A

� �
> δA D̂A; D̂B

� �
> 0, then B is willing to pay more to

change the game from Γ D̂A

� �
to Γ D̂B

� �
than A is willing to pay to change it

from Γ D̂B

� �
to Γ D̂A

� �
. B will offer G a contract such that G’s payment is

just greater than A is willing to pay to change the game from Γ D̂B

� �
to Γ D̂A

� �
.

Another implication of Proposition 5 is that G’s payoff can be greater
than max MA;MBf g. In other words, the winning contract may pay G
more than the maxagg for either player. The following example illustrates
how a monopolist miner can make both players worse off than they were
without the opportunity to mine. We demonstrate that this is the case even
when players are restricted to choosing contracts that maximize aggregate
payoff functions.

Example 4. Consider the game Γ:

x y z

x −1, 2 −1, 3 0, 0

y −1, −1 0, 0 3, −1

z −2, −2 −1, −1 2, −1

where A is the row player. The unique NE of Γ is (y,y). Calculating A’s
aggregate payoff function for D̂A, D̂B, and D̂0 as well as A’s willingness to
pay, we get:

mA D̂Ajs−G

� �
= 2; mA D̂Bjs−G

� �
= − 1; and mA D0js−Gð Þ= 0

⇒ δA D̂A; D̂B

� �
= 3 and δA D̂A

� �
= 2

By symmetry the quantities for B are the same as the corresponding quanti-
ties of A.

The fact that δi D̂i

� �
= 2 > 0 for i=A,B means that both players are willing

to pay to change the game from Γ to Γ D̂i

� �
, so D0 will not be the outcome.

Next, because δi D̂i; D̂j

� �
= 3 > 0 for i=A,B, we know that G will get a payoff

of δi D̂i; D̂j

� �
= 3 in equilibrium. This payoff is greater than Mi −mA

D0js−Gð Þ= 2. In other words, if i’s contract is accepted, then the contract
between i and G pays G more than the increase in aggregate payoffs
Mi −mA D0js−Gð Þ= 2. The reason is that i is paying to avoid having Γ D̂j

� �
become the equilibrium game.
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We also observe that sA D̂i

� �T
UDi

i sB D̂i

� �
= − 1 < 0 = mA D0js−Gð Þ. This

says that i gets less by having the equilibrium contract with G than i would
get if neither player had the opportunity to offer contracts. For j, the player
that does not win the equilibrium contract, the SPE payoff is also −1.
Therefore, the both players are worse off with the opportunity to mine.

G Accepts Both Contracts

We now relax the assumption that G must choose between DA and DB.
After all, if G is a true monopolist game miner and there are gains to be
made by simultaneously contracting with both parties, then G will certainly
want to do this.

The strategies in ΓG must be modified to accommodate this new possibi-
lity. First, a strategy SG for G selects an element of G’s choice set DG after
the history (DA,DB) ∈ D2. Since G can now choose to accept both contracts
if she wishes, the choice set DG is now given by:

DG = DA;DBð Þ; DA;D0ð Þ; D0;DBð Þ; D0;D0ð Þ� �

This induces the game Γ(Di,Dj) where Di (i=A,0) is the contract between A
and G and Dj (j=B,0) is the contract between B and G. Therefore, the
game Γ(Di,Dj) is one in which A’s preferences are UDi

B and B’s preferences
are U

Dj

B . This means that the stage three strategy profile s−G= (sA,sB) is
defined on D2 so that si : ðDÞ2 ↦Δi (i=A,B). In other words, players select
a strategy for every possible post-contract subgame of the form Γ(Di,Dj).

We refer to the stage three game that is played in equilibrium of ΓG as
the equilibrium game. If G accepts only DA, then the equilibrium game is
Γ(DA). If G accepts DA and DB, then the equilibrium game is Γ(DA,DB)
and so on. The game Γ(DA,DB) was not possible when G could only accept
a single contract. However, when G can accept both contracts it is possible.

