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Appendix A

Proof of Theorem 1 |

Proof. Since the bids for impressions from publisher 6 are less than or equal to u, 2. Ps is an upper bound of the expected revenue. We
will show that the expected revenue from the policy of complete revealing convergés to this upper bound as |C| approaches infinity. To
establish this, we will show that, as |C] - ,

E[SH {w(0)}] - u,
To establish this, we will show that SH {w“(0)} - u, in probability. That is, for any J, > 0,

lim P(ju, —SH {w (O)}}= 8,) =0

Hm
Since SH,{w’(0)} < u,, we will show that ‘glnw P(SHC{W“(H)} <u,— é;) =0.
Let F,(x) and F5"(x) denote the cumulative density function of w*(#) and SH,{w*(6)}, respectively. Then, we have
P(SH {w (@)} <u,-3,)= £ (u, - 5))
= [F,(u, ~ 8,)] HC[Fy(uy - 8,)] [t - Fy(u, - 6,)]

Let h = Fy(u,— 6,) <1, then
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lim P(SH {w"(8)} <u,-3)

|Cl— e

— 1; C] IC-1(1
_lggl[h + R (1= )
_1; (el . IC-1(1_
= lim +|51£130[|C|h (1-)]
— ; [C-1(1 _
_0+|g£11[|C|h (1-)]

= (1= h) lim (| C|A!
(1) lim (|C[A )

—(1-h) giggo{—(hl)c‘] m(hl)}
=0

where the penultimate equality follows from L’Hopital’s rule. This completes the proof of the claim.

Proof of Theorem 2 |

Proof. It suffices to demonstrate a specific instance (of the optimization problem under the one-call design) for which the stated claim holds.
Let C={1,2},and ® = {1,2}. Let |4 =1 forall c € C. Thus, the advertiser label a can be suppressed. In this instance, let bidder 1 hold a
valuation of 10 if @ =1, and 0 if §=2. Thatis, for c=1,v'(1) =10, v'(2) =0. Let bidder 2 hold a valuation of 10if =2, and 0if = 1. That
is, forc =2, v¥(1)=0,v*2)=10. Letp, =p, = % , that is, both publisher identities are equally likely.

Consider the policy of always revealing 6. Then, for any realization of 0, one bid is 10 and the other bid is 0. Since the second-highest bid
is 0, then any impression generates a revenue of 0. Therefore, the expected revenue generated from the auction is 0. Next, consider the policy

of always hiding 6. In this case, each bidder submits a bid equal to % =5 and, therefore, the second-highest bid is 5. Thus, the expected
revenue generated from the auction is 5. The result follows.

Proof of Theorem 3 |

Proof. In this case, we have |C] =2 and |4 =1 for all ¢ € C. Therefore, we can simplify the objective function by replacing SH_{.} with
min, {.} and suppressing the advertiser label a. Then the optimization problem becomes

max{ Y, pyg!E[minfv* ©)}]+ E[min{3", poatv @)

where G, €[0,1] . Observe that
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Rev'(Ggr)
= 3o PoqfE [min{ve(6)}
= T E [min{peqfve(6))

+E [min{2 poafve(®)}]

+E [mcin{ZG Pquvc(@}]

=E [29 min{pgqfv(6)}| + E [mcin{ZG pe(1— qg)vc(@}]
< E[min{Zy ppafv(6)}] + E [min{Ze ps(1 - af)v(®)}]
= E [min{Z poafv(6)} + min{Ze po(1 — 48)ve(6)}]

< E[min{Z poafv(6) + o po(1 - a8)ve(0)}]

= E[min{S, peve(6)(af + 1 - a2)}]

=E [mcin{Zg Pevc(a)}]

= Rev!(0).

—

Thus, the expected revenue under any feasible policy is smaller than Rev' (6), which is the expected revenue from the complete hiding policy.
This implies the optimality of the complete hiding policy.

