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They learn from experience in a Bayesian fashion.

Optimal learning typically involves experimentation (Sacrifice
of current rewards for better information).

Strategic Experimentation: Agents learn from the experiments
of others, as well as from their own.

Literature thus far (Bolton & Harris, 1999; Keller, Rady, Cripps,
2005; Keller & Rady, 2010):

— Markov perfect equilibria;

— inefficiently low levels of experimentation because of
free-riding (positive informational externality).
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N players; two-armed bandits in continuous time.

One arm is safe (.5),
generates a known flow payoff s.

Other arm is risky (R),
yields i.i.d. lump-sums of known mean h which arrive
according to a Poisson process.

If good (0 = 1), Poisson intensity is \; (= flow payoff A\{h);
if bad (6 = 0), Poisson intensity is \g (= flow payoff \gh).

s> 0and Ay > A\g > 0 known to players.
True value of 6 initially unknown to players.

Assumption: A1h > s > A\gh.
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Fort=0,A,2A, ..., let H; be the set of all histories

((kn,o)izvzla (jn,A)izvzla R (kn,t—A)iV:p (jn,t)'z]yzl)

such that k,, =0 = 7, -+a = 0.
Each history h; generates a unigue sequence of beliefs

(p07pA7 <. 7pt—A7pt)-

A strategy is a sequence {k;}:-0.a 2a... Of measurable
mappings
kt :Ht — {07 1}

specifying an action k; (h; ) for each history h; € H;.
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With each SSE we can associate a measurable equilibrium
payoff function

w :[0,1] = [s, \1h].

For given A > 0, the set of equilibrium payoff functions has

® a pointwise supremum

T

W :[0,1] = [s, A1h],

e a pointwise infimum
W2 :0,1] - [s, \A].
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Note that
W= > WP,

— the single-agent value function.

For A — 0, we have uniform convergence
A *
Wl — ‘/1 )

with an explicit representation for the limit function.
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An Upper Bound on Equilibrium Payoffs

Let A
P> = inf {p: W (p) > 8}
and

~:1. . f~A
p=limints

p > pyy = efficient cut-off in continuous time
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For any fixed A, consider the problem of maximizing the
players’ average payoff subject to
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Write W2 for the corresponding value function
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Incentive compatibility at p® requires

r(s=A(P)h) < A(B) [NVus(5(B)) - (N-1)V* (4(p)) - s,

l.e.

iz

vV

D,

where p is the unique belief in [p3, pi | making this condition

bind.
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r(s=A(P)h) < A(B) [NVus(5(B)) - (N-1)V* (4(p)) - s,

l.e.
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D,

where p is the unique belief in [p3, pi | making this condition
bind.

p
p

px ifand only if j(py) < py (i.e., Ao close to \y);

p; if and only if Ag = 0.
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Assume )\ > 0 from now on so that p < p}

Want to establish that p = p

Construct equilibria for small A that achieve payoffs arbitrarily

close to Vy(:;p) as A - 0
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Two-state automaton with public randomization

Normal state:

e Common action ®(p) (independent of A)

e GO to punishment state after unilateral deviations

e Otherwise remain in normal state
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No incentives needed at beliefs p > p or p <p.

Away from p, have that WS — w? > v > 0, while benefit from
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An Upper Bound on Equilibrium Payoffs

p2: infimum of set of beliefs at which there is some PBE giving
a payoff > s to at least one player, and

5 = lim inf 52
p=liinf

By construction, p > p > py;.

* Can show that players’ average payoff is bounded above by a
function which converges to the same function Vy 3.
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p2: infimum of set of beliefs at which there is some PBE giving

Appendix * Can show that players’ average payoff is bounded above by a
function which converges to the same function Vy 3.

*If L players play risky with positive probability, they can get at
most NW 4 — (N - L)W?2 after any history.

Using these two facts, one shows that p = p = p. Thus:
Proposition: The set of PBE average payoffs coincides with

the set of SSE average payoffs.
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Problem: p = p7, i.e. we can't squeeze p into (p, p;) any
more -

= Analyze the discrete-time game in some detail

Check for symmetric MPE with individual randomization
first.

There exist several symmetric MPE on an open interval of
beliefs!

Use MPE as continuation equilibrium to show that k = 1
can be sustained arbitrarily close to p; as A — 0.
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Conelsion = Analyze the discrete-time game in some detail

Appendix — Check for symmetric MPE with individual randomization

e Coupled Funct. .

Equations f| rSt.

ol Reveating — There exist several symmetric MPE on an open interval of

Successes

beliefs!

— Use MPE as continuation equilibrium to show that k = 1
can be sustained arbitrarily close to p; as A — 0.

— Use this good SSE to show that Kk = 0 can be enforced as
well.
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