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This supplementary material contains proofs and additional results that complement the pa-
per “Evidence Based Mechanisms”. We start by presenting additional definitions (Section A)
to provide necessary and sufficient conditions for interim and ex-post implementation (Sec-
tion B). In Section C we show that any social choice function can be implemented by a reading
mechanism if the designer can combine evidence and transfers. In Section D we show that in
multiple-object auctions individual rationality and efficiency may generate cycles in the ex post

masquerade relations of the agents.

A Additional Definitions

The interim belief of agent ¢ about the types of the other agents is given by a distribution
pi(-|t;) € A(T_;). A messaging strategy profile  : 7 — M is an interim equilibrium' of this

game if, for every i, every t;, and every m; € M;(t;),

E<u (9(u(t));1) \h) > E(u (g(ma, pi(t—y));t) \E-)-

A mechanism g(+) interim implements the social choice function f(-) if there exists an interim
equilibrium p(+) of the game generated by ¢(-), such that g(u(t)) = f(t) for every t € T.

The interim masquerading payoff of player i is given by the function

vi(silt;) = Z wi(f(sint—) tist—) pilt—slts).

t_€T—;

For the interim masquerade relation, we say that ¢; wants to masquerade as s;, denoted by
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LAs in Bergemann and Morris (2005, 2011), we use the term interim instead of Bayesian (equilibrium or
implementation) to highlight the fact that we do not assume a common prior.



t 2 s;, if and only if v;(s;|t;) > v;(t;|t;). The set of interim worst-case types is denoted by
WCt(SZ) = {Si € Sz | ﬂ tl € Si, tl ﬁ Si}

An interim evidence base for player i is a set of messages & C M; such that there exists
a one-to-one function e; : 7; — &; that satisfies e;(t;) € M;(¢;), and ¢; € wct (M[l(el-(ti))) for

every t;. If cheap talk completion of the evidence structure is allowed, the condition for an

interim evidence base is that, for each t;, there exists m; such that t; € wct (]\4;1 (mz))

Definition A.1 (Evidence-Free Incentive Compatibility). A social choice function satisfies

interim incentive compatibility if, for every agent i and every t;, s; € T;

A reading is independent if for every ¢ the reading of the evidence satisfies p;(m;,m_;) =
pi(m;,m’' ) for every m;, m_; and m’ ;. It means that agent i’s evidence is interpreted inde-
pendently of the evidence submitted by other players.?

As in the main paper, we say that a reading mechanism accurately implements f(-) if it

reads the evidence correctly on the equilibrium path of the corresponding equilibrium.

Definition A.2 (Accurate Implementation). A reading mechanism with associated reading p(+)
accurately (interim or ex post) implements f(-) if there ezists an (interim or ex post) equilibrium
strategy profile u(+) such that, for every t € T, p(u(t)) =t.

Definition A.3 (Straightforward Implementation). A reading mechanism with associated read-
ing p(-) straightforwardly (interim or ex post) implements f(-) if there exists an (interim or ex
post) equilibrium strategy profile pu(-) such that p(p(t)) =t, and p_;(p—i(t—;),m;) = t_;, for
everyt € T, everyi € N, and every m; € M,.

Hence straightforward implementation is more restrictive than accurate implementation.
It implies that, if all players except i use their equilibrium strategy, then the type profile of
these non deviators is correctly interpreted. Note also that accurate implementation by an

independent reading implies straightforward implementation.

B Necessary and Sufficient Conditions for Implementa-
tion

Theorem B.1 (Interim Implementation). There exists a reading mechanism that accurately

interim implements f(-) with an independent reading if and only if the following conditions

2When types are independent, this restriction has the same flavor as the belief consistency requirement “no
signaling what you don’t know” of a perfect Bayesian equilibrium (Fudenberg and Tirole, 1991).
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hold for every player i:
(i) For every message m; € M, the set M; ' (m;) admits an interim worst case type.
(11) M;(-) admits an interim evidence base.

