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Establishing Cooper ation without Pre-Play Communication

Establishing Cooperation In a Perfect-Information PD

Focality in atwo-player Prisoner’s Dilemma. Suppose two players are to engagein a
garden-variety symmetric repeated PD game with sufficiently light discounting. Formally, they
face a problem of coordination, since, although there are cooperative equilibria, there are many
different ones, as well as the noncooperative equilibrium. Given the symmetric positions of the
players and the fact that full cooperation is both efficient and supportable in equilibrium, rather
modest focal-point reasoning ought to lead the players to full cooperation.

Even if the players do not attribute focal point status to efficiency, aloose sort of forward
induction reasoning may help: if Player 1 unilateraly cooperates for amove, Player 2 must
suppose that Player 1 expects (or at least had expected) some sort of cooperative equilibrium, and
Player 2 might conclude that it would be worthwhile after all to cooperate too, even if now his
first cooperation islikely to be unilateral.

Of course, Player 1 might have been focused narrowly on a*“grim trigger” strategy, and
thus intend to defect indefinitely following hisinitial unrequited cooperation. Nevertheless, when
he observes Player 2's unilateral cooperation in response, he must infer that Player 2 intended
neither always to defect, perhaps making 1's grim trigger retaliation irrational. Importantly, both
must conclude as well that they are not playing the same strategies and that they both see the
possibility of a cooperative equilibrium. At some point, intuitively, one finds it unreasonable that
aplayer, having observed unilateral cooperation by the other player, would think it very likely that
the other player’s most recent cooperation was the last concession he was willing to make, and
that no further cooperation would be forthcoming. Short of such ungenerous thinking, evenin
the absence of any focality for a symmetric, efficient equilibrium, it seems likely that cooperation
by one player would €elicit cooperation by the other, and that a cooperative equilibrium will be
acheived perhaps after some initial blundering.

If asymmetric equilibrium has no focal power, abigger problem isintroduced. Now
either player may reasonably expect an equilibrium in which, say, he cooperates only on aternate
iterations while the other player cooperates on every iteration (or may suspect the other player of
aiming at such a one-sided outcome).

Establishing cooper ation in a perfect-infor mation, many-player PD.

Establishing cooper ation when timing isan issue. (the Jurisdiction Game)

Establishing Cooperation When it Might Not Be Reciprocated

In the following analysis | ignore the coordination problem temporarily and turn to another, also
important, difficulty that is overlooked in the above approaches:

--how cooperation might be established in a setting in which there is some mistrust.

--how cooperation can be established in the course of a single repeated interaction.
| examine one specific type of mistrust--the suspicion that one's partner may have nothing to gain
from cooperating--and try to learn the conditions under which cooperation can be established and
the patterns of emergence that might be observed.



In doing this, | avoid attaching any arbitrary first stage of communication, and | stick to a setting
in which cooperation may be established between two players within a single repeated game.

| begin by introducing an element of incomplete information into the previous PD game, namely,
concerning the (cooperate, cooperate) payoff.

Player 2
C D
C X, o

Player 1 Xy -B
D -B 0

o 0

wheref>0; a«>1;, a-fp<2

Each x; takes on the value 1 with probability p, and -1 with probability 1-p;; X; is known only to
player i, but p, and p, are common knowledge. The gameisto be infinitely repeated with
discount factor &€ (0, 1).

If X, =%, =1, then thisisaPD game. However, if x; = -1 then player i has no interest in
cooperation, mutual or otherwise.

How can cooper ation get started in thisgame? In order to assume away the coordination
problem and concentrate on the problem of establishing "cooperation,” | assume it's common
knowledge that, if cooperation is established, it will be enforced through a strategy of "Tit for Tat
with Apologies.” TFTA has the following nice properties:

(1) Subgame perfection

(2) Robustness to unprogrammed defections

(3) It'sasensible way to limit the risk of being the first to cooperate

This sets up asignaling problem--if player i has x; = 1 then he may signal that fact to the other
player by cooperating on theinitial move. The cost of thissigna is the risk due to the possibility
that the other player j has x; = -1 and will not respond with cooperation; in that casei just loses .
In addition, there may in principle be a temptation, even when x; = 1, to wait and let the other
player bear therisk of signaling. This may be a matter either of playing it safe or of taking
advantage of the other player's willingness to begin by cooperating unilaterally.