This raises the issue of determining how A chooses DA given that B is
choosing DB. Given a function s−G= (sA,sB), B’s contract DB and G’s deci-
sion SG, A chooses a contract in order to maximize his payoff.

max
DA

sA DSG DGð Þ
� �T

UDA

A sB DSG DGð Þ
� � ð4Þ

This gives rise to a best response correspondence for A.
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Definition 4. Player A’s best contract response correspondence given s−G
is a set valued function ΦA ⋅js−Gð Þ : D↦ 2D that gives all of the contracts
DA that maximize Eq. (4) when B makes contract DB given s−G.

By requiring that s−G selects a NE of every post-contract subgame, we
guarantee that sA DSG DGð Þ

� �
is a best response to sA DSG DGð Þ

� �
and vice versa.

When s−G meets this requirement, the best contract response correspon-
dence amounts to a best response correspondence for the extensive form
game. The following result uses the concept of a best contract response cor-
respondence to categorize a monopolist game miner’s payoffs when able to
accept both contracts.

Proposition 6. The monopolist game miner’s equilibrium payoffs under
the restriction that G can only accept one contract are always as good
and sometimes better than her payoffs without that restriction.

Proof. Suppose δA D̂A

� �
≥ 0 and/or δB D̂B

� �
≥ 0 and δA D̂A; D̂B

� �
≥

δB D̂B; D̂A

� �
≥ 0, then with the restriction, G gets δB D̂B; D̂A

� �
. However,

without the restriction, there is the possibility that for some DA and DB,
A and B both prefer Γ(DA,DB) to Γ D̂A

� �
and Γ D̂B

� �
. If DA∈ΦA(DB) and

DB∈ΦB(DA) given s−G, then this will be an equilibrium. When the equili-
brium game is Γ(DA,DB), neither player is paying for exclusivity, so G’s
payoff is zero instead of δB(DB,DA).

Further, the threat of an outcome Γ(DA,DB) can never induce i to pay
more than δj D̂j; D̂i

� �
for exclusivity. This is because δj D̂j; D̂i

� �
is the value

for j of going from Γ D̂A

� �
to Γ D̂B

� �
. Given that i pays for exclusivity,

there is no payment that j can make to change the game from Γ D̂A

� �
to

Γ(DA,DB) because i’s contract is contingent on exclusivity. □

Proposition 6 says that a monopolist game miner cannot be made worse
off by restricting herself to accept a single contract. The reason is that
when G does not restrict herself, then she does not give up DA in order to
accept DB. Therefore, if G accepts DB, then her best response is to accept
any contract DA for which her payoff under Γ(DA,DB) is at least her payoff
under Γ(DB). Knowing this, A will choose DA such that G’s payoff under
Γ(DA,DB) is exactly what it is under Γ(DB). The same holds for B.
Therefore, G is made worse-off by the ability to make contracts with
both players. Put differently, the threat of an equilibrium game Γ(DA,DB)
never induces the players to pay more, and it is sometimes better for the
players.

The above suggests that the one-contract restriction might be the result
of payoff maximizing behavior. That is, G’s payoff in equilibrium of the
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one-contract game might be equivalent to a payment not to contract with
the other player. Hence, the restricted game is equivalent to a game in
which A and B submit two-element stage-one offers, (Di,zi), where Di is the
matrix of strategy-contingent transfers and zi is a payment not to make a
contract with j. If zi= 0, then i places no exclusivity restriction on G’s
acceptance of Di. Therefore, G’s payoff from accepting A’s contract is
zA+ sA(DA,D0)

TDAsB(DA,D0). If zA= zB= 0 then G’s payoff from accepting
both contracts is sA(DA,DB)

T(DA+DB)sB(DA+DB).

Sequential Contracts

We now examine the role of timing on game mining outcomes. The game is
exactly as previously described, except that A first selects a contract to be
observed by B before B selects a contract. In this setting we find that A
may have a first-mover advantage and also that contracts are not equiva-
lent to the pre-commitments of Renou (2009). Both points are demon-
strated in Example 5.