Proof. (<) By (ii), we can pick, for each player i, a one-to-one mapping e; : 7; — M; cor-
responding to an evidence base of i. By (i), we can choose an independent reading p(-) such
that, for every m;, p;(m;) € wet (M[l(mi)) and for every t;, p; (ei(ti)) = t;. Suppose that every
player i adopts e;(+) as her strategy in the game defined by the mechanism associated with
p(-). Then for every ¢, the mechanism selects the outcome f(p(e(t))) = f(t). Hence, if the
strategy profile e(+) is an equilibrium of the game, we have succeeded in accurately implement-
ing f(-). It remains to show that e(-) is indeed an equilibrium. Suppose then that player i
of type t; deviates with a message m; # e;(t;). Then the implemented outcome is f(wz-, t_z-),
where w; € wet(M; ' (m;)). But then we know that v;(w;t;) < v;(t;]t;), so the deviation is not
profitable for i.

(=) Let p(-) be an independent reading such that the associated mechanism accurately
implements f(-), and let p*(-) be the associated equilibrium strategy profile. Then, by defi-
nition of accurate implementation, p(,u* (t)) = t. Consider some message m; of agent 7. The

equilibrium condition implies that, for every ¢; € M; *(m;),

wiltlts) = B (w(f (plm u* (t-0))): 1) It
= E(%(f (Pi(nli)7 t—z’);t) |tz> = (pi(mi)‘ti)a

where first equality is a consequence of accuracy and independence. Since, by definition of a
reading mechanism, p;(m;)) € M; " (m;), this proves that p; (m;) € wet(M; " (m;)). This proves
(i).

To prove (ii), consider the particular case in which m; = pj(s;) for some type s; € 7.
Then p; (mi, u*_z-(t_i)) = s;, by accuracy and independence, and therefore we have shown that
s; is a worst case type of the set certified by p;(s;). The accuracy property also implies that
125 (s;) # i (t;) whenever s; # t;. Otherwise, we would have ¢; = p; (1} (t:)) = pi (15 (s:)) = si.
Therefore, the function u} : 7; — M, defines an evidence base for 7. O

It is easy to show that the existence of an evidence base for each player is necessary for
implementation with any mechanism. The worst case type condition, however, is only neces-
sary if we require accurate implementation and independent readings. If the reading is not
required to be independent, then ex post instead of interim worst case types could be used
(see Theorem B.2). To illustrate the importance of accuracy, the following example exhibits a

social choice function that is not accurately interim implementable with independent reading,
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Figure B.1: Committing to incorrect readings: interim masquerade relations and evidence
structures.

because of a missing interim worst case type, but can nevertheless be implemented by a reading

mechanism with independent reading.

Example B.1 (Committing to incorrect readings). There are two agents and five alternatives
A ={a,b,c,d,e}. The set of agent 1’s types is T; = {{,t},¢2,¢3 t}}, and the set of agent 2’s
types is Ty = {t},#3}, with a uniform prior probability distribution. Consider the following

social choice function:3

fe 8 a8 8 o
ts e b a d c

2 e a b ¢ d

Assume that agent 2’s utility is maximized when f(-) is implemented (so that he never has
an incentive to deviate), and agent 1’s utility function is given by the following table, where

the squares indicate the outcomes prescribed by the social choice function:

tl t2
a b ¢ d e a b ¢ d e
9 2 2 -1 —1 [0] 9 2 2 -1 -1 [0]
w(5) =t -1 [0] =1 2 2 to] -1 2 -1 2
2 0] -1 -1 -1 -1 2 -1 [0] -1 -1 -1
2 -1 -1 [0] -1 -1 2 [o] -1 -1

th -1 -1 [0o] -1 -1 tt -1 -1 -1 [0] -1

The interim masquerade relations of the agents and the evidence structures are summarized

in Figure B.1. Agent 1’s interim masquerade relation has a cycle. There is an interim evidence

3Note that this function satisfies responsiveness, that is, for every t; # t/, there exists a profile ¢_; such that

[ t—i) # f(t;,t—i).