Proof of Theorein 4 /55—

Proof. Consider the following instance of the optimization problem under the one-call design. For an integer k > 2, let C = {1,2, ...,2k —
1,2k} and © = {1,2, ..., k}. Let |A€| = 1 for all ¢ € C. Therefore, we suppress the advertiser label a. In this instance, let bidders 1 and 2
hold a valuation of 1 when 8 = 1, and 0 otherwise. That is, for c = 1,2, v*(1) = v?(1) = 1,v*(2) = v?(2) = 0, ..., v* (k) = v?(k) = 0.
Similarly, let bidders 3 and 4 hold a valuation of 1 when 8 = 2, and 0 otherwise. That s, for ¢ = 3,4, v3(1) = v*(1) = 0,v3(2) = v*(2) =

1,v3(3) = v*(3) =0, ...,v3(k) = v*(k) = 0. In general, for j = 1,2, ..., k, let bidders 2j — 1 and 2j hold a valuation of 1 when 8 = j, and
1

0 otherwise. That is, for c = 2j — 1,2j, v¥~1(j) = v?/(j) = 1,andv®(0) = 0,Vc & {2j — 1,2j}andf # j. Let pg = L forallg €0, ie.,

all publisher identities are equally likely.

Consider the policy of always revealing 8. Then, for any realization of 6, the second-highest bid is 1. Thus, every impression generates a
revenue of 1. Therefore, the expected revenue generated from an auction is 1. Next, consider the policy of always hiding 8. In this case,

. . . 1 . L1 L1
each bidder submits a bid equal to % and, therefore, the second-highest bid is e Thus, the expected revenue generated from an auction is e

The result follows.

Proof of Theorem 5
Proof. From inequality (5), we have Rev'(Gr) < Rev'(1) + Rev'(0). Thus,

OPT, < Rev!(1) + Rev!(0)
Since the maximum of two numbers is at least as large as their average, we have

max{Rev' (1), Rev'(0)} > 3 (Rev' (1) + Rev'(0))
The two inequalities above imply that
max{Rev' (1), Rev'(0)} = %OPT1

To establish the tightness of the bound, consider the following example. Let C = {1,2,3,4} and © = {1, 2,3,4}. Let |A°| = 1 for all c € C.

Therefore, we suppress the advertiser label a. The matrix of valuations, where the rows correspond to ¢ and the columns correspond to 6, is
as follows:

ER=E
o Rk
oNnvo o
NO oo
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Letpy = Lforall @ € 0.

T4

Consider the policy of complete revealing. For the first two realizations of 8, the second-highest bid is 1, while, for the last two realizations
of 6, the second-highest bid is 0. Thus, Rev'(1) = 1 +7 = 5. Also, Rev!(0) = SH {3,333} = 3. Finally, max{Rev' (1), Rev' (0)} = 5 >
%OPTl. This implies that OPT; < 1. The policy of revealing the first two publisher identities and hiding the last two, has expected revenue

% + % + %min{l,l} = 1, and is therefore optimal. The tightness follows.

Proof of Theoreinm (15—

Proof. For a uniform policy, we have q§ = q for every 6 € ©. Then, the expected revenue for such a policy is
Rev'(dr) = To PoqEISH W ()] + E[SH, {max Ty po(1 — )v*(6,@)}] (from(1))

=) poBISHAWS @))] + (1 = E | SHe fmax > pyve(a, a)}]
0 0

= qRev'(1) + (1 — q)Rev'(0) (from (3) and (4)) (11)

SH,

We know from inequality (5) that
OPT, < Rev!'(1) + Rev'(0)

Thus, for a uniform policy with g§ = %, we have

- 1 -
Rev'(1) + ERevI(O)

N~

1
) =
Rev (2)

[u=y

2 - OPT,

The tightness of this bound can be shown by the example in the proof of Theorem 5.

Proof of Theorenn S 55—

Proof. Consider the following example. Let C = {1,2} and ©® = {1,2,...,2n} where n = 2. Let each bidder ¢ € C work with exactly n
advertisers. More specifically, let A' = {1,2,...,n} and A> = {n + 1, ...,2n}. Let v*(8,a) = 1 if 6 = a and v'(6,a) = 0 otherwise. Let
v%(6,a) = 1if0 = a + n and v%(, a) = 0 otherwise. An explanation follows.

