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Appendix A Proofs of Results

A.1 Proof of Equilibrium Under No Restriction Policy

The profit maximization problem of E and R can be written as

max
eEp, eEr

πE “ max
eEp, eEr

αE

ˆ

Np

eEp

eEp ` eRp

`Nr

eEr

eEr ` eRr

˙

´ peEp ` eErq, (13)

max
eRp, eRr

πR “ max
eRp, eRr

ˆ

αRpNp

eRp

eEp ` eRp

`αRrNr

eRr

eEr ` eRr

˙

´ peRp ` eRrq. (14)

First-order conditions are:

BπE

BeEp

“ αENp

eRp

peEp ` eRpq
2 ´ 1 “ 0, (15)

BπE

BeEr

“ αENr

eRr

peEr ` eRrq
2 ´ 1 “ 0, (16)

BπR

BeRp

“
αRpNpeEp

peEp ` eRpq
2 ´ 1 “ 0, (17)

BπR

BeRr

“
αRrNreEr

peEr ` eRrq
2 ´ 1 “ 0. (18)

From the following first-order conditions, we can obtain the equilibrium levels of ad expense by

substituting eRp “ ´eEp `
a

αRpNpeEp (from equation (17)) into (15) and eRr “ ´eEr `
?
αRrNreEr

(from (18)) into (16).

eNR

Ep
“

α2
E
αRpNp

pαE `αRpq
2 , e

NR

Er
“

α2
E
αRrNr

pαE `αRrq
2 ,

eNR

Rp
“

αEα
2
RpNp

pαE `αRpq
2 , e

NR

Rr
“

αEα
2
RrNr

pαE `αRrq
2 .

To make sure the solution is a global maximizer over the assumed parameter ranges, we check the

definiteness of the Hessians:

HE “

¨

˝

´
2αENpeRp

peEp`eRpq
3 0

0 ´
2αENreRr

peEr`eRrq3

˛

‚

HR “

¨

˝

´
2αRpNpeEp

peEp`eRpq
3 0

0 ´
2αRrNreEr

peEr`eRrq3

˛

‚

It is obvious that both Hessians are negative definite over the entire parameter ranges. Using the

equilibrium ad-budgets, we can obtain the profit of the platform under the no restriction policy:

πNR

P
“ eNR

Ep
` eNR

Er
` eNR

Rp
` eNR

Rr
,

“ αE

ˆ

αRpNp

αE `αRp

`
αRrNr

αE `αRr

˙

. (19)

■
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A.2 Proof of Equilibrium Under Equal Treatment Policy

With the fairness constraint
eEp

Np
“

eEr
Nr

, we have eEp “
Np

Nr
eEr. To simplify the notations, we define

n “
Np

Nr
and substitute the constraint into the advertisers’ profit maximization problem:

max
eEr

πE “max
eEr

αE

ˆ

Np

neEr

neEr ` eRp

`Nr

eEr

eEr ` eRr

˙

´ p
Np

Nr

eEr ` eErq,

max
eRp, eRr

πR “ max
eRp, eRr

ˆ

αRpNp

eRp

neEr ` eRp

`αRrNr

eRr

eEr ` eRr

˙

´ peRp ` eRrq.

The first-order conditions are:

BπE

BeEr

“ αE

«

Np

neRp

pneEr ` eRpq
2 `Nr

eRr

peEr ` eRrq
2

ff

´ pn` 1q “ 0 (20)

BπR

BeRp

“
αRpNpneEr

pneEr ` eRpq
2 ´ 1 “ 0 (21)

BπR

BeRr

“
αRrNreEr

peEr ` eRrq
2 ´ 1 “ 0 (22)

From the conditions (21) and (22), we obtain that eRp “ ´neEr `
a

αRpNpneEr

and eRr “ ´eEr `
?
αRrNreEr. After substituting these back into (15), it is straightfor-

ward to solve for the solutions, with the notation B1 “
?
αRpαRrNp `

?
αRrαRpNr and

B2 “ pαE `αRpqαRrNp `αRppαE `αRrqNr:

eET

Ep
“Np

ˆ

B1

B2

αE

˙2

, eET

Er
“ Nr

ˆ

B1

B2

αE

˙2

,

eET

Rp
“
B1

“?
αRpαRrpNp `Nrq `αE

`?
αRp ´

?
αRr

˘

Nr

‰

B2
2

αEαRpNp,

eET

Rr
“
B1

“?
αRrαRppNp `Nrq `αE

`?
αRr ´

?
αRp

˘

Np

‰

B2
2

αEαRrNr.

