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Abstract

This paper studies cooperative behavior in communities with a subset of
short-run players. This is done in the context of a repeated Prisoner’s
Dilemma game. The introduction of a short-run player in the population
breaks any equilibrium supported by symmetric pure strategies. Despite
this, | suggest a plausible information technology that ensures a
cooperative outcome by identifying the cooperative members of a
community. This technology resembles the informational institutions that
allow firms to recognize clients and to make them recognizable for other
firms.

Resumen

Este trabajo analiza el comportamiento cooperativo en comunidades que
contienen un subconjunto de jugadores de corto plazo. Esto se realiza en el
contexto de un juego de Dilema del Prisionero repetido. La introduccion de
un jugador de corto plazo en la poblacion destruye cualquier equilibrio
sostenido por estrategias simétricas puras. A pesar de esto, el trabajo
sugiere un mecanismo de informacion plausible que, al identificar a los
miembros cooperativos de la comunidad, asegura la existencia de un
equilibrio cooperativo. Este mecanismo se asemeja a las fuentes de
informacién con que cuentan las empresas para identificar a sus clientes y
hacerlos identificables para las otras firmas.
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Abstract

This paper studies cooperative behavior in communities with a
subset of short-run players. This is done in the context of a repeated
Prisoner’s Dilemma game. The introduction of a short-run player in
the population breaks any equilibrium supported by symmetric pure
strategies. Despite this, I suggest a plausible information technology
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1 Introduction

Community enforcement is a well known mechanism for sustaining cooper-
ation among agents in a society. When transactions among members are
infrequent, there may be social norms that sustain cooperative outcomes. A
key feature of such norms is the threat of sanctions by future partners to de-
ter dishonest behavior. While such punishment structures depend crucially
on the information available to agents, it has been shown that cooperation
can be sustained even with very limited information when a large population
of players is randomly matched. Examples of such results include Milgrom
et al. (1990), Kandori (1992), Okuno-Fujiwara and Postlewaite (1995), El-
lison (1994), Harrington (1995), and Ahn and Suominen (2001). In most of
these models, defection is a dominant strategy of the stage game; cooperation
hinges on the requirement that all players stay in the game indefinitely.

If, however, the transactions of some agents in the society are not only
infrequent but also unique, then there is no reason to expect cooperation from
those members. In certain settings, it may follow that disruption created by
such agents also undermines the ability of the remaining long-run players to
cooperate. This is the setting explored in this paper. In particular, I ask if
and to what degree cooperation can be maintained when short-run players
are introduced. I find that the answer depends crucially on the information
available to agents. The ability of agents to distinguish between long and
short-run players turns out to be critical. To simplify the analysis, I consider
a repeated version of the Prisoner’s Dilemma game with random matching.

Before continuing to the model, it is worth noting that the difficulty
created by short-run players disappears in an environment with perfect in-
formation. For example, in small communities, where members know and
observe each other’s behavior, the presence of newcomers is easily detected,
and cooperation can be sustained. In particular, equilibrium strategies allow
agents to play a cooperative strategy against long-run players and a myopic
strategy against short-run players. This paper focuses on the more interest-
ing settings in which information is imperfect, such as those in which there
is a large population.

In the first part of the paper, I consider the sustainability of coopera-
tion in an environment without information technology. I build on Kandori’s



arguments to show that the presence of a short-run player prevents cooper-
ation in equilibrium when all players use a symmetric pure strategy. The
restrictions imposed by this kind of strategy in this environment are mutu-
ally inconsistent. I show that for any discount factor there are no payofts
such that agents will follow the strategy. The presence of a non-cooperative
player will always trigger the contagious process, destroying the incentives
for long-run players to cooperate.

Next, I allow for a plausible information technology which may be used
to sustain cooperation. I consider a mechanism that attaches labels to those
who cooperate. This resembles the credit history mechanism used by credit
card companies to recognize their clients. I analyze the sustainability of
cooperation given this available information in two cases: one wherein long-
run players enter at the beginning of the game and the other wherein there
are new long-run players entering the game at every period. I show that the
information institutions of this form play an important role. To reconcile
cooperation in the presence of some opportunistic players, at least some
information technology is necessary.

Finally, I show that in transactions where the option of a repeated part-
nership relationship is not available, information technology is the key to
sustaining cooperation. This result is consistent with the cooperation result
obtained by Ghosh and Ray (1996) in a context with heterogeneous agents.
In their model players can identify their opponents and commit to a long-
term partnership. This partnership opportunity constitutes an information
technology that enables the support of cooperation. In contrast, my model
assumes that each subsequent partner is anonymous and randomly chosen.

The paper is organized as follows. Section 2 introduces the specific ex-
ample that will be used throughout the paper. Section 3 presents the case of
perfect observability of types and actions. Section 4 proves why cooperation
cannot be sustained if there is no information available. Section 5 shows
how, with some information about cooperative players, i.e., good reports,
cooperation can be sustained if players are sufficiently patient. This section
also extends the result to a more sophisticated environment where long-run
players enter every period. The last section provides my conclusion.