base for each agent, but the certifiable set {t?,¢1,¢%,¢3} has no interim worst case type. Hence,
f(+) is not accurately interim implementable with an independent reading. However, it is
implemented with the following independent reading and interim equilibrium strategies, where

the red lines correspond to incorrect readings given the equilibrium strategies:

H1 P1 2 P2
o— om0 ty — my? — 13
tt — m? — 2 — mi — ]
2 — mi —

B o— m3 — ]
th — mP o
moiz 3

The intuition is that, by committing to incorrect readings, the principal can emulate the
use of inconsistent punishments while remaining within the boundaries of reading mechanisms.
To see that, note that, given the masquerade relation of agent 1, the key is to dissuade the use
of the message m{123. This cannot be done accurately because of the cycle. In the mechanism
described above, m{'? is interpreted as t3, which should make ¢} willing to use this message.
The trick is that the principal is voluntarily misinterpreting the equilibrium messages of agent
2, so agent 1 with type ¢}, expects that the outcome implemented by the principal when she
pretends to be 3 and the true type of agent 2 is t2 will be f(3,13) = f(t1,t3) = c¢. Thus, this

is as if the principal attributed the message m%?® to t¥, which no type in M; '(m®23)

wants
to masquerade as. The principal cannot do that directly because such a reading would not
be consistent with evidence. But she can emulate that outcome by misreading evidence from

agent 2 on the equilibrium path.? o

For ex post implementation, we weaken the necessary properties of the mechanisms used
in the characterization since we require straightforward implementation instead of accurate

implementation with an independent reading.

Theorem B.2 (Ex Post Implementation). There ezists a reading mechanism that straightfor-

wardly ez post implements f(-) if and only if the following conditions hold for every player i:

(i) For everyt_; € T_;, and every message m; € M, the set M; ' (m;) admits a worst case

type given t_;.

4Note that the conclusion does not change if we modify the evidence structure so as to satisfy the normality
condition of Bull and Watson (2007), Deneckere and Severinov (2008), and Forges and Koessler (2005). For
example, if we complete the above evidence structure with messages certifying the singletons, the allocation f(-)
is still implementable with the above readings and messaging strategies, but is not accurately implementable.
Interestingly, f(-) is then implemented without asking maximal evidence to the agents: if the designer asks each
agent to completely certify his type, then f(-) cannot be implemented with a reading mechanism.



(ii) M;(-) admits an evidence base.

Proof. (=) We construct the reading as follows. For every i, let e; : T, — M, be a one-to-one
mapping associated with an evidence base of player 7. Consider a message profile m such that
for every ¢ # j, the message m; is in the range of e;. Then if m; is also in the range of e;, the
reading of the message profile is p;(m;,m_;) = ;' (m;), and p;(mj, m_;) = e; ' (m;) for every
i # j. If on the other hand, m; is not in the range of e;, then p;(m;, m_;) = e; ' (m;) for every
i # j, whereas the message of player j is interpreted as a type in wct (Mj_l(mj)\p_j (m;, m_j)).

Then the strategy profile e is fully revealing. It is also an ex post equilibrium. Indeed if all
players but 7 use this strategy profile, then a message m; of player ¢ that does not belong to the
range of e; is interpreted as a type in wct (Ml-_l(mi)\t_i) for every t_;. Hence such a deviation
does not benefit to player i. Another possible deviation would be to send a message in the
range of e; that differs from e;(¢;), call it e;(¢}), when i’s type is really ¢;. But then this message
is interpreted as t regardless of t_;, and because t; is a worst case type of e;(t,) given any t_;,
player i does not gain from the deviation if her true type is ¢;. Finally, the straightforwardness
property is satisfied by construction of p(-).

