APPENDIX
A. COORDINATION SCENARIO

A.1 Bidding Strategies

We identify the bidding equilibria where no agent plays
weakly dominated strategies (Assumption 1) for each possi-
ble combination of agents’ choices of signals to observe.

When neither agent observes a signal, the other agent’s
bid conveys no information about value. In consequence,
bidding the a priori expected value

1
—(1+2
1 (1+29)
is a weakly dominant strategy, and uniquely so.

When one agent observes a signal, the unique weakly dom-
inant strategy for the observing agent is to bid the expecta-
tion of value given its signal:

bidgz = E[U] =

bidjz (L) = E[v | s} = L]
— (G, Q)p(@P(G | L) + (G, Bp(G)p(B | L)
+ (B, G)p(B)p(G | L) +v(B, B)p(B)p(B | L)
= Jag+ 5(1-a)(1+g),
bidyo () = Elo | 5] = H] = sa(1 +9) + 5 (1~ a)g.

The weakly undominated bids for the unobserving coincide
with the range of possible expected values,

bidg; € [E[v | s, =L],Efv|s’, = H]] .

Every bid in this range is an equilibrium bid in response
to the observing agent’s weakly dominant bid, because the
unobserving makes zero profit regardless.

When both agents observe the same attribute (j), As-
sumption 1 restricts possible bids to the ranges

bid; (L) € [Elv|s] = L,s’, = LLE[v| s] = L,s’, = H]|,

bid,; (H) € [E[v |sl=H,s',=L),Ep|s = H,s, :H]] .

In these ranges, only one equilibrium exists. Each agent bids
its expected value conditioned on its opponent signal being
equal to its own (e.g. conditioned on its opponent seeing
High if it saw High),
bid;;(L) = Ev | s! = L, s’ , = L]
v(G,G)p(G)p(G | LL)
+0(G, B)p(G)p(B | LL)
+v(B,G)p(B)p(G | LL)
+v(B, B)p(B)p(B | LL)
1 (1-a)? L1
T2+ (1-a2 27
bid;;(H) = E[v | s/ = H,s’ , = H|
1@
T2a2+(1-a2 27

This corresponds to the famous result of Milgrom and We-
ber [6] that a symmetric equilibrium for SPSB with interde-
pendent values is for each agent to bid its expected value,
conditional on the most favorable opponent signal being

equal to its own.” To see that it is the only equilibrium in
weakly undominated strategies, suppose that one agent de-
viates to a point in the interior of one or both ranges. The
ranges above and symmetry of signals ensure that its bid
given a High observation is at least that of its bid given Low.
The agent’s opponent now can gain advantage by slightly un-
derbidding it in the Low case, and/or slightly overbidding
it in the High case. The agent’s bid is clearly worse than
matching the opponent, and so not in equilibrium. Indeed,
the only stable point lies at the extremes of these ranges, as
concluded above.

When the agents observe different attributes (j and —j),
then the possible bids are restricted to the same ranges,
and due to equal signal accuracy the situation is analogous
to that above. Thus we conclude that the unique solution
bids are the expected valuation conditioned on the opponent
observing the same signal value:

bid;—;(L) =E[v | s = L,s I = L] = (1 — a)® + 2a(1 — a)g,
bid;—j(H) =E[v | s = H,s") = H] = a® + 2a(1 — a)g.
A.2 Expected Utilities
See Appendix A.1 for the bid expressions. When neither

agent observes a signal, they bid identically and make no
utility:

Ugos — 0

When one agent observes a signal, the unobserving agent
wins only when its bid is equal to its expected value condi-
tioned on winning, in which case it makes no utility:

Ug1l, Uz2 = 0.

The observing agent’s profit depends on which equilibrium
bidding strategy the unobserving agent employs. If the un-
observing agent bids less than E[v | s?; = H] then the ob-
serving agent wins and makes a profit every time it observes
a High signal. If the unobserving agent bids E[v | s’ , = H]
then the observing agent never makes a profit.

U1, uze < p(H)(E[v | sl = H] — bidg; )
< i(Qa—l).