2 The Model

For the remainder of the paper, I analyze the model described below. There
is a population of M players, where M is an even number. S of the players
are short-run, while the remaining L = M — S are long-run. In each period,
players are randomly matched into pairs to play a Prisoner’s Dilemma game.
The matching rule is uniform and independent across periods with:

. . 1
Pr{ﬂ(lat) =J | htfl} = M — 17

where the function pu(i,t) represents the opponent of player i at time t.

V) # 1, Ve,

In each period, S new short-run players enter the game to replace the
last period short-run players who leave. Thus, the probability of a long-run
S

facing a short-run player in a given period is p = 37

In each period, agents play a stage game in which they decide to cooperate
(C) or to defect (NC). Letting [ > 0 denote the loss when cheated and g > 0
the gain from defection, the payoff matrix is as depicted in the figure:

Player 2
C NC
Player 1 C 1,1 —l,1+g
NC | 1+g,-1 0,0

Short-run players enter the game only for one period. Their discount fac-
tor is zero; they do not care about the future and play only the myopic best
response: NC'. In contrast, long-run players are concerned about the future
and maximize the expected lifetime utility given their common discount fac-
tor 0 € (0,1). In each period they have to decide whether to cooperate (C)
or defect (NC').

Throughout, I focus on the sustainability of the cooperative outcome, in
which long-run players cooperate with one another. I analyze the plausibility
of a sequential equilibrium sustained by contagion strategies which induce
cooperation among long-run players.



3 Perfect Information: Observable Types and
Actions

If all agents’ past actions and types are fully observable, then the cooperative
outcome can be sustained in exactly the same way as in a population of only
long-run players. The only complication resulting from the presence of short-
run players is that players need to be more patient than in the homogeneous
case, i.e., the discount factor required to sustain a cooperative equilibrium is
higher. This model could be thought to describe a small community where
members can readily know and observe one another.

To prove this, I first consider a contagious strategy where long-run players
punish all players if one deviates. In this, the strategy for long-run player ¢
is:

1. In the first period, play (C) when facing a long-run player. After that,
if all long-run players in the population played (C') against each other,
play (C) whenever you face a long-run player.

2. Play (NC) otherwise.
It follows that cooperation will be sustainable if:

§y>0" = $,
(g+1-p)
which is the standard restriction for a two-player repeated Prisoner’s
Dilemma game.

The unappealing characteristic of this equilibrium is that a single deviator
triggers the destruction of cooperation among the whole population. This
calls for a more robust equilibrium. However, for this strategy the only
information players need to make a decision is a general statement of the
whole population: whether there is a non-cooperative long-run player or not.
The identity of each player is not needed for this strategy.

In a setting where agents have full information about the identity of any
deviator, they can adopt a strategy in which they stop cooperating only
against deviators. If players follow the new strategy:



1. In the first period, play (C') when facing a long-run player. After that,
play (C) against long-run players that cooperated against another co-
operative long-run player.

2. Play (NC') otherwise.

Suppose there are K deviators. Define the probability of meeting a de-
viator as k = % In this setting, [ > 0 gives the incentives not to deviate
from punishing. The incentives to cooperate when the strategy asks players

to do so is given by the following condition:

5
—  (1—p—r)>
Lt =1 —p—r)21+g
g

6> 0 =
- (g+1—p—kK)

It follows immediately that 6** > ¢* and that 6 is increasing in x and p.
In other words, as the number of deviators increases, one needs more patient
players to sustain an equilibrium with the contagious strategy. If there are
no deviators, the two conditions are the same, i.e., §* = §*".

In this strategy players need much more information than before. They
need to know the identity and the history of each opponent.

4 No Information: Unobservable Types and
Actions

4.1 Non-Existence of Equilibrium With Cooperation:
Symmetric Pure Strategy Case

In contrast to the game with perfect information, in a setting where interac-
tions are anonymous and agents do not observe the history of other players,
the cooperative result proved in the prior section breaks down. I show that
in a population with one short-run player (S = 1) there is no symmetric pure
strategy supporting cooperation that is an equilibrium strategy. Long-run
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players’ behavior depends on their beliefs regarding the number of deviators
in the population. I denote V;* (b; (S|hit)) the value for player i of following
stage a of the strategy given the belief that there are S players behaving as
short-runs (not cooperating). As players have only two actions available (C
or NC), strategies can only induce players to take one of these actions in
any period. The belief a player has regarding the amount of non-cooperative
players in the society depends on his own private history h;;.

When I consider symmetric pure strategies, the following statements hold:

1. To sustain cooperation the strategy must require long-run players to co-
operate in the first period. If that is not true, one can always disregard
the periods in which the strategy asks agents to defect and restrict
attention to the periods starting with cooperation, in which there is
something at stake for the future.!

2. Any strategy that requires long-run players to cooperate regardless of
history is not incentive compatible. If all long-run players are following
one such strategy, player i's payoffs are:

(1=08)VEQ) =p(=1)+ (1 —p).
If 7 deviates and defects:

1=V (1) =1 ~-p) (1 +9).

Thus, always cooperating would be an equilibrium strategy if:

p(=1)=(1=p)y,
which is impossible given [ and g are both positive.

