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Objective

- N

#® General method for computing optimal contracts when
the state of the economy is endogeneous.

® Examples:
» Hidden income and hidden storage.

» Hidden effort, hidden borrowing and lending, public
outcome.

o |

Dynamic Mechanism Design with Hidden Income and Hidden Actions — p. 2/13



Objective

- N

#® General method for computing optimal contracts when
the state of the economy is endogeneous.

® Examples:
» Hidden income and hidden storage.

» Hidden effort, hidden borrowing and lending, public
outcome.

& Strategy:
» General set-up with full history dependence.

» Recursive formulation with state contingent utility
promises.

s Curse of dimensionality: off-path utility bounds.

o |

Dynamic Mechanism Design with Hidden Income and Hidden Actions — p. 2/13



General set-up
|7 €t Tt Q¢ u(et + T — at) Ct+1 —‘

t t+1

Y

® u(ela) >0, foralle e E, all a € A (finite sets)
N HlStOry (at time t) hy = {et, mit, T¢, M2, at}
# Planner knows: s; = {m, 74, ma }
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General set-up

€t Tt Q¢ u(et + T — at) Ct+1
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°
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t+1

u(ela) > 0, forall e € F, all a € A (finite sets)
HlStOry (at time t) hy = {et, mi¢, T, T2, at}
Planner knows: s; = {mq, 74, mo; }

Planner’s outcome function: (7, mog|m1s, s'1)

Agent’s strategy:

o(mitler, A1) and o(agler, mig, 7, maoe, K1)
Agent’s expected utility:

U(m,0) = Yo B g, p(R'|m, o)uler + 7 — ay)]
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Optimal equilibrium

f.’ An equilibrium {r, o} satisfies: T
U(r,6|h*) < U(r, o|h"), V6, h* (1)
U(m,o) > Wy (2)

o A feasible allocation is a probability distribution over
Income, transfers and actions generated by an
equilibrium.

# An optimal equilibrium solves the planner’s problem:
max V (7, o) ZQth (Rt |7, o) (—7%)]
\— st (1) and (2 ) J
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Deriving a recursive formulation (1)

f.’ Let My = FE, My = A and St = {et,Tt,at}. —‘

® let 56(ht_1, et) and 5a(ht_1, Ct, Tt at) be fU”y
history-dependent deviation strategy o.

# An equilibrium outcome function under truth telling and
obedience satisfies 4, s*, ej.1:

> B p(smuler + 1 — ap)] = Wo (3)
t=0 St
Z 6“2 p(htlﬂ_a 57 Ska ek—l—l)u(et + Tt — 5@)]
t=k+1  H! %)

< B> p(s'lm, s*, epr)uler + 7 — ap))]
- 2 T2t e .
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Deriving a recursive formulation (2)

- N

# (Revelation Principle) Any allocation that is feasible in
the general mechanism is also feasible in the
truth-telling and obedience mechanism.

# (Auxiliary problem) Promise keeping constraint for each
possible initial iIncome ey:

Z?T(To, ap|wo, eo)|uleo + 170 — ap)+

(5)
Zﬁt t‘ﬂ S() 675 + T+ — (,'Lt)“ = wo(e())
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Deriving a recursive formulation (3)

® Let W be the set of all vectors wy € R*¥ that satisfy (4)
and (5) for some outcome function .

# (Principle of optimality)
For all wg € W and ey € E, and for any s*~1 and ey,
there is an optimal contract =* such that the remaining

contract from s*~1 and e, onward is an optimal contract
for the auxiliary problem with ¢y = ¢, and

wo = w(sF1, 1)
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Program 1. W finite set
- -

V(w,e) =mazy Y w(r,a,w'|w,e)[-7+ QY u(ela)V(w' e s.t.
T,A W’ E

Y a(ra,w|w,e)ule,7,a) + 8 ple|a)w(e)] = w(e)
E

T.A W'
(6)
> w(w)ule,,a) + 8y plea)w ()] <
W' E
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Curse of dimensionality

B -
Z (7, a,w’ |w, e)|u(é,7,0(T,a)) + 3 Z w(e'|6(r, a))w' (€]
E

T,A W'
<w(eé)
(8)

#® Number of variables: #T x #A x #W.

# Number of obedience constraints (7):
HT X #A X (#A—-1).

# Number of truth telling constraints (8):
(H#E — 1) (H#A)FTHA),
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Imposing off-path utility bounds
B -

V(w,e) =mazz>00 Y w(r,a,w'|w,e)[-7+ QY u(e|a)V(w' e
E

T.AW’

s.t. (6), (7) and

ZT{' u(é, a —I—ﬁZu "la)w'(e] < w(é, e, T, a)

9)
Ve T,Q,a
ZU(é,@,T, a) <w(ée), Ve (10)
T A
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Avoiding curse of dimensionality

-

Number of variables:
HT X #A X H#W + (#E —1) x T x (#A).

Number of obedience constraints (7):

HT x #A X (#A—-1).

Number of constraint to implement bounds:
(#E — 1) x T x (F#A)°.

Number of truth telling constraints: (#E — 1).
Not sufficient to check for local deviations.

|
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Hidden income and hidden storage (1)

B=0Q=105" #E =2 #A=3 #T, =T, =50 T3 = 4000
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Fig. 3. Policy functions, R = 1.1
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Hidden income and hidden storage (2)

Utility of Agent at Zero Surplus
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R (Return on Storage)

Fig. 4 Utility of the agent with full information, private information, credit-market access, and autarky.
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