When agents observe the same signal, an agent profits only
when it observes a High signal and its opponent observes
a Low signal, since both agents bid identically when they
observe equal signals,

u11, u22 = p(H, L)(E[U | SZ =H, Sii = L] - bid]‘j(L))
1 B a(l—a)
= 4(2a 1)7a2+(1—a)2'

When both agents observe different signals, and agent sim-
ilarly profits only when it observes a High signal and its
opponent observes a Low signal,

U1z, U21 :p(H,L)(E[v | s{ = H, 37{ =IL]-
= 1= D1 - a)(1 - ) + ag).

bid,—; (L))

B. PRIVATE VERSUS COMMON SCENARIO

9See also discussions of this setting by Menezes and Mon-
teiro [5, Theorem 5], Krishna [3, Section 6.2], and Well-
man |10, Section 3.3.3.1].



B.1 Bidding Strategies

We identify the bidding equilibria where no agent plays
weakly dominated strategies (Assumption 1) for each pos-
sible combination of agent’ choices of signals to observe.
When neither agent observes one of their private signals,
all of the bidding strategies from the coordination scenario
apply here (See Appendix A.l). This is clear when one
of the common attributes from the coordination scenario
is marginalized out, and both private attributes from the
private versus common scenario are marginalized out.

When neither agent observes a signal, the weakly domi-
nant bid is to bid their expected value:

1
bidgs = E[v] = Z(l +p+eo).

When one agent observes the common signal, and the
other observes nothing, the observing agent bids its expected
value given its signal. The unobserving agent bids in the
range between its expected value given the observing agent
saw a Low signal amd its expected value given the observing
agent saw a High signal:

1 1
bidoo (L) = E[v | s& = L] = 2P + 5(1 —a)(1+c¢),
1 1
bidoo(H) = E[v | s& = H] = gal+o)+ 51— a)p,

bidgo = E[v | s& = L] > bidos (L)
bidge = E[v | s& = H] < bides (H).

When both agents observe the common signal, an agent’s
equilibrium bid is to bid its expected value conditioned on
its opponent seeing the same signal (Appendix A.1):

bidec(L) =E[v | s§ = L,s%; = L]

_1%(1+C)+1a72
© 2a%+ (1 —a)? 2(12—1—(1—(1)2]77
bidec(H) = E[v | s§ = H,s%; = H]
1 a? 1 (1-a)?
=-——— (1 - _p
2a2+(1—a)2( +C)+2a2+(1—a)2p

When one agent observes its private signal, and the other
agent observes nothing, each agent’s unique weakly domi-
nant bidding strategy is to bid its expected value conditioned
on its signal or lack of signal. This result follows from the
independence between an agent’s value and its opponent’s
signal in this subgame,

1
bidgp = E[] = +p+o),
1 1
bidps (L) = E[v | sh = L] = 5(10—&— 5(1 —a)(1+p),

1 1
bidpy(H) =E[v | sp = H] = 5@(1 +p)+ 5(1 —a)e.

When both agents observe their private signal, an agent’s
unique weakly dominant strategy is still to bid it expectation
of value given its signal, due to value being independent of
the opponent’s signal,

1 1

bidpp (L) = bidpg (L) 5ac—|— 5(1—@)(1—1—])),

1 1
bidpp(H) = bidps(H) = §a(1 +p) + 5(1 —a)c.

When one agent observes its private signal and the other
agent observes the common signal, the common-signal agent

has a unique weakly dominant strategy, to bid its expected
value conditioned on the signal it observed, due to value
being independent of the opponent’s signal,

1 1
bidep(L) =E[v | s& = L] = Eap—i— 5(1 —a)(1+¢),
1 1
bidep(H) = E[v | s& = H] = ol +0)+ 51— a)p.

The private-signal agent’s bids are more complicated. As-
sumption 1 restricts possible bids to the ranges

bidpc (L) € [E[v | sb=L,s&=L),Ejv]|sh=L,sS = H]] ,
bidpc (H) € [E[v | sb=H,s& = L),E[v | shb = H,s& = H]] .