For the first bidder (¢ = 1), an impression from any of the first n publishers (6 € {1,2, ..., n}) generates a value of 1 when the specific ad
a = 6 is served. All other publisher-ad pairs result in zero value. Similarly, for the second bidder, an impression from any publisher 6 €
{n + 1, ...,2n} generates a value of 1 when the specific ad a = 6 is served, whereas all other (a, 8) pairs provide zero value. The matrices of
valuations for the two bidders are provided below:

Valuations for Bidder 1(c = 1) Valuations for Bidder 2(c = 2)
0 0
1 2 - n n+1 - 2n 1 - n n+l1 n+2 - 2n
1 10 -0 0 0 n+1 [0 - O 1 0 0
2 |10 1 0 0 0 n+2 (0 - 0 0 1 0
a H H H H . . a H H . . . H .. H
n 0 0 1 0 0 2n o - 0 0 0 1

Letpg = % for all 6 € O, that is, all publisher identities are equally likely. This completes the specification of the example.
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We will prove our result by showing the claims that the optimal expected revenue under one-call design (OPT,) is i and that the optimal
expected revenue under the two-call design (OPT,) is at least % Thus, % is larger than n, which can be made arbitrarily large. We now
1

proceed to prove the two claims made above.

In the one-call design, notice that the expected revenue of the complete revealing policy, that is, RevI(T), is 0 since the second-highest bid

is 0 for every impression. Similarly, the expected revenue of the complete hiding policy, i.e., Revl(a), is i since both bidders have an

1

expected valuation of i for every impression. Next, consider the policy of revealing every impression with probability % (i.e., g = E)' We

know from (11) that the expected revenue under this policy is Revl(%) = %Revl(ﬁ)) + %Revl(i)) = ﬁ. We also know from Theorem 6 that
this policy (ggr = %) generates a revenue of at least half of OPT;. This implies that OPT; < zi which as we have seen above, is Revl(a).

)
Therefore, OPT; = ﬁ

In the two-call design, consider the policy of choosing gg = 0. Since 6 is known to the winning bidder before choosing the ad, we see from
the matrices of valuations above that each bidder obtains a value of 1 from 50% of the publishers and a value of 0 from the remaining

publishers. Thus, under the Gg = 0 policy, each of the two bidders submits a bid equal to % for every impression. Therefore, the expected

revenue under this policy is Rev!!(0) = % This implies that OPT, > %

Proof of Theoren O 15—

Proof. The arguments used in the proofs of Statements 1 and 2 are similar to those in the proofs of Theorems 5, and 6. Therefore, for brevity,
we avoid providing the proofs of these statements here. Note that the policy of complete revealing is the same under the one-call and the two-
call designs. Therefore, Statement 3 follows from Theorem 1. Recall that the instances in the proofs of Theorems 2 and 4 use |A|¢ = 1 for
all ¢ € C. Since the expected revenue of any policy stays the same under the one-call and the two-call designs when |A|¢ = 1 for all ¢ € C,
the proof of Statement 5 follows from those of Theorems 2 and 4.

We now proceed to prove Statement 4. Consider a policy of . Then the expected revenue of this policy is

Rev''(dn) = ) poqfE [min{we()}] + E | min {Z po(1- q}‘{)wf(e)}]
6 6

= E[Zp min{ppafwe()}] + E [min{3s ps(1 - af)we(0)}]
< E[min{Zo poafw* (©)}] + E[min{Zo ps(1 ~ adw* (©)}]
< E[min{Zy ppafwe(6) + o po(1 — ad)w(0)}]

= E [min{Zy ppw (0)}

= Rev'(0).

The result follows.