(<) Let p(-) be a reading such that the associated mechanism straightforwardly implements
f(+), and let p*(+) be the associated ex post equilibrium strategy profile. Consider some message
m; of agent i. The equilibrium condition implies that, for every t_;, € T_;, and every t; €
M; (m;), and

7

wiltiltis i) = B (i (plmi, =, (-2)))i 1) 1)
= E(“i(f(ﬂi(mie (=), t=i));t) |tz> = v; (pi(mi, p*,(t=)) [ta),

where the second line comes from the straightforward implementation property. Since, by def-
inition of a reading mechanism, p;(mu*;(t_;)) € M; ' (m;), this proves that p;(m;, u*,(t_;)) €
wet (M; ' (m;)[t—;). This proves (i).

7

Now, consider the particular case where m; = uf(s;) for some type s; € T;. Then p;(m;, u*;(t_;))

s;, by the straightforwardness property, and therefore we have shown that s; is a worst case
type of the set certified by p;(s;) given t_;. The straightforwardness property also implies
that 4 (s;) # pf(t;) whenever s; # t;. Otherwise, we would have t; = p; (1} (t;), p*,;(t=;)) =
pi (13 (s:), p*;(t—;)) = s;. Therefore, the function 4 : T; — M, defines an evidence base for
i. O

Ex post implementability by a reading mechanism implies interim implementability by a
reading mechanism. However, the reading used for ex post implementation, even if it satisfies
straightforwardness, may not satisfy independence. To illustrate the relations between ex post

and interim implementation by reading mechanisms, we provide an example such that the con-
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Figure B.2: Accurate interim implementation without independence or straightforwardness —
ex post and interim masquerade relations of agent 1.

ditions of Theorem B.1 and Theorem B.2 are not satisfied, but accurate interim implementation

by a reading mechanism is possible.

Example B.2 (Accurate interim implementation without independence or straightforward-
ness). Consider two agents. The type sets are Ty = {t1,t}} and T3 = {to,t},t5}. The common
prior is that the types of the two agents are independently and uniformly distributed over their
respective supports. We assume that the only certifiable sets of agent 2 are the singletons
{t2}, {t5} and {7}, so that there is no need to incentivize full revelation from agent 2. The
certifiable sets for agent 1 are the singletons, {¢;} and {¢|}, and the set {¢;,%]}, so that there
exists an evidence base, but agent 1 needs to be incentivized to provide precise information.
For simplicity, we denote the messages by the sets they certify.

The ex post masquerading relations of agent 1 and her interim masquerading relation are
given in Figure B.2 with intensities. There is an ex post cycle when the type of agent 2 is to,
and there is an interim cycle. Therefore the conditions of Theorem B.1 and Theorem B.2 are

not satisfied. Accurate interim implementation is possible with the following reading:

p({tn i} {t)) = m({t 6, {t5}) =t and  pi({t, 01}, {3}) =10

Indeed, if the type of agent 2 is ¢, the uninformative message {t1,%}} of agent 1 is read as ¢},
which is an ex post worst case type. Hence she has no incentive to be vague conditionally on
the type of agent 2 being 5. Agent 1 cannot be given ex post incentives if the type of agent 2
is t9, but the designer can dissuade her from being vague by pooling this event with the event
in which agent 2 has type t,. The expected masquerading gain conditional of agent 2 not being
of type ty is +6 for a ¢; type masquerading as a t| type, and -2 for a ¢} type masquerading as

a t; type, an therefore interpreting the vague message as t; is dissuasive. o



C Evidence and Transfers.

It may be interesting for a designer to combine evidence and transfers. When complemented
with evidence, the role of transfers becomes quite different. In the usual context, transfers
must suppress any incentive for the agent to make false claims about her type in the direct
mechanism. When evidence is available, the role of transfers is to modify the incentive structure
so as to make the masquerade relation acyclic. That is, transfers must make lies tractable for
the designer, so that she can read the evidence skeptically.

We show that, in this case, any social choice function can be implemented by a reading
mechanism as long as an evidence base is available, hence, in particular, if own type certifiability

is satisfied.

Theorem C.1. For any social choice function f(-), there exist interim transfer functions 7; :
T; — R and ex post transfer functions 7, : T, — R for i = 1,...,n such that, for every i,
the masquerade relations associated with the interim and ex post masquerading payoff functions

with transfer Vi(s;|t;) and Vi(s;|t;;t—;) are acyclic.