3. The punishment period is triggered by some history containing obser-
vations of defections. If that is not the case, i.e., if the strategy triggers
defection after a cooperative history, then by cooperating players would
have a present and a future loss. Here, defecting would be a profitable
deviation from that strategy. Hence, there must exist some history G
that triggers defection.

!Defecting is the stage-game dominant strategy for each player. A strategy that asks
players to defect would implement the stage game Nash Equilibrium the first period. There
are no incentives for players to deviate from that; nothing is at stake for the future. Those
initial periods can be disregarded in the repeated game.

7



It is clear that any strategy that supports cooperation among long-run
players will require them to cooperate in the first period of the game and
will induce defection only after a history where they suffered defection. As
players are anonymous, histories only contain their own and opponents past
actions.

In order to support cooperation among long-run players, a symmetric
pure strategy would consist of two stages:

e Stage I: Long-run players will have to cooperate in the first period,
after the null history, given they know there is S = 1 short-run player.
Long-run players have to cooperate as long as history GG did not occur
or after the T periods of punishment took place. The value of being in
this stage is denoted V7 (b; (S|hs)) .

e Stage II: Long-run players will have to defect for 7" > 1 (possibly infi-
nite) periods after history G; in history G they experienced defection.
This is denoted V' (b; (S|hy)) .

Notice that history G is quite general. It includes any history in which
defection has been observed. G can specify the total number of defections or
only those observed in certain (even/odd) periods, the number of recurrent
defections, etc. The length of the punishment period is also flexible. It can
be finite or infinite, and it can be coordinated by a public randomization
device or not.

I argue that the strategies described above are not equilibrium strate-
gies when there is a short-run player. It is worth noting that in each pe-
riod, before choosing an action (cooperate or defect), each long-run player
forms a belief regarding the number of non-cooperative players in the society.
Thus, different histories of play may induce different beliefs. We call S the
number of non-cooperative opponents in the society and b; (S|h;;) the belief
regarding the number of non-cooperative opponents in society after history
h. Each private history implies a distribution of the non-cooperative play-
ers, b(S|hy) = pmf(S; | hit), and a single distribution might be induced by
different histories of play. Notice that:

b(S|0) =pmf(S|0)={S=1, Pr(S=1)=1}.



The result is:

Theorem 1 In a uniform random matching model with an even number of
players and one short-run player, the symmetric pure strategies described
above are not equilibrium strategies.

Proof. Given that the number of short-run players at the beginning of the
game is known by all long-run players, the first period incentive constraint
is:

VI (b (S10)) = V' (b (S10)) - (Ro)

History G triggers the punishment period, in which long-run players
should defect.? For every G there exists a history G such that b(S|G) =
b(S]0), i.e. after G players believe there is only one non-cooperative player
in the population. For instance, G can be the history in which player ¢ has
only met the short-run player. As the expected payoffs of a player are only
affected by the distribution of non-cooperative players in the society, after
observing G, player ¢ will follow the stage II of the strategy if:

o (0(s0) 200 (50).

Thus, Rz implies that there is no profitable one shot deviation (denoted
VD) to VST (bi (5|é)>. Given that b(G) = b(#), by the null history’s

condition Ry we know that there is a profitable deviation to V(b(G), NC)
and that is V(b(0),C). The one-shot-deviation principle establishes that if
there is a profitable deviation, then there is a one-shot profitable deviation:
Vo (bi <S|é>> <vpP (bi <S|é>) Thus, both restrictions Ry and Rz can
only hold with equality.

To see this, consider the value of deviating from Stage II by cooperating
for K periods: V7% (b; (S|0)) . We can rewrite Rz as:

Vi (b; (S10)) = V7 (bi (S10)) -

By induction, given that I can always disregard the beginning periods of
cooperation:

2@ describes the conditions under which (number of defections, frequency and periods
in which they occurred) a player should start defection for N periods.



VPR (b; (S10)) > V5 (b, (5]0))

If the restriction making Rz incentive compatible is satisfied, then it has
to be the case that:

VS (b (S10) = Vi (b (S10)) > VP (b (S10)) > Vi (bi (S10)) = Vi (bi (510))

Under the null history, the strategy is incentive compatible if and only
if the restrictions are satisfied with equality. This implies that players have
to be indifferent between cooperating and defecting at the beginning of the
game.

Depending on G, there exist other private histories that induce the same
belief regarding the number of deviators in the economy (K). In some cases,
G occurred and the strategy asks for Stage II, while in the other G did not
occur and it requests cooperation (Stage I). Given this new belief, the two
incentive compatibility constrains require equality again. Two possibilities
need to be considered. First, if i's defection does not affect future play of his
opponents, this is not an equilibrium strategy. There is nothing at stake for
the future, and (NC) is a best response in the one-shot game, breaking the
indifference. Secondly, if i's defection does affect the future, then it has to be
exactly in the same way that it did under the starting belief. As a result, the
marginal effect of an extra defection is constant for any number of defectors
in the population. This is false. The effect of i's behavior is decreasing in
the number of deviators given that the probability of history G is greater for
all non-defecting players when there are more defectors in the population.?
]