Example 5. Consider the game Γ where A is the row player. The unique
NE of this

x y z

x 2,5 0,0 5,4

y 1,3 1,2 2,0

z 0,3 0,1 2,0

game is(x,x). Note that x is a strictly dominant strategy for B. By
Proposition 3, there is no contract DA such that A gets a better payoff in a
NE of Γ(DA) than in a NE of Γ. Despite this fact, there is a contract DA

such that

sA DA;D
�
B

� �T
UDA

A sB DA;D
�
B

� �
> sA D0ð ÞTUAsB D0ð Þ

where D�
B ∈ΦB DAjs−Gð Þ is a best contract response to DA given s−G. In

other words, there is a contract DA such that when B chooses his best con-
tract response to DA, A gets a higher payoff in Γ DA;D�

B

� �
than in any NE

of Γ. To illustrate, suppose A signs a contract with G to pay G2 whenever
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the outcome is (x,x), then the unique NE of Γ(DA) is (y,x). The post-
contract game, Γ(DA), is given by:

x y z

x 0,5 0,0 5,4

y 1,3 1,2 2,0

z 0,3 0,1 2,0

Then B’s best contract response is a contract D�
B that promises to pay

G4 if the outcome is (y,x) and 3 if the outcome is (y,y). This will make (x,z)
the unique NE of Γ DA;D�

B

� �
.

x y z

x 0,5 0,0 5,4

y 1,−1 1, −1 2,0

z 0,3 0,1 2,0

The final outcome gives A his highest payoff from UA, and it gives B his
maxagg. G gets zero in the equilibrium of Γ, Γ(DA, and Γ DA;D�

B

� �
.

Therefore, this outcome is the unique SPE of ΓG.
Note that if B was the first to select a contract, then B would choose D0

to which ’s best contract response is D0. Both players would be willing to
pay for the right to move first. A would pay the difference between his pay-
off in Γ DA;D�

B DAjs−Gð Þ�
and Γ, which is 5. However B would only be willing

to pay the difference between his payoff in Γ and Γ DA;D�
B

� �
, which is just 1.

This example draws a sharp distinction between game mining and pre-
commitments to play or not play certain strategies. Suppose A instead
selected a contract that made x a never-best-response. Then B’s best
response is D0, and the outcome is (y,x), which is worse for A. A does not
want to commit to not playing x because (x,y) is the ultimate goal. He
rather wants to commit to (x,x) not being the outcome, so that B will com-
mit to (y,x) and (y,y) not being the outcome.

Exploiting contract timing is yet another way that game miners can
extract profits from players even when players are making the offers. Since
A has a first-mover advantage, and B has a second-mover disadvantage,
both are willing to pay to move first. Suppose A recognizes this advantage
before B and approaches G with his desired contract DA. G could poten-
tially put A on hold and notify B to start a bidding war over the first-mover
advantage. The first-mover advantage is worth more to A than it is to B,
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five versus one, so A would end up paying B’s maximum willingness to pay
for the first-mover advantage. In contrast to the discussion above where
players make simultaneous offers and G accepts one contract, this type of
bidding war can happen even though G is free to accept both the contracts.

G Makes Offers

Until this point we have assumed a particular bargaining structure in which
A and B make take-it-or-leave-it offers to G. This implies that G’s only
bargaining power is in rejecting contracts that result in negative payoffs.
Suppose now that we change the game so that G makes publicly observable
offers to A and B. Then A and B simultaneously accept or reject the offers
G has made. So A and B will now accept any contract that does not make
them worse off, given the other’s choice. This clearly places more power in
the hands of G.

To accommodate the new structure of the game, we alter the definition
of strategies. Now G’s stage one strategy is sG∈D2. A and B have binary
stage two strategies s2i : D

2 ↦ faccept; rejectg and stage-three strategies
s3i : D

2 ↦Δi (i=A,B), which we sometimes shorten to be s2−G and s3−G. So
G selects a contract for each player, sG. Then each player chooses to accept
or reject the contract they are offered, s2−G. Finally, the players play the
post-contract game according to s3−G.

We want to characterize G’s payoffs in an SPE. To do so, consider the
following devious plan where G can sometimes create a high-order prison-
er’s dilemma between A and B. This is illustrated in the example below.