Appendix B

Derivations of the Closed-Form Expressions in Simplification under
Uniform Bidder Valuation s |5

Assume that the valuation of bidder ¢ € C toward publisher 6 € @ (i.e., w.(0)) follows a uniform distribution with the support [0, b.g]. For
a given 6, let b g be the ™ smallest by and let by 9 = 0. For a given publisher identity 6, let Fe(c) (x) and fg(c) (x) denote the cumulative
density function and the probability density function, respectively, of bidder (c)'s valuation towards publisher 8 (i.e., w(c)(6)), where w(cy (0)
follows a uniform distribution with support [0, b(¢)g]. Then,
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(4] c

IE[max{wc(H)}] Z Z f o 1_[ EY ()| £L9 () dx

bi-10 | j#ej>i-1

|C| b(l)g x 1 d
fb(; 10,6 H]ic]>1. 1 b(j),e b(c),B

Icl Ay b(x)a

Z { b(L 1,6 H]>L 1 b
C
3l {Z

fb(l)g x|C| i+1

b(i-1)6 l-[]>L 1b(ie

Ic| { c 1 bwe . |cl-i+1 }
e x dx
Z Zl 1 H]>L 1b(je b(i-1)6

|ICl-i+2 |ICl-i+2
ZICI c 1 bie b6
i=1 H]>z 1b(])9 [Cl-i+2

|Cl+2—-i |Cl+2—-i
=y { ¢ _bwe ~hune }

=1+ 2-D jsim1 Do
The last expression above is the one specified in the “Simplification under Uniform Bidder Valuations” in the article.

Next, we derive a closed-form expression for E[SH {w¢(6)}].

E[SH {w(8)}]
[C]-1
b(l)e

= f Y (1-rP@) [ AP+
i=1 "PG-1.60 |k=|CTE>i-1 1#[Cl ke I>i-1
|C| 1

b(l)9

f Y (1-rPw) [] Ae|i0wad

c:l b(i-1)6 k:/:ck>1 1 l#ck1>i-1

(the first term captures the case in which the bidder with bids from Uniform[O, b(|c|)'9]
has the second highest bid, and the second term captures all the other possibilities. )

-1,
S 3 () ] A
= - — X+
i=1 “b k#|CTR>i-1 baoy.e L[k I>i-1 bwe | Pacn.e

(i-1),6

IC|—

I s ) e =
X - —_— X

~ b by, ~ buye|bee

i=1 “P@-1).6 k#c,k>i—1 l#c,k,1>i—1

Cz: fb(l)e 2 <1 X > xlCl—i—l d +
- X
~ b | (TS -1 b6 [lisk>i-1 baye

(i-1),8

Iclz—:l c fb(i)’e ( X ) xlCl-i-1
X Z 1-— dx
o Ly, bioye ) izkisi-1 baye

i=1 Y@ -1.0 k#ck>i—1

CZ J-b(l)g Z < x|C|—i—1 x|C|—i > d
- x +
= Jp izki>i-1 baye  Ihisi-1 baye

-6 | k#|Clk>i-1
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Icl-1 . .
x - x
i+ b i+ b
S S bne i [lizki>i-1 baye  Ilisi-1 baye
[C]-1 . ,
b(i)’g x|C|—l—1 x|C|—l