This general argument implies that any symmetric pure strategy that
attempts to sustain cooperation among long-run players is not an equilibrium
strategy because it requires different responses for the exact same beliefs.
This argument can be extended to the case of asymmetric pure strategies,
as we show in Appendix 1. A contagious strategy & la Kandori is a special
example of the general strategy described above. In that strategy N = oo, G
states “defect after you experienced a defection or after you have defected,”

3This proof follows Ellison’s 1994 reasoning closely, acknowledging that a defection
triggers stage II only in the case of a contagious strategy. For more general strategies, it
is in any way affecting the probability that the trigger (G) occurs, and the same reasoning
ensures that the marginal effect of a deviation decreases with the number of deviators.
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and D implies cooperation for one period and defection ever after. A detailed
proof for this example is presented in the following section.

4.2 The Contagious Strategy With a Short-Run Player

In this section I focus on the proof for the contagious strategy case. I show
that this commonly used strategy is not an equilibrium strategy when there
is a short-run player in the population.

It is straightforward to show that under assumptions of no information
and anonymity a contagious process will spread with probability one. In
other words, the probability that the short-run players are the only ones
not cooperating in equilibrium approaches zero. The probability that the
number of non-cooperating players does not increase in a period given long-
run players following a contagious strategy and with S short-runs is given

by:

j=0 M—(1+2j)

Py(S) =
b(5) 0 if S is odd.

S_1 g- N .
{ 2 o) e g g even,

Taking the limit as the number of independent interactions goes to infin-
ity:

tlim [Py(S)]" =0 VS.
Given this, the contagious process will start almost surely.

The following result shows that a contagious strategy cannot support
cooperation among long-run players when there is a short-run player in the
population. In other words:

Proposition 2 In a uniform random matching model with an even number
of players and one short-run player, a contagious strateqy is not an equilib-
rium strategy.

Before proving the proposition, it is necessary to introduce notation and
prove some preliminary results. Following Kandori’s (1992) paper, 1 will

11



define the diffusion Markov matrix A, of dimension (M x M) and define
X; as the number of non-cooperative players at time ¢. Each element of the
matrix is defined by a;; = Pr(Xy1 =7 | Xy =1). Notice that a;; = 0 for
all (j <1i), for all j odd and for all j > 2i. An example of matrix A when
M = 6 is provided in Appendix 4. Matrix A has a unique absorbent state,
which occurs when all M players are non-cooperative. For later use, define
T=75(M-1,M~-2M-3,---1,007, a column vector of dimension
(M x 1). The ith element of T represents the conditional probability that
a non-cooperative player meets a cooperative player given that there are
[M — i] cooperative players in the economy. In addition, e; is defined as to
be the [1 x M| row vector with ith element 1 and zeros everywhere else.

In this setup, the contagious strategy has two stages:

e Stage I: Start the game cooperating, then play (C) if you played (C')
before and nobody played (NC') against you.

e Stage II: Play (NC) if you played (NC) before or someone played
(NC) against you. That is, after these histories the strateqy asks you
to behave as if you were a short-run player.

Each stage imposes a constraint on the parameters for which the strategy
can be sustained in equilibrium. Restriction I, the one imposed in Stage I,
asks players to cooperate when they have experienced a history of all coop-
erative encounters. To keep track of player’s histories, I define A = 1 when
all prior interactions are cooperative and A\ = 0 otherwise. Restriction II, on
the other hand, asks players to defect after any non-cooperative encounter.
It is worth noting that Restriction II in Kandori’s framework refers to out-
of-equilibrium behavior. In contrast, in this model this restriction occurs on
the equilibrium path, imposing an additional restriction on players’ beliefs
regarding the number of non-cooperative players.

To check whether the contagious strategy is an equilibrium strategy, sup-
pose first that all but one long-run player follow this strategy, then consider
the incentive to deviate for the remaining long-run agent. For the agent
not to deviate, there must exist a set of parameters (I, g,d) such that the
following two conditions hold:

12



1. First, for all ¢ such that all previous encounters have been cooperative,

E [VI(S) | S, =1] — E, [V (S,) | S, = 1] > 0. (Rp)

2. Second, for all £ and all non-cooperative histories,

E, [V1(S,) | S, =1] — B, [VP(S) | S, =1] > 0. (Ri1)

Here, Si* refers to the number of players, excluding the decision maker,
who behave myopically in period t. D refers to the behavior in which an
agent cooperates for one period and does not cooperate ever after (a one-
shot deviation from stage II).

In this game players form beliefs about the number of short-run-behaving
players in the society following each cooperative history. Given those beliefs,
the restriction R; says that a player should prefer to continue cooperating
rather than to deviate and defect forever. In each case, agents know the
initial number of short-run players and the contagious process as represented
by matrix A.

Before moving on to the proof, I present a series of preliminary results to
ease exposition.

1. After the first period, the number of non-cooperating players is uncer-
tain. For any uncertain S, I define the value in ¢ of following each
stage of the strategy as,

E V(S | S, =1] =

M—1
ZPr(St = 2| S,=1and A\ =1) x V9 (2),
=1

E [V(S) S =1] =

M—1
Z Pr(S, = x|S,=1and A=0)x V(z).
=1

4Notice that X, includes all players while S; excludes the decision maker. When the
decision maker defects X; = S; + 1.