Example 6. Consider the game Γ where A is the row player and both
players have a strictly dominant strategy to choose z.

x y z

x 5, 5 1, 5 1, 6

y 5, 1 1, 1 2, 2

z 6, 1 2, 2 3, 3

The unique NE is (z, z), and both players get a payoff of 3. Then if G
offers the following contract to A

DA =
2:99 − 2 0

3 − 1 − 3

4 0:5 0

2
4

3
5
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the unique NE of Γ(DA) is (y,z). A’s payoff in Γ(DA) is 2− (−3)=5, so A
would accept DA, getting 5 rather than 3. B’s payoff in Γ(DA) is 2. If G
offers DB =DT

A to B, then the equilibrium of Γ(DA,DB) is (x,x). The payoff
to B is 5 − 2.99= 2.01. Therefore, B would accept DB given that A accepts
DA because he will get 2.01 rather than 2. By the symmetry of Γ, DA, and
DB, we know that each player i prefers to accept Di regardless of whether
j≠ i accepts or rejects his offered contract.

This is very similar to a prisoner’s dilemma game because each player
i=A,B has an incentive to accept Di regardless of whether j ≠ i accepts Dj.
This moves the players from Γ, where the unique NE gives them (3,3), to
Γ(DA,DB), where the only NE gives them (2.01,2.01). By playing A against
B the game miner gets 2(5− 2.01)= 5.98.4 The situation can be visualized
alternatively as the following PD game where A is the row player and B is
the column player, and the payoffs are given by the unique NE of the
resulting post-contract games:

accept DB reject DB

accept DA 2.01, 2.01 5, 2

reject DA 2, 5 3, 3

Note that G once again moves the game from an inefficient equilibrium
to an efficient one. However, as a profit maximizer, the game miner cap-
tures the efficiency gains.

The example above shows that G can potentially do better for herself
by selecting contracts that both A and B will accept than by contracting
with one player exclusively. The intuition for why this is possible is that
G relies on the fact that Γ(DA) and Γ(DB) will never obtain in equili-
brium. Therefore, G is free to offer contracts DA and DB such that she
loses money in the unique NE of Γ(DA) and Γ(DB). This allows her the
flexibility to make sure the NE of Γ(DA,DB) is in her favor. Note that
this result does not rely on the fact that both players have strictly domi-
nant strategies. It is simple to construct examples for games in which
only one player has a dominant strategy or neither player has a domi-
nant strategy.

The following proposition provides an upper bound on the game miner’s
payoff when she extracts profits according to this scheme.

Proposition 7. The maximum that a monopolist game miner can profit
by offering contracts (DA,DB) such that A and B have weakly dominant
strategies to accept is
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max
xA;xB

xTA UA þUBð ÞxB − min
x
0
A
;x
0
B

x
0T
AUBx

0
B : x

0
B ∈RΓ

B x
0
A

� �� �

− min
x
00
A
;x
00
B

x
00T
A UBx

00
B : x

00
A ∈RΓ

A x
00
B

� �� �

Proof. The first term is the maximum amount that A and B can earn
in any outcome of Γ. The second term is the minimum amount that G
can force B to get by designing DA such that x

0
A is a best response to x

0
B.

This is because G is constrained so that x
0
B must lie on B’s best response

correspondence for Γ. The third term is the equivalent of the second
term for A rather than B.

Suppose G earns more than this maximum, then

sA DA;DBð ÞT DA þDBð ÞsB DA;DBð Þ> max
xA ;xB

xTA UA þUBð ÞxB::: ð5Þ

− min
x
0
A
;x
0
B

x
0T
AUBx

0
B : x

0
B ∈RΓ

B x
0
A

� �� �
− min

x
00
A
;x
00
B

x
00T
A UBx

00
B : x

00
A ∈RΓ

A x
00
B

� �� �

but because A and B each have a weakly dominant strategy to accept,
we know that

sA DA;DBð ÞT UA −DAð ÞsB DA;DBð Þ≥ sA D0;DBð ÞTUAsB D0;DBð Þ

and

sA DA;DBð ÞT UB −DBð ÞsB DA;DBð Þ≥ sA DA;D0ð ÞTUBsB DA;D0ð Þ

Together, these inequalities imply

sA DA;DBð ÞT DA þDBð ÞsB DA;DBð Þ≤ sA DA;DBð ÞT UA þUBð ÞsB DA;DBð Þ…

− sA D0;DBð ÞTUAsB D0;DBð Þ− sA DA;D0ð ÞTUBsB DA;D0ð Þ

The left-hand side is G’s profit, and the maximum of the right-hand
side is given by the right-hand side of inequality 5. Therefore, we have a
contradiction. □

This result is important because it says that the game miner cannot make
an arbitrary profit from the players by giving each a dominant strategy to
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accept her offer. Therefore, the game miner’s profit and any efficiency loss
for the players are always limited.