Conditionsfor cooper ation--whether maintainable. It should be obvious that no player will
want to signal cooperation if it would be impossible to maintain cooperation in the repeated game,
even when x; =x, = 1. If TFTA isgoing to be the retaliation scheme that enforced cooperation,
then we'll have to meet the usual conditions on the discount factor and payoffs:
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Conditionsfor cooper ation--responding to a signal. Suppose x, = 1 but player 1 defectsin
iteration 1, while 2 cooperated in iteration 1. Under no circumstancesisit rational for 2 to
cooperate unless x, = 1, so player 1 now knows that cooperation is possible. It can be
accomplished, however, only if player 1 now "apologizes': sinceit is now common knowledge
that Player 1 knows that x, = 1: if Player 1 continues to defect, Player 2 will only assume that x,
= -1 and will therefore continue to defect also. Player 1 stands to gain from cooperation, and
delaying the apology only delays the onset of cooperation; thusif Player 1 iswillling to initiate
cooperation at al, he will prefer to initiate it immediately. To see the conditions under which this
will be rational for player 1, we set the DPV of 1's payoff from period 2 onward from cooperating
and proceeding to play TFT greater than or equal to 1's payoff from defecting now and forever:
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Which isidentical to one of the lower bounds for TFTA to be an equilibrium, both of which must
also hold anyway if player 1 isto respond.

>

Conditionsfor cooperation--unilateral signaling. Suppose next that player 2 is not expected
to signal (aswe will see, thiswill happen if p, istoo small), but that the conditions for TFTA are
met. Under what conditions will player 1 signal cooperation if x, = 1? Not signaling will certainly
yield zero forever. Signaling may be rewarded with an "apology" response, followed by
cooperation, or by no response, depending on player 2'stype. The condition for signaling is thus
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Conditionsfor cooperation--bilateral signaling. Alternatively, suppose that 2 can be expected
tosgna if x, = 1. Giventhat x, = 1, should 1 also signal, or wait to see if 2 signasfirst (and then
apologize and begin cooperation)? The condition for 1 to signal immediately is.
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Equilibria. Comparing the two thresholds shows that, depending on the values of «, 3, and 9,
we could have either P> Q or P< Q, even if both are strictly between 0 and 1. Examples:

0 o B P Q

8 2 3 625 577
9 2 3 303 .536
9 2 8 .808 .530
9 6 8 593 721

[This possibility exists because 1's decision of whether to signa is quite different under the two
different conjectures about 2's intentions. Most obviously, the parameter « cutsin opposite
directionsin the two cases: if 2 will signal, alarge « predisposes 1 not to signal, whereasif 2 will
not signal, alarge o predisposes 1 to signal.]

The graphs show the players equilibrium signalling strategies in either case, as functions of p, and
p,. These are straightforward except for what happens in the "middi€" box of the graph.

In the most straightforward case, P> Q (Graph 1): that is, player 1 iswilling to signal when 2's
probability of cooperation is at least P provided that 2 will signal too, but a higher likelihood of
cooperation by 2 isrequired for 1 to signal unilaterally. In that case,

(D) both players will signal whenever either p, exceeds the higher threshold;

2 if both p, < P and oneisless than Q, then neither player will signal;

3 if p, > Pbut p, <Q, then only player 2 will signal, and vice versa,

4 finaly, if both p, are between Q and P, then there are multiple equilbria--one in
which both signal, one in which neither signals, and perhaps mixed-strategy
equilibriaas well.

If both players have x; = 1, then in cases (1) and (3) they will definitely end up cooperating,
although in case 3 there will be arough beginning as first one and then the other cooperates
unilateraly. In case (2), the gains from cooperation will be lost. 1n case (4), afocus on efficient
equilibria might predispose the players to one equilibrium or the other.

The situation is different if P> Q (Graph 2). In that case, there is arange of p, vaues (between Q
and P) over which player 1 will signal if he thinks 2 will not, but will NOT signd if he thinks 2
will. Inthat case,
@D both playerswill signal only if both p, exceed the higher threshold;
2 neither player will signa if both p, are below the lower threshold;
3 in all other cases, either 1 or 2 will signal but not both, depending on the values of
p, and p,;
4 in particular, if both p, values are between the two thresholds, then there are
multiple equilibria--one in which 1 signals but not 2, one in which 2 signals but not
1, and perhaps mixed strategy equilibria as well.



Graph 1. Thresholdsfor signaling only if opponent signalsare
lower than thresholdsfor signaling alone.



Graph 2. Thresholdsfor signaling only if opponent signalsare
higher than thresholdsfor signaling alone.



Thefirst three cases occur at different parts of the graph than before, but with the same range of
observed outcomes. In case (4), now, it's likely that the two pure-strategy equilibria are not
Pareto-comparable.

Thus we may observe avariety of possible patterns of learning to cooperate even in this smple
setting. Players may forego gains from cooperation; may venture cooperation and get burned;
may unilaterally establish trust; or may simply cooperate from the outset.

Establishing Cooper ation in Multiple Settings

One feature of social order (especialy, and redly of ingtitutions generally) that gets obscured
when we talk in terms of repeated gamesisthat it may constrain behavior in all sorts of different
settings. Consequently, one trick in establishing cooperation would involve deciding whether to
connect cooperation and enforcement in one setting with that in another. If two settings are
different, the kind of uncertainties modeled above crop up separately in both. This combination
yields some further interesting patterns and factors in establishing cooperation (& hence
establishing social order).