13



2. The value of not cooperating when all opponents are defecting is zero.

In other words,
VSI(M —1) = 0.

3. After observing a cooperative outcome, a player knows with certainty
that it is not the case that all prospective opponents are defecting.
Thus, given the information about the diffusion process contained in
matrix A, players update their beliefs regarding the number of non-
cooperative players in society by shifting the weight assigned to the
case S = (M — 1) to the remaining alternatives. In particular,

Pr(S;=M—-1|S,=1and A\=1)=0.

4. After a cooperative history of ¢ periods the only consistent belief will
put high probability on the event that all but one of the prospective
opponents are defecting. That is,

lim [Pr(S; =M —-2|S,=1&A=1)]=1.

t—o00

The intuition is as follows. Matrix A involves a diffusion process that is
shifting weight to a larger S, since it is an upper-triangular matrix with only
one absorbent state when S = M. However, when a player has experienced
a t period history of cooperation he knows for sure that not all players are
defecting (see point (3) above). Thus, after ¢ periods he knows that all events
where S € {2, (M — 2)},S even, have positive probability. Given that A is
upper triangular and that the probability of staying at any given state S
is decreasing in S, the event probability is accumulating at the largest S;
allowed by the observed history. This event is S = (M —2).

5. In stage II of the game, the value of not cooperating is decreasing in
the number of players already not cooperating in the economy. That
is,

VEI(S) > VO (S 4 1).

Notice that for any S, we can rewrite the value function
o0
VI(S) =Y " dlesAlT,
t=0

14



as in Kandori (1992). In this alternate expression, eg 1 A" first order
stochastically dominates egA?. Given that 7 is a decreasing function,
the result follows.

With these pieces in place, I am now ready to prove Proposition 1.
Proof. I want to show that

{(lg) : Rr >0y N {(l,9) : Rir > 0} = 0. (1)

I first consider Ry, i.e.,{(l,g) : R; > 0}. By points (1) and (4) above, it
suffices to analyze the restriction when S = (M —2). That is, after any
history of ¢ cooperative encounters, a player is almost sure that there are
(M — 2) non-cooperative players and the strategy asks him to prefer to co-
operate the next period rather than deviate and not cooperate. Thus R; can
be replaced by the restriction

VS (M —2) — V(M —2) > 0. (2)
Moreover, since
V(M —2) = {% - i‘i (=) + (1 - E]\]Z - i;ﬂ 15 (11_ %:3)

and
VS (M —2) = 1—72 (1+g).
(M —1)
Condition (2) can be rewritten

(146) < [1 = 1(M = 2)) -——— (Rioi)

(M-1)

Next, consider the second bracketed term on the left hand side of (1). It is
necessary to show that for any number of expected non-cooperative players, a
player in Stage II prefers to defect rather than to deviate by cooperating one
period and defecting thereafter. In particular, if a player meets the short-run
player in Period 1, he knows there is only one non-cooperative opponent, and
Stage II of the strategy asks him to defect. Thus, in that particular case, the
restriction is

15



Ry = V(1) = VP(1) > 0,
where

1 (M—2) (M2
By = ' Y ar=)? T ar=

§ [Vor(2) — Vo (3)].
With S = (M — 3), the restriction is

Rrrv—z) = V(M —3) = VP(M —3) >0,
where

(M — 3) 2 2
Rrrvm-3) = (M—l)l+ (M—l)g_ (M_1)25(1+9)-

This restriction implies

5 - (RII(M—3))

(1+g)> [1—1(M_3)} 1_1_
@)

2

From this, it is straightforward to show that®
{(,9) : Rr >0} n{(l,9) : Rirua—3y =20} =0, Vi,g>0, Y6 (3)

It remains to show that for all (I, g), [ > 0, g > 0, for which R;;—3 > 0
is true then R;ri) > 0.is also true. It will then follow that Ry > 0 =
Rrrv—3) = 0. Given that both equations are linear in [ and g, it is sufficient to
look at the restrictions when [ = 0 and g = 0 and show that the § intercepts
are larger when the restriction R;7(1) holds than when the restriction R;rr—3)
holds. Thus, with two linear restrictions, four intercepts are considered: two
when g = 0 and two when [ = 0.

When g = 0 and restriction Ryr1) holds,

-y
Rrray(g=0) — (M _ 1) (M _ 3)

§{M — 3+ (M — 4) A},

SIf we picture the restriction on the (I,1+ g) space, the y-intercept is the same for
both equations (7= L—)and the x-intercept is larger in Ry;(1).(375 > 57—3)(See Figure
M—-1

2 below).
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where A = 3V (3,NC) + (M —8)V(5,NC) — (M —5)V(7,NC) > 0, by
point (5) above. Alternatively, when we consider R;;s—3),

20
lRII(M*?:)(g:O) - (M —1)(M—3)

Thus, for any M > 4; lRU(1)(9=O) > ZRH(Mﬁ%)(Q:O)'
When [ = 0 and restriction Ry holds,

o 1 5% (M — 4
and when Rjj/—3) holds,
0
IRi1a-a)(=0) = T 5

since A > 0, 9R;1(1)(1=0) > IR 1(r1—3)(1=0)-
It follows that, R][(l) >0= R[[(Mfg) > 0.
Finally, this implies:

{(,9) : Rr >0}y n{(l,g) : Risu—3y >0} = 0 Vi,g>0, V6=
{(l.g): Rr >0y n{(l,9) : Rrsy 20} = 0 Vi,g>0, V0.