DISCUSSION

As mentioned in the introduction, the game mining analysis opens up sev-
eral new research areas. One natural extension is to consider game mining
situations in which there are more than two players or even with multiple
game miners. With multiple players simultaneously choosing contracts, the
blocking and exclusivity concerns we address above are likely to become
much more complicated. An open question is how the market structure
affects the game miner’s opportunity to profit.5

Yet another research question is whether replacing the structured bar-
gaining between players and game miners with unstructured bargaining
will change the profitability of game mining. One might also consider the
reverse situation in which the stage game Γ is a game of unstructured bar-
gaining between A and B, but the negotiations between players and game
miners follow structured bargaining. Here, we would have that players
sign contracts through structured bargaining in an attempt to gain an
advantage in the unstructured bargaining that follows. The question is
how would players design contracts to distort their utility possibilities set
in such a way that benefits them in the ensuing unstructured bargaining.
An interesting technical issue arises in deciding whether to allow players
to sign contracts that lead to utility possibility sets that are non-convex. If
so, then a solution concept other than the Nash Bargaining Solution is
needed (see e.g. Kalai & Smorodinsky, 1975; Nash, 1950).

All of this raises a crucial question: Why are not real game mining firms
wreaking havoc on real markets? Game mining appears to be very possible
according to basic game theory, so if it is not generally possible in the real
world, what assumptions are being violated?

There are many potential answers to this question. One tempting expla-
nation is that the payoff structure of most real world games makes them
unable to be mined. This seems a strange assertion because, as shown, even
games in which both players have strictly dominant strategies can be mined
for profit depending on the market structure. Other potential answers are
that the calculations are too difficult in practice, that the time frame in real
world games is too short, that game mining could be considered illegal,
that imperfect information limits game mining opportunity, or that some
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kind of strategic uncertainty makes game mining impractical. These expla-
nations should be explored in future work because they might shed light on
the way game theory applies to real world strategic settings.

There are other questions to explore. For instance, does game mining
imply that certain games should never exist because the minute they appear
they will be mined into an alternate game? In some sense this gives rise to a
meta-game whereby a player that finds himself involved in an easily mine-
able game might assume that the game will be mined and therefore con-
clude that he is actually playing a different game. Or, in a game with
multiple equilibria, one equilibrium might make the game susceptible to
mining by an outside party that ultimately makes both parties worse off
(like what happens when a game miner makes offers that give players
strictly dominant strategies to accept). Therefore, that susceptible equili-
brium might become less likely than an equilibrium that is more robust. In
this way game mining introduces an equilibrium refinement: choose the
equilibrium that makes game mining least profitable.

These questions and others are not only interesting for their ability to
shed light on game mining concepts, but also generally for their ability to
shed light on the non-cooperative theory.

NOTES

1. It might be objected that the threat of the game miner to pay A an amount
after the game has ended is not credible, since after the game has ended, a payment
by the game miner to A will not change the game’s outcome. It is simple to circum-
vent this, for example, by introducing a fourth external player, and have the game
miner enter a binding contract with that fourth player under which the fourth
player gets 3 now, and agrees to pay 2 to A if A does not pay the game miner before
the game with C and also makes moves T in that game. (In essence, the game miner
subcontracts out their threat-enforcement to the fourth player.)
2. Note that A cannot simply say to C before they play with C that A would

refuse to take any funds at the end of the game from the game miner. This claim by
A is not renegotiation-proof, and therefore not credible.
3. Later we introduce the possibility that A and B both make contracts with G in

a sequential structure. Here, there are contracts such that A and G both benefit in
Γ(DA,DB) even though B has a strictly dominant strategy.
4. Of course, the game miner could reduce the contract payoffs for Di(w,w)

(i=A,B) from 2.01 to 2+ ɛ, where ɛ> 0 is an arbitrarily small number, and the
game miner’s payoff would strictly increase without changing any of the equilibria.
The number 2.01 is used here for simplicity.
5. An earlier version of this paper analyzes perfect competition and duopoly

competition among game miners.
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