Assmply aspossible: let G'and G" be two stage games identical to that above. Their
asymmetric-info payoffs are x;' and x;" respectively. In each periodt =1, 2, 3,..., a most one of
the two games is played for asingleiteration. Specificaly, in each period the next iteration of
game G' occurs with probability p' and the next iteration of G" occurs with probability p"(1-p).
With probability (1-p")(1-p'), neither game is played in agiven period. The players discount
future payoffs by afactor of 6 per period. Thus the effective discount factors, 6' and 8", for G'
and G" respectively, are calculated from 6 along with p' and p", resp. Specifically, we can prove
the following

Lemma. Suppose a stage game G is played repeatedly across periods 1, 2, 3, . . ., such that in
each period t an iteration of the game occurs with probability p, but with probability (1-p) no
iteration occurs. Suppose that players discount expected payoffs accruing in the next period (not
necessarily the next iteration) by afactor 6. Then the effective per-iteration discount factor for

the repeated gameisgivenby 6, = #?1)
- -P

Proof. The proof uses induction to calculate the expected discounted present value (DPV) of
iterations of the game, ignoring the current period; it shows that thisis equal to the sum over t
from 1 to infinity of *; 'y, wherey is the payoff in each period. Thus* is the effective discount
factor.

First, calculate the expected DPV of the payoff y from the next singleiteration. Thiswill
be the sum from periods 1 through infinity following the present period of the probability of
having the next iteration in that period, times the discounted payoff if that happens:
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Now consider the expected DPV of the payoff from the (T+1)-th iteration after the current
period, assuming that the expected DPV payoff from the T-th iteration is *;"y. The probability of
the first iteration taking place t periods after the present is (1-p)*™* p; once that happens in period t,
the expected DPV (discounting from the present period, t = 0) of the T-th iteration thereafter is
& ;Ty. Summing over t gives the expected DPV of the (T+1)-th iteration from the present:

Z (1-p)t L pd! 6GTy _ BGTyép Z (1-p)ttett = 6GTy op _ BGT+1y.
t=1 t=1 1—6(1—[))
Thus the expected DPV of all future iterationsis
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S0 * is the effective discount factor as required. O

Thus applied to the present two-game setting, the Lemma shows that

S5 = Bp/ and &' = 6p//(1_p/) .
1-8(1-p) 1-8(1-p"+p'p”)

Since each period may produce aplay of G, aplay of G", or neither (but not both), we can also
consider the combination of G' and G" as asingle repeated game. A play of one of the two games
will occur with probability 1-(1-p")(1-p") = p'+p"-p'p", S0 this combined game will have an
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implicit discount factor of 6* = O(p’+p —pp) . A bit of dgebra showsthat thisis
1-8(1-p)(1-p”)
larger than either &' or 6". If the players both turned out to have x; = 1 in each of the two games,
then they could lump the games together for strategic purposes, with cooperation in each game

enforced by the threat of retaiation in both, creating a single game with discount factor 6* > 6" or
o".

Even if the discount factorsin G' and G" were too low to support cooperation in either game
alone, the combined game' s discount factor might nevertheless be sufficient for a cooperative
equilibrium. The interesting question now is, by what sequence of play might such cooperation be
established? WLOG, suppose G' is drawn first.

Suppose &' and 8" both insufficient to support cooperationin G' or G" alone, but that 6*
would support cooperation in the combined game. That is,

a-1 1}

8, 8" < max ,
p+1 B+l

but



Cooperation is possible only if both players draw the higher payoff value in both games; this will
be known only after both games have been played at least once. In simple equilibria, the players
will not cooperate in G' at al until G" occurs; at that point, a cooperation must signal the high
payoff in both games, and thus a willingness to cooperate in both G' and G" in al future plays.
The observer of G' done will see severa periods of mutual defection, followed by the
establishment of cooperation:

Player 1
Player 2

[[ At least if players are willing to punishin G" one another's failure to cooperate in initia plays of
G, this same situation might generate the opposite pattern--players who cooperatein G' " on
speculation™ that cooperation may eventually be established in G". Then if one player draws the
low payoff in G", cooperation becomes impossible, and the cooperation in G' also disappears. ]

Suppose &' islarge enough to support cooperation through TFTA in G' alone. Then they may
signa adraw of x;' = 1 asbefore. Then when G" occurs for the first time they might signal
separately and try to establish cooperation in that game--whether or not 6" meets the threshold,
since cooperation in G" could now be enforced with retaliation in G'.

Supposethat 6" aswell as 6* will support cooperation through TFTA. Signaling generaly
won't be rational at the first occurrence of G', but will occur with G". After that, if X" = 1it's
possibleto play G' and G" as asingle repeated game as long as x;' = 1 as well--but now this must
be signalled separately. The pattern might ook like:

(G G G G ChN CH C N C I CHNN CLAN
Player 1 DDCCCCDCZC C...
Player 2 DDCCCUDCTZCTZC C...

and of course other patterns would ariseif x;' = -1 for one or both of the players.