Proof. Let A = maxg, 4, |vi(s;|t;) —vi(ti|t;)]. Then denote all the possible types of i by

th,--- ¢, and let 73(tf) = (¢ — 1)A. That makes the masquerading payoff V;(¢{|t¥) increas-

ing in ¢ for every k since V;(t;T'[tF) — Vi(t4]tF) = A + v (t77tF) — v; (¢]t¥) > 0. Hence the

corresponding masquerade relation is acyclic. O

The idea of the proof is extremely simple: if any ex post difference in transfers is sufficiently
large as to overcome any difference in payoff from changes in the chosen action, then transfers
govern the masquerading payoffs. Then all types try to obtain the highest transfer, and the
worst case type of any subset of types is the one with the lowest transfer.

This result shows that the association of unlimited transfers with evidence is powerful. In
practice, however, transfers may be constrained in many ways: budget balance, individual

rationality or distributional concerns.

D Multiple-Object Auctions

In the first example below, full extraction cannot be achieved, but efficiency and individual
rationality can be achieved by foregoing an information rent. In the second example, individual

rationality and efficiency cannot be achieved together.

Example D.1 (Two Multiple-Object Auctions). Consider auction environments with two
agents, and two goods. The set of possible bundles that can be allocated to an agent is
{0,{1},{2},{1,2}}. Agent 1 has information, encoded in the type set Ty = {s1,%;}, while



Environment 1 Environment 2

10 {1} {2} {12} 0 {1} {2} {12}
w(s1) | 0 3 10 u(sy) | 0 8 10
uy(s1) |0 5 9 u(s)) |0 0 [9] 9
w(t) [0 10 [2] 12 wt) o 8 [5] 13
uy(ty) | 0 1 16 w(t) |0 [9] 1 10

Table D.1: Two Multi-Object Auction Environments

agent 2 has no information. We consider two payoff environments, for which the valuations of
the different bundles are given in Table D.1, where the squares indicate the efficient allocation.

First, consider environment 1. In the fully extractive auction, each agent pays her value for
the bundle she receives. Therefore, all agents get a payoff of 0 if the auction proceeds according
to the true type of agent 1. Suppose that agent 1 convinces the auctioneer that her type is ¢;
instead of s;. In this case, agent 1 obtains good 2 instead of good 1, at a price of 2. Since
her true type is s1, her payoff is ul({2}|31) —2 =1 > 0. Therefore, s; 2 ¢, Now suppose
that agent 1 convinces the auctioneer that her type is s; instead of t;. Then she obtains good
1 instead of good 2, at a price of 7, so her masquerading payoff is ul({l}\tl) —-7=3>0.
Therefore, t; 2, S1.

It is, however, possible to find an individually rational and efficient auction that leads to an
acyclic masquerade. Consider, for example, changing the price of object 1 from 7 to 6 when the
type is s;. Then agent 1 of type s; has a payoff of 1 under truthful revelation, and does no longer
profit by masquerading as t;. This change of price makes the incentive of #; to masquerade as
s1 stronger, but this is not a concern since the cycle is broken. The information rent that has
to be paid in this auction is 1 if the type is s1, and 0 otherwise. It is easy to check that this
is in fact the revenue maximizing auction among individually rational efficient auctions. The
expected information rent is therefore equal to the probability of type s;.

By contrast, for environment 2, no individually rational and efficient auction can prevent a
masquerading cycle. Indeed, individual rationality implies that the price of good 1 is at most
2 under s;, and the price of good 2 is at most 5 under t;. Therefore, the gain of s; from
masquerading as t; is at least (8 —5) — 2 = 1, and the gain of #; from masquerading as s; is
at least (8 —2) — 5 = 1. If we relax the constraint of positive prices, however, efficiency and
individual rationality can be obtained by setting the price of good 1 to -1 in state s;. Then,

budget balance is also satisfied because the auctioneer can price good 2 at 9 in state s;. o
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