By Condition 3 above, the former condition holds, establishing the latter.
There is no set of parameters (, g, §) such that both restrictions hold, proving
the theorem.

A graphical display of the analysis is presented in Figure 1.° The inter-
section where both restrictions are satisfied is outside the relevant payoffs
range. W

To sum up, I have shown that when there is a short-run player, the conta-
gious strategy is not an equilibrium strategy. The contagion will eventually
affect the whole population. The threat of a faster contagious process after
a deviation does not prevent agents from deviating to get (1 + ¢g) and avoid
the loss of [ today.

6Payoffs g < 0 (1 +g < 1) are not the ones described in this paper. The axis in the
graph are just convenient for the graphical representation. The relevant range is (1+g) > 1.
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Figure 1: Non-existence of equilibrium

5 Identifying Cooperative Behavior

Given the previous section’s result, when players use contagious strategies
some information regarding opponents is necessary to get cooperative be-
havior. I now consider a plausible information technology that resembles the
informational institutions that allow firms to recognize clients and to make
them recognizable for other firms. Some real life examples of these informa-
tion systems are airlines’ frequent flyer programs, credit history and credit
cards’ holders.

The following information technology is considered: Label all players who
cooperated in the first period. Thereafter, erase labels from those who defect
against labeled opponents. After the first period, the technology monitors
only transactions among labeled agents. All players enter the game unla-
beled and at the same moment. This technology enables the identification of
cooperative players, separating them from the S short-run players and the
deviators.

Players observe their opponents labels after the first period. I consider
the following strategy: Cooperate the first period. Cooperate with labeled
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opponents if you are also labeled. Otherwise defect.

To verify that this is a sequential equilibrium strategy, I need to check :
1. (NC) once you are unlabeled is better than (C)
2.(NC) against unlabeled people is better than (C')
3.(C) against labeled people is better than (NC)
4.(C) at the beginning is better than (NC').

Player i makes his decision taking into account: whether i is labeled (L;)
or unlabeled (U;) ; whether his opponent j is labeled (L;) or unlabeled (U;);
whether 7 has seen a defecting labeled opponent or not (D; or ().

Proof. | > 0 ensures that (NC') once unlabeled is better than (C') with all
opponents and that (NC') against unlabeled people is better than (C') when
labeled. Notice that the value to a player i of not having a label after period
one is:

VvNCU, j)=0 Vi

VNC(L;,U;) > Vi€ (L;, U;) because there is nothing at stake for the fu-
ture. The information technology is not monitoring this transaction; no
matter what i does; i will have a label next period, and j's beliefs do not
change with 7’s action.

I need to show that (C') with labeled people is better than (NC'). Each
labeled player i has to cooperate (C') with labeled opponents given his beliefs
regarding the amount of unlabeled long-run players in the economy K (0 <
K < L —2), who represent a proportion x of the population. Once player i
meets labeled player j, it is required that V,°(L;, L;, K) > VNY(L;, L;, K),
so that:

0
- - — >
L+ —5(0—p—r)21+g

5> 6 = g .
g+(1—-p—r)

Notice that 6 € (0,1) and is increasing in k. The larger the proportion of the
population that has already deviated, the more appealing it is for another
long-run player to deviate. For any history in which a player met a labeled
opponent, x is lower than ﬁ which implies that (1 — p— k) is at least ﬁ
so 0" is less than 1. Finally, it has to be the case that cooperating (C') at the
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beginning of the game is better than defecting (NC'),

VW) = VYO
P+ (=Pt ro=(1=p) > (1=p)(1+)
5> 5o Prl-rg

pl+(1—=p)(1+g)

Notice that 6 € (0,1). m
When k = 0, the difference between the two discount factors depends on
the difference between the payoffs, in other words:

sgn(0™ — 3) = sgn(g —1).

If g > [, 6" is the binding condition given that the temptation to cheat
against a labeled player is high. If g <[, ¢ is the binding condition, because
there are high incentives to avoid the possible loss when cheated in the first
period. Naturally, for large x, §* is the binding condition.

This technology involves the payment of a fee in order to belong to the
‘labeled club’. Players pay at the beginning of the game for the monitoring
of the first transaction.

The payoft for following the strategy in this setting is given by:
C 1
Ver =p(=l)+—= 1 —p).
1—90
Thus, this system involves a present loss given by the probability of meet-

ing the short-run player. This loss enables the system to identify cooperative
long-runs forever.