= X
i=1 P16 |k#|CTk>i-1

dx +

[ixki>i-1 baye [li>i-1 baye

k#|CLk>i—1

[Cl-1 ¢

Z z fb(i)'g Z xlCl=i-1 2 KlCl=i p
X - | ax
b Hl#:k,l>i—1 b(z),e

[li>i-1 baye

c=1 i=1 Y310 k#c,k>i—-1 k#c,k>i—-1
[C]-1
b.e i 1 ol 1
= Z x [xl€I=i=1 Z W - — xlCI= o b dx +
i=1 “ba-n.e kx| CTRoio1 HFRI>I=1 P16 ks | (i1 L 1>i=1 P,
L bee 1 1
i), X .
D ) AR
. i—1 b i1 b
c=1 i=1 "ba-ne k#CR>i—1 Hl:tk,l>l 1 21,0 ktCRSi-1 [li>i-1 0,0
ICl-1
baoe 1 Cleint 1
i=1 “ba-ne kx| (Thoio1 L 11FRI>=1 (D6 ket | (i1 12i=1 9,0
lc-1 ¢,
(X , 1 ) 1
z lel-i Z _ lcl-itt dx
, i—1 b i1 b
c=1 i=1 b(i-1)6 k#c,k>i—1 Hlik'bl 1 7.6 k#ck>i—1 Hl>l O
Icl-1
beie ) 1 b.e . 1
YA S e [ e Y e
i=1 b(i-1),6 k#|Clk>i-1 ek >i-1 .6 b(i-1),6 k| CTemi-1 [li>i-1 0,8
[C]-1 ¢
b b
.6 . 0.6 .
2 {f DI ey it LRI e dx}
c=1 i=1 b(i-1),0 k#ck>i—1 L=k 1>i-1 Y(1),0 bi-1)0 k#CR>i—1 1>i—-1 Y(1),6
[C]-1 b b
1 .0 . 1 (i),6 ]
= Z l_[—bf xlC1=tdx — Z T b f xlC=i+tgy b +
=1 \kz|CTR>i1 PRI B0 b1y k| CTR>i-1 2= P08 b1y
[C]-1 ¢
b b
.6 . 0.6 .
YUY i [ e [ sl
c=1 =1 kzck>i-1 Misrei>i-1 baye b(i-1),6 k#Ck>i—1 [li>i-1 Do bi—1)6
ICl-1 plCI=i+1 _ plCl-i+1 plClmi+2 _ pici-i+2
_ (1).6 (i-1),0 (OX:) (i-1),0 +
B Cl—i+1 i1 b Cl—i+2 )
= ke (o1 (e ) isri>i-1 baye oy, o (c| ) [li>i-1 bye
[Cl-1 ¢ |Cl-i+1 |Cl-i+1 [C|—i+2 [Cl-i+2
Z 2 2 baye — ~ D1 biye D16
Cl—i+1 i_1 b Cl—i+2 i_1 b '
e Y ([ ) Mizki>i-1 baye welio aci M isi-1 baye
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The last expression above is the one specified in the “Simplification under Uniform Bidder Valuations” in the article.

Appendix C

Viability of Information Hiding by Competing Ad Exchanges I —

Consider two ad exchanges (X and Y), four bidders (B1, B2, B3, and B4), and four publishers (P1, P2, P3, and P4). Ad exchange X sells
impressions from publishers P1 and P2, and ad exchange Y sells impressions from publishers P3 and P4. The valuations of the bidders toward
the impressions from different publishers are given in Table C1. For example, the value 1 in row B1 and column P1 indicates that bidder B1
has valuation 1 towards an impression from publisher P1. This bidder has a valuation of 0, 0.8, and 0, for the impressions from publishers
P2, P3, and P4, respectively.

Table C1. Bidder Valuations Toward Publishers

X Y
P1 P2 P3 P4
B1 1 0 0.8 0
B2 0 1 0 0.8
B3 0 0.8 1 0
B4 0.8 0 0 1

The game has two stages:

e  First, ad exchanges X and Y simultaneously decide on their information revelation policies. For an ad exchange, there are two
options: (1) Reveal the publisher identity to bidders in all auctions (CR policy). (2) Hide the publisher identity to bidders in all
auctions (CH policy).

e  Second, bidders B1-B4 choose one ad exchange to join after knowing the information revelation policies chosen by the two ad
exchanges.

Using backward induction, we first analyze how bidders choose between the two ad exchanges in the second stage. Since there are two
options for an ad exchange, there are four information revelation scenarios that the four bidders face:

Scenario 1: Both the ad exchanges choose the CR policy.

Scenario 2: Ad exchange X chooses the CR policy and ad exchange Y chooses the CH policy.
Scenario 3: Ad exchange X chooses the CH policy and ad exchange Y chooses the CR policy.
Scenario 4: Both ad exchanges choose the CH policy.