Given the unique weakly dominant bids of the common-
signal agent, any strategy where the private-signal agent
overbids the common-signal agent when the common-signal
agent observes a High signal, and underbids when it gets a
Low signal is an equilibrium:

bidpe (L) < Efv | s& = L] = bidep (L),
bidpc(H) > Ev | s& = L] = bidop(H).

Therefore the upper bound on potential Low bids is the
minimum of Efv | s = L,s%, = H] and E[v | s = L],
and similarly for the lower bound on potential High bids.
For simplicity we keep both bounds instead of taking the
intersection,

bidpo (L) < E[v | sh = L,s& = H|
<d’c+(1-a)’p+a(l-a),
bidpc(L) < bidep (L),
bidpe (L) > E[v | sp = L,s¢ = L]
> (1-a)”+a(l —a)(c+p),
bidpc(H) < E[v | sp = H,s& = H|
< a® +a(l - a)c+p),
bidpc(H) > Ev | sp = H, s& = L]
>a’p+ (1 —a)’c+a(l—a),
bidpc(H) > bidep(H).
B.2 Expected Utilities

See Appendix B.1 for the bid expressions in this scenario.
When neither agent observes a signal, they bid identically
and make no utility:

Uy = 0

When one agent observes the common signal, and the
other observes nothing, the unobserving agent wins only
when its bid is equal to its expected value conditioned on
winning, and it makes no utility:

UgCc = 0

The observing agent may make a profit every time it ob-
serves a High signal, depending on how high the unobserving
agent bids:

uco < p(H)(E[v | s& = H] — bidsc ),

—_

< Z(Za —1)(c—p+1).



When both agents observe the common signal, they bid
identically if they both observe the same signal value. There-
fore, an agent only profits when it observes a High signal and
its opponent observes a Low signal,

ucc = p(H,L)(Efv | s{ = H,s%, = L] — bidcc (L))

~Lggp_ali=a)

1 s(c—p+1).

a?+(1—a)

When one agent observes its private signal, and the other
agent observes nothing, then the private-signal agent wins
the auction every time it observes a High signal,

upe = p(H)(E[v | sp = H] — bidep)
=5 (3a0+9 4 50 -@e- ja4p+0)
= S@a—Dp-c+1).

The unobserving agent wins the auction every time the private-
signal agent observes a Low signal,

uop = p(L) (Ele] - bidpo(L)) = £(2a~ 1)(p— ¢+ 1).

When both agents observe their private signal, an agent
profits only when it observes a High signal and its opponent
observes a Low signal,

upp = p(H,L)(E[v | si = H] —bidpp(L))

= %(m— D(p—c+1).

When one agent observes the common signal and the other
its private signal, then due to the equilibrium condition re-
quiring the private-signal agent to underbid with a Low sig-
nal and over bid with a High signal, the private-signal agent
makes profit only when it observes a High signal,

upc :p(sg =H, sg =1I)
“(E[v | sp=H,sc=L]— bidep (L))
+p(sp = H,s& = H)
(E[v| sp = H,s& = H] — bidep(H)))

- %(2@ C)p—c+1).

Due to the range of possible bids the private-signal agent can
make, the profit of the common-signal agent can vary de-
pending on the equilibrium bids of the private-signal agent.
The following inequalities are required by Assumption 1 and

equilibrium bidding;:
ucp < p(s¢ = H,sp = L)
(E[v | s =H]—E[v|s& =L,sh =1])
+p(sé =L,sp =1L)
(E[v | s& = L] —E[v | s& = L,sp = L))

< é(Qa —1)*(c+p—1)+ 3(2(1— 1),

(E[v|s& = H| —E[v|s& = H,sp = L))
+p(s& =L,sp=L)

-(E[v |56 = L] = E[v | s¢ = H,sp = L])

> (1440 — (et (1-a)*p+a(l - a)),
ucp > p(sg =H,sb = L)

(E[v | s& = H] — bidcp (L))

+p(s& =L,sp=L)

(E[v| s& = L] — bidep (L))

> é(Qa C1)(e—p41).