5.1 Sequential Entrance of Long-run Players

As an extension of the previous model I allow long-run players to enter the
game at any time. A realistic information technology would need to include
this possibility.
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In each period a proportion N of the long-run players is replaced with new
long-run players. Thus, in any period, the opponent is an unlabeled short-
run player with probability p = Mi_l and a new long-run with probability
n = % Notice that 7n affects the survival rate of the long-run players.
In particular, if in every period there are M — S long run players, then
the probability of being replaced is given by m = %.7 The information
mechanism monitors all interactions involving labeled and new players in
all periods. This enables it to enforce behavior of labeled opponents and
to evaluate new players. We assume that the mechanism recognizes new
players.®

Players observe their opponents labels every period and are aware of the
replacement rate of short and long-run players. I now consider the following
strategy: Cooperate your first period. Cooperate with labeled opponents if you

are also labeled, otherwise defect.

To verify this strategy conforms a sequential equilibrium, we need to
check:
1. (NC) once you are unlabeled is better than (C)
2.(NC) against unlabeled people is better than (C')
3.(C) against labeled people is better than (NC')
4.(C) in your first period is better than (NC).

Proof. The value to a player ¢ of not having a label is:

Ui

v, j)= T—o(—n

(1+g) V5

VNC (U, 5) > V. (U;, j) because there is nothing at stake for the future.
The information technology will not change #’s status; no matter what i does,
i will have a label next period. Beliefs of j do not change with #'s action.
The same is true for a labeled player i facing an unlabeled opponent. As the
only difference is the present behavior, these restrictions are satisfied because
NC'is a dominant strategy of the stage game.

"m < 1 implies that N < M — S, thus the proportion of long-runs that are replaced
cannot be larger than the proportion of long-runs. Adding a survival rate is the same as
reducing the discount factor to ¢ = 6(1 — ).

8And new players are essentially different from unlabeled old players. This is a non-
forgiving mechanism: once a player lost his label, he can’t recover it.
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I also need to show that (C') with labeled people is better than (NC).
Each labeled player i has to cooperate (C') with labeled opponents given his
beliefs regarding the amount of unlabeled long-run players in the economy K
(0 < K < L—2), who represent a proportion x of the population. Once player
i meets labeled player j, it is required that V.(L;, L;, K) > V;NY(L;, Lj, K),
so that:

%(1—/)—&—77)29

5(1-@2[5(1—@]*:%(1_/{_%_”).

Notice that [§ (1 — m)]" € (0,1) and is increasing in . The larger the propor-
tion of the population that has already deviated, the more appealing it is for
another long-run player to deviate. Given a player met a labeled opponent,
k is lower than £=2 which implies that (1 — p — k —n) is at least —1— so
[6 (1 — )] is less than 1.

Finally, it has to be the case that cooperating (C) when entering the

game is better than defecting (NC), so that:
Ve = v

1§(51(Ii)7r) (I=p=n) = pl+(1=p)g

e pl+(1-p)g
W=m = = = e

Notice that 6 (1 —7) € (0,1). =

All restrictions are similar to the case with common entrance except that
they are on the effective discount factor, which is modified by the survival
rate. With the presence of new long-run players, every period requires more
patient players. Now the loss from deviating is lower than before since the
payoff of being unlabeled is now positive because some opponents will be
trying to earn a label. Players need to be much more patient when there is
entrance every period.

The payoff for following the strategy in this setting is given by:

VG = p(—0) + (1—p) + 5<1‘”))<1—p+ng>.

1-6(1—m
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This system involves a present loss given by the probability of meeting the
short-run player that enables the system to identify them forever.

Due to the survival probability, the value of cooperating in this setting
is lowered. Nevertheless, if the payoff derived when defecting against a co-
operative player is large enough (large g), then this sequential entry system
might involve a higher payoff than that with only one entry. The new players
not only forgo some income at entry but also generate a positive payment to
the existing long run players.

Comparing the two equilibrium outcomes for a § that supports coopera-
tion under both settings; the gain from sequential entrance has to be larger
than the loss of it, as:

(1 —m) om(1—p)
—s0-m™ < T [i-5(—-n)
m(1—p)
2 T ma-0)
, 1 M-S-1

1-0)M—-S—N

The gain from defecting has to be larger than the present value of the pro-
portion of long-run opponents to old long-run opponents. More new players
involves a lower probability of surviving and thus players have to be com-
pensated by a higher payoff when defecting.

6 Conclusion

In this paper, I have presented a model of random pairwise interactions in
a large population of agents who play a Prisoner’s Dilemma stage game. I
have shown how the inclusion of a short-run player makes the sustainability
of a cooperative outcome more complex. The short-run player will trigger
the diffusion of defection with probability one. Thus, when no informa-
tion is available, any cooperative equilibrium sustained by a symmetric pure
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strategy collapses. In addition, I have shown how plausible information in-
stitutions can sustain cooperation in equilibrium by imposing a present cost
to the players.