Table C2 describes the game between the four bidders and reports the possible equilibria under scenario 1 above. Each cell in Table C2
reports the payoffs corresponding to a set of joining decisions made by the four bidders. For example, the cell in the last row and last column
(i.e., inrow B2-Y-B1-Y and column B4-Y-B3-Y) reports that if bidders B1—-B4 all choose to join ad exchange Y, then the payoffs of bidders
B1-B4 are 0, 0, 0.1, and 0.1, respectively. These four payoffs are computed as follows: Since all four bidders join ad exchange Y and this
ad exchange chooses the CR policy, the four bidders bid their true valuations listed in Table C1. If the impression is from publisher P3, then
bidders B1--B4 bid 0.8, 0, 1, 0, respectively. Thus, bidder B3 wins the auction and pays 0.8. Therefore, the payoff of bidder B3 is 1 — 0.8 =
0.2. The payoff of each of the other three bidders is 0 because they do not win. Similarly, if the impression is from publisher P4, then the
payoff of bidder B4 is 0.2 and the payoff of each of the other three bidders is 0. Since the probability that an impression is from either
publisher P3 or P4 is 0.5, the expected payoffs of bidders B3 and B4 are both 0.5 X 0.2 + 0.5 X 0 = 0.1, and the expected payoffs of bidders
B1 and B2 are 0.
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Table C2. Game Between the Bidders in Scenario 1 (The possible equilibria are highlighted in red)

Scenario 1: X Y
X chooses CR Policy B3 B3
Y chooses CR Policy X Y X Y
(0.5, 0.5, 0.5, 0.5)
< | B X (0.1,0.1, 0, 0) (0.1, 0.5, 0.5, 0) (0.5, 0.1, 0, 0.5) Rev X = 0
RevY =0
Y (04,0.1,0,0.4) (0,05,0.1,0.4) (04,0.1,0,0.5) (0,0.5,0.1,0.5)
B2 X (0.1,0.4,04,0) | (0.1,04,0.5,04) (0.5,0,04,0.1) (05.0,0.5,0.1)
v B1 (0.4,0.4,0.4,0.4)
Y Rev X = 0 (0, 0.4, 0.1, 0.4) (0.4, 0, 0.4, 0.1) (0,0, 0.1, 0.1)
RevY=0

An entry in this payoff vector is underlined in Table C2 if it is the best response of the corresponding bidder, given the choices of which ad
exchange to join by the other bidders. For example, consider the payoff vector (0.5,0.1,0, 0.5) corresponding to the choice of bidders BI,
B2, and B3 to join ad exchange X and bidder B4 to join ad exchange Y. Here, given the choice by bidders B2 and B3 to join exchange X and
bidder B4 to join Y, the best response of Bidder B1 is to join exchange X and her corresponding payoft'is 0.5. Clearly, for a cell to correspond
to an equilibrium, all four elements in its payoff vector should be underlined. There are two possible equilibria of the bidders under scenario
1: One is that bidders B1 and B2 join ad exchange Y and bidders B3 and B4 join ad exchange X. The other is that bidders B1 and B2 join ad
exchange X and bidders B3 and B4 join ad exchange Y. The two equilibria are highlighted in red in Table C2.

Based on the valuations of bidders in Table Cl1, it is easy to verify that in both these equilibria, the revenue of each ad exchange will be zero.
For example, for the case in which bidders B1 and B2 join ad exchange Y while bidders B3 and B4 join ad exchange X, ad exchange X gets
zero revenue because the second-highest bid in an auction of an impression from either publisher P1 or P2 is zero. The same calculation can
be done for ad exchange Y. The revenues of ad exchanges X and Y are reported in the table as Rev X and Rev Y, respectively.