B.3 Efficiency

The efficiency of a profile is the ratio of the social welfare
of that profile to the Maximum Social Welfare (MSW). The
maximum social welfare is equal to the expected value of the
winner in the subgame where one agent observes its private
signal, and the other agent observes nothing (See Section 4.3
for details),

MSW = E[winner’s vpg]

=p(H)E[v | sp = H] + p(L) E[v]

= 1@ +p) + (1= @) + L1 +c+p)
1
e

The CC social welfare can be calculated in a similar manner,

((3 =2a)c+ (1 +2a)(p+1)).

CC Social Welfare = E[winner’s vcc]
= E[v]

1
:Z(1+c+p).

The efficiency of the CC equilibrium is therefore
CC Social Welfare
Maximum Social Welfare

2+ 2(p+1)
(3—2a)c+ (14+2a)(p+1)

CC Efficiency =

B.4 Symmetric Accuracy Relaxation

To relax the constraint that the private and common sig-
nals have the same accuracy, we split the accuracy into pri-
vate and common accuracy:

Pr[sf:Hhﬂ:G]:Pr[sf:L|w:B]:aP7
PI‘[SZ-C:H|w:G]:Pr[3?:L‘w:B]:aC.



In every subgame except PC, agents observe only one type
of signal (either common or private). Therefore the only ac-
curacy that factors into the expected utility is the accuracy
of the type of observed signal (a — ac or ap). For example,
C from Table 2 goes from

1 a(l —a)
C—Z(?a—l)7a2+(1_a)2(c—p+l)
to
ucp >
1 ac(l—ac)

The only case that qualitatively changes is when one agent
observes the common signal while the other agent observes
its private signal. In the PC bidding subgame, the bidding
strategies change slightly, but retain the same structure as
the bidding strategies when the accuracy was symmetric,

Laop+
2acp

1
H) = E[v | s6 = H] = jac(1+c)+

bidep(L) = Efv | sS = L] = %(1—110)(14—6),

bide S0 —ac)p,
bidpc (L) < bidep (L),
bidpc(L) < E[v | sb=1L,s8= H)
<(l-ap)ac+ (1 —ap)(1 —ac)p+apacc,
> E[v|sh =L,s& = L]
> (1 —apr)(l —ac)+ (1 —ap)acp
+ap(l—ac)e,

bidpc(H) > bidep(H),
bidpe(H) > Efv | sp = H, s& = L]

> ap(l —ac) +apacp + (1 —ap)(l —ac)e,
bidpc(H) < Elv | sp = H,s& = H]

<apac +ap(l —ac)p+ (1 —ap)ace.

bidpc (L)

As in the symmetric accuracy case, the private-signal agent
makes profit only when it observes a High signal,

PEupc:p(sg:H,sg:L)

(E[v | sp = H,s& = L] - E[v | s& = L])
+p(sp = H,s¢ = H)
(E[v|sp = H,s& = H| —E[v | s¢ = H])

(2ap — 1)(p —c+1).

OOM—‘

The common-signal agent only makes profit when the private-
signal agent observes a Low signal,

C=ucp <p(sé = H,sp=1L)
(E[v|s& =H]—E[v|s¢=L,sp=L])
+p(sé =L,sp=1L)
(E [v|sg=L]—E[v\5g:L,s§:L])

—_

< 2ptet1) - 2[00 - ap)(1 - ac)

oe]

+p(l —ap)ac + cap(1l — ac)],

uce > p(s¢ = H,sp = L)

(E[v|s& = H —E[v | s& = H,sp = L))
+p(sé =1L sl;:L)

(E[v | s& = L] - E[v | s& = H,sp = L])
1

,<p+c+1)_%[ac(1_ap)

+ capac +p(1 —ap)(1 — ac)],
(Sc = H Sp = L)

o]

(E[v|s& = H —E[v | s& = L))
+p(s& =L,sh =1L)
-(E[U|sg:L}—E[v\sg:L])

é(2ac —1)e—p+1).