My model is an application of Kandori’s (1992) model. In that paper,
a Folk theorem for a matching game with homogenous agents was proven.
The generalization of Folk theorems to populations was initiated by Milgrom
et al. (1990) and Okuno-Fujiwara and Postlewaite (1995) who restricted
attention to games with an infinite number of players. Ellison (1994) ex-
tended Kandori’s result by allowing for a public randomization device. In
the setting presented in this paper, a short-run player will disrupt coop-
eration even when a public randomization device is available. Harrington
(1995) allowed for non-uniform matching and non-anonymous players, and
Ahn-Suominen (2001) analyzed the possibility of local communication. None
of these results allowed for heterogeneous agents. Gosh and Ray’s (1996) pa-
per sustained cooperation in a model with some myopic players. Their result
does not contradict the one presented in this paper because they departed
from the random matching framework and allowed agents to choose frequent
interaction with the same partner. I have shown in this paper that allowing
for heterogeneity in a random matching framework results in the breakdown
of cooperation sustained by a symmetric pure strategy.

While this paper is able to explain the crucial role of informational tech-
nology in an economy with heterogeneous players, some interesting questions
are still unanswered. First, a least costly information technology remains to
be defined. Second, this could be extended to situations where the labeling
mechanism need not work perfectly, at each stage agents getting labels with
only a certain probability. Ahn and Suominen’s witnesses game, for example,
could be extended to this framework.

7 Appendix

7.1 Asymmetric Pure Strategies

The argument presented in Section 4.1 can be extended to asymmetric pure
strategies. In that case, each player or group of players follows a different
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strategy. In each of them, after a history G;, they are required to defect.
As history G in the symmetric case, each G; involves a certain number of
non-cooperative experiences. Thus, for each G; there exists a E}’VJ in which
player j believes he is the first player to be asked not to cooperate. Thus,
b(G;) = pmf(S | G;) ={S =1, Pr(S = 1) = 1} = b(0). As before, this
strategy is not an equilibrium strategy because it requires each player to
prefer different actions for the same belief.

7.2 The example for M =4 and S =1

As an example of the non-existence of the equilibrium it is worth analyzing
the case M = 4 and S = 1. This is a special case because after a history of co-
operative encounters a player knows for sure the number of non-cooperative
players in the population. As in the general case, in this setup Restriction I
requires players to cooperate after a cooperative history instead of defecting
forever. With only four players, the strategy asks long-run players to coop-
erate at the beginning of the game (when S = 1) and after any cooperative
history (when S = 2).
When S = 2 Restriction I implies

V(2,C) - V(2,NC) >0

-2 (25) 2 (1+)

3
and when S =1

V(1,C) - V(1,NC) >0

<1_ (1;5%) (1_1%5) > (14 g).

It is sufficient to show that there is no equilibrium when the second con-
dition is satisfied. For any history ¢t > 2 of good encounters a player knows
for sure that there are S = 2 non-cooperative players in the population. It is
necessary and sufficient to check that there is no equilibrium when the first
restriction holds.

25



Stage II of the game imposes Restriction II, i.e., a player has to defect
after he has seen a defection. In this setup, when a player sees a defection
in Period 1 he knows that there are S = 1 non-cooperative opponents in the
population, and when he sees a defection in any future period, he knows that
there are S = 3 non-cooperative players. As long as [ > 0, the restriction for
S = 3 holds:

V(3,NC)=0>V(3,Cy) =—lI.

The strategy also requires the player to defect forever after suffering a
defection in the first period. This restriction is given by:

V(1,NC) > V(1,CY)
(14+g) > (1—%[)(1_7116).

3

Notice that when [ = 0, all restrictions reach equality at the same point.
When (1 + g) = 0, I = 2 according to the last restriction. That is, this
intercept? is higher than (1—_2H5) = [ given 6 > 0. Thus, there is no equilibrium
where cooperation can be sustained with a contagious strategy in the case

M =4 and S = 1, as Figure 2 shows.

7.3 Kandori with M =4

For the sake of comparison, I introduce a graphical analysis of Kandori’s folk
theorem result when M = 4. On the equilibrium path, Kandori’s condition
is:

V(0,0) > V(0,NC)

(3+9)
0@ = 19

Notice that the number % > 1V € (0,1).Thus, for each g >
0 there exists a § € (0,1) such that this restriction holds. Kandori’s off-

equilibrium path condition has to hold for any S > 1.

9Tf we consider the space (I, (1 + g)) as in the figure. All restrictions have the same
y-intercept, but the x-intercept is higher in restrictionII.
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Figure 2: M =4,5 =1

For S = 3,

V(3,NC)
0

AVARLY,

For S = 2, the restriction is
V(2,NC) > V(2,C)

(1+g) > (1—2l)¥

and for S =1, it is

V(I,NC) > V(1,C))
(1+g) > (1—%)@

It is worth noticing that whenever the restriction for S = 1 is satisfied,
then the other ones are also satisfied (given [ > 0), as:
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Thus, the two restrictions in Kandori’s M = 4 model are:

(3+9)
(1-16)(3-0)

(14+g) > (1—%) ﬁ

As Figure 3 shows, when § and [ are sufficiently large, there exists an equi-
librium supported by this strategy. In particular, the equilibrium involves
cooperation along the equilibrium path.

(1+g) <

A
1+g

. 1 1

(1-5/3)! \
1

Figure 3: Kandori. M =4

7.4 Diffusion Matrix A when M =6
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