The games between the bidders in scenarios 2 through 4 and the corresponding equilibria are reported in a similar fashion in TablesC3 through
C5, respectively. Note that we assume that the probability that an impression sold by ad exchange X (resp., ad exchange Y) is from P1 or P2
(resp., P3 or P4) is 0.5. Thus, when an ad exchange hides the publisher identity from bidders, each bidder submits her average valuation as
her bid in the auction. For example, from Table 3, Bidder B3 has valuation 1 toward the impressions from P3 and valuation 0 toward the
impressions from P4. If ad exchange Y chooses CH policy, then Bidder B3 will submit 0.5 as her bid. Similarly, under the condition that ad
exchange Y chooses the CH policy, the valuations from bidders B1, B2, and B4 are 0.4, 0.4, and 0.5, respectively. As an example, consider
scenario 2 where ad exchange X chooses the CR policy and ad exchange Y chooses the CH policy. If (say) all the bidders join ad exchange
Y, then the bids from bidders B1-B4 are 0.4, 0.4, 0.5, and 0.5, respectively. Therefore, bidders B3 and B4 have an equal chance (i.e., 50%)
to win the auction and pay 0.5. The corresponding payoff of bidder B3 and of bidder B4 is 50% % [0.5 x (1 — 0.5) + 0.5 X (0 — 0.5)] = 0.
The payoff of each of the other two bidders is 0, since they do not win. Therefore, the payoff vector in the last row and last column of Table
C31is(0,0,0,0).

All potential equilibria for the bidders are highlighted in red in Tables C3 through C5; the corresponding revenues of the ad exchanges are
also reported. For example, in Scenario 2, one possible equilibrium is that bidders B1 and B2 choose ad exchange X while bidders B3 and
B4 choose ad exchange Y. The corresponding revenues of exchanges X and Y are 0 and 0.5, respectively.

Next, we analyze the first stage of the game, namely the game between the ad exchanges. Since there exist multiple equilibria under each
scenario, we consider a few possibilities by choosing one possible equilibrium for each scenario.

Possibility 1: In scenario 1, bidders B1 and B2 join ad exchange X while bidders B3 and B4 join ad exchange Y; the corresponding revenues
of ad exchanges X and Y are 0 and 0, respectively. In scenario 2, bidders B1 and B2 join ad exchange X while bidders B3 and B4 join ad
exchange Y; the corresponding revenues of ad exchanges X and Y are 0 and 0.5, respectively. In scenario 3, bidders B1 and B2 join ad
exchange X while bidders B3 and B4 join ad exchange Y; the corresponding revenues of ad exchanges X and Y are 0.5 and 0, respectively.
In scenario 4, bidders B1 and B4 join ad exchange Y while bidders B2 and B3 join ad exchange X; the corresponding revenues of ad
exchanges X and Y are 0.4 and 0.4, respectively. The game between the two ad exchanges is described in Table C6. The unique equilibrium
for the ad exchanges under this possibility is that both of them choose the CH policy.
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Table C3. Game Between the Bidders in Scenario 2 (The possible equilibria are highlighted in red)

Scenario 2: X Y
X chooses CR Policy B3 B3
Y chooses CH Policy X Y X Y
(0.1, 0.5, 0.5, 0) (0.5,0.1, 0, 0.5) (0.5,0.5, 0, 0)
X B1 X (0.1,0.1,0,0) Rev X =0. RevX =04 RevX =0
RevY =0 RevY =0 RevY =0
B2 Y (04,01,0,04) (0,05,01,04) (0,01,0,0.1) (0,05,0,0)
X (0.1,04,04,0) (0.1,0,0.1,0) (0.5,0,0.4,0.1) (0.5,0,0,0)
Y | B Y (0, 0, 0.4, 0.4) (0,0, 0.1, 0.4) (0,0, 0.4, 0.1) (0, 0, 0, 0)

Scenario 3: X Y
X chooses CH Policy B3 B3
Y chooses CR Policy X Y X Y
(9,0, 0.5, 0.5)
X (0,0,0,0) (0,0,0.5,0) (0,0,0,0.5) Rev X =0.5
RevY =0
X | B (©, 0.5, 0.1, 05)
Y (0.4,0.1,0,0) (0,0.1,0.1,0) (0.4,0.1,0,0.5) RevX=0
B2 RevY = 0.4
(0.5, 0, 0.5, 0.1)
X (0.1,0.4,0,0) (0.1,0.4,0.5,0) (0.1,0,0,0.1) RevX=0
Y | B1 RevY =0.4
Y (04,04,0,0) (0,04,0.1,0.4) (04,0,04,0.1) (0,0,0.1,0.1)

Scenario 4: X Y
X chooses CH Policy B3 B3
Y chooses CH Policy X Y X Y
(0,0, 0.5, 0) (0,0,0,0.5) (0,0,0,0)
X (0,0,0,0) Rev X =0.5 RevX=0.5 Rev X =0.5
X B1 RevY =0 RevY =0 RevY =0.5
(0,041, 0.1,0) (01,0,0,0.1) (0,0.5,0,0)
Y (0.4,0.1,0,0) RevX =04 RevX =04 RevX =0
B2 RevY =0.4 RevY =0.4 RevY =05
(0.1, 0,0.1,0) (01,0, 0,0.1) (0,5,0,0,0)
X (0.1,0.4,0,0) RevX =04 RevX =04 RevX=0
Y | B1 RevY = 0.4 RevY = 0.4 RevY =0.5
Y (0,0,0,0) (0,0,0.1,0.4) (0,0,04,0.1) (0,0,0,0)

CR Policy CH Policy
CR Policy (0,0) (0,0.5)
X CH Policy (0.5,0) (0.4, 0.4)
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Possibility 2: In scenario 1, bidders B1 and B2 join ad exchange X while bidders B3 and B4 join ad exchange Y; the corresponding revenues
of ad exchanges X and Y are 0 and 0, respectively. In scenario 2, bidders B1 and B2 join ad exchange X while bidders B3 and B4 join ad
exchange Y; the corresponding revenues of ad exchanges X and Y are 0 and 0.5, respectively. In scenario 3, bidders B1 join ad exchange X
while the other three bidders join ad exchange Y; the corresponding revenues of ad exchanges X and Y are 0 and 0.4, respectively. In scenario
4, bidders B1 join ad exchange X while the other three bidders join ad exchange Y; the corresponding revenues of ad exchanges X and Y are
0 and 0.5, respectively. The game between the two ad exchanges is described in Table C7. There are two equilibria for the ad exchanges
under this possibility: One is that both the ad exchanges choose the CH policy while the other is that ad exchange X chooses the CR policy
and ad exchange Y chooses the CH policy.

Table C7. Game Between the Ad Exchanges under Possibility 2 (The possible equilibria are highlighted in
red)

CR Policy CH Policy
X CR Policy (0,0) (0,0.5)
CH Policy (0,0.4) (0,0.5)

Possibility 3: In scenario 1, bidders B1 and B2 join ad exchange X while bidders B3 and B4 join ad exchange Y; the corresponding revenues
of ad exchanges X and Y are 0 and 0, respectively. In scenario 2, bidders B4 joins ad exchange Y while the other three bidders join ad
exchange X; the corresponding revenues of ad exchanges X and Y are 0.4 and 0, respectively. In scenario 3, bidders B1 join ad exchange X
while the other three bidders join ad exchange Y; the corresponding revenues of ad exchanges X and Y are 0 and 0.4, respectively. In scenario
4, bidders B1 join ad exchange X while the other three bidders join ad exchange Y; the corresponding revenues of ad exchanges X and Y are
0 and 0.5, respectively. The game between the two ad exchanges is described in Table C8. There are two equilibria of the ad exchanges
under this possibility: One is that both the ad exchanges choose the CR policy while the other is that ad exchange X chooses the CR policy
and ad exchange Y chooses the CH policy.

Table C8. Game Between the Ad Exchanges under Possibility 3 (The possible equilibria are highlighted in red)

CR Policy CH Policy
CR Policy (0,0) (0.4,0)
X CH Policy (0,0.4) (0,0.5)

As the above analysis shows, it is possible that either one of the ad exchanges or both of them choose to hide in equilibrium. This analysis
also gives us a glimpse of the complexity involved in studying a more-general setting with an arbitrary number of competing ad exchanges
and bidders, and continuous hide/reveal decisions.

Note: With a more-careful choice of the valuations in Table C1, it should be possible to ensure that each of the second-stage and first-stage

games in the analysis above have unique equilibria. Since our goal is only to demonstrate the possibility of ad exchanges choosing to hide
in equilibrium, the present analysis is sufficient for our purpose.
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