To make sure the solution is an optimal solution over the assumed parameter ranges, we check

the second-order conditions.

B2πE

Be2Er

“ ´2αE

«

Np

n2eRp

pneEr ` eRpq
3 `Nr

eRr

peEr ` eRpq
3

ff

ă 0

HR “

¨

˝

´
2αRpNpneEr

pneEr`eRpq
3 0

0 ´
2αRrNreEr

peEr`eRrq3

˛

‚

Using the equilibrium values of ad budgets, we can obtain the profit of the platform under the equal

treatment policy:

πET

P
“ eET

Ep
` eET

Er
` eET

Rp
` eET

Rr

“
αEαRpαRrpN 2

p `N 2
r q `αE

?
αRpαRrNpNrpαRp `αRrq

pαE `αRpqαRrNp `αRppαE `αRrqNr

. (23)

It is straightforward to see that the second-order conditions are satisfied for the optimal solution.
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We now proceed to show that under the no restriction (NR) and equal treatment (ET) policies,

protected users will see fewer economic opportunity ads than regular users. That is, fEp ă fEr, under

both NR and ET.

Showing that f NR

Ep ă f NR

Er :

Following the definition of ad share fij, we have:

f NR

Ep “
eNR

Ep

eNR

Ep ` eNR

Rp

“
αE

αE `αRp

,

f NR

Er “
eNR

Er

eNR

Er ` eNR

Rr

“
αE

αE `αRr

.

Comparison of ad expense levels on protected users between advertisers:

eNR

Rp
´ eNR

Ep

“
αEα

2
RpNp

pαE `αRpq
2 ´

α2
E
αRpNp

pαE `αRpq
2 ,

“
αEαRpNp

pαE `αRpq
2 pαRp ´αEq ą 0 when αRp ą αE.

Comparison of ad expense levels on regular users between advertisers:

eNR

Rr
´ eNR

Er

“
αEα

2
RrNr

pαE `αRrq
2 ´

α2
E
αRrNr

pαE `αRrq
2 ,

“
αEαRrNr

pαE `αRrq
2 pαRr ´αEq ă 0 when αRr ă αE.

Showing that f ET

Ep ă f ET

Er :

Follow the definition of ad share fij, we have:

f ET

Ep “
eET

Ep

eET

Ep ` eET

Rp

“
αEB1

?
αRpB2

,

f ET

Er “
eET

Er

eET

Er ` eET

Rr

“
αEB1

?
αRrB2

.

Compare two advertisers’ expenses on the protected users

eET

Ep
´ eET

Rp
“Np

ˆ

B1

B2

αE

˙2

´
B1

“?
αRpαRrpNp `Nrq `αE

`?
αRp ´

?
αRr

˘

Nr

‰

B2
2

αEαRpNp,

“
αENpB1

B2
2

`

αEB1 ´αRp

“?
αRpαRrpNp `Nrq `αE

`?
αRp ´

?
αRr

˘

Nr

‰˘

,

“
αENpB1

B2
2

“

αE

`?
αRpαRrNp ` 2

?
αRrαRpNr ´

?
αRpαRpNr

˘

´
?
αRpαRpαRrpNp `Nrq

‰

.

Therefore, we can see that eET

Ep
ă eET

Rp
when αE ă

αRpαRrpNp`Nrq

2
?
αRpαRrNr`αRrNp´αRpNr

. We denote this upper

threshold for αE as α̂ET´h

E
. Notably, we find that α̂ET´h

E
is larger than αRp with the following comparison:
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α̂ET´h

E
´αRp “

αRpαRrpNp `Nrq

2
?
αRpαRrNr `αRrNp ´αRpNr

´αRp,

“αRp

„

αRrpNp `Nrq ´ 2
?
αRpαRrNr ´αRrNp `αRpNr

2
?
αRpαRrNr `αRrNp ´αRpNr

ȷ

,

“αRp

«

`

αRp ´ 2
?
αRpαRr `αRr

˘

Nr

2
?
αRpαRrNr `αRrNp ´αRpNr

ff

ą 0.

Compare two advertisers’ expenses on the regular users:

eET

Er
´ eET

Rr
“Nr

ˆ

B1

B2

αE

˙2

´
B1

“?
αRrαRppNp `Nrq `αE

`?
αRr ´

?
αRp

˘

Np

‰

B2
2

αEαRrNr,

“
αENrB1

B2
2

`

αEB1 ´αRr

“?
αRrαRppNp `Nrq `αE

`?
αRr ´

?
αRp

˘

Np

‰˘

,

“
αENrB1

B2
2

“

αE

`?
αRrαRrNp ` 2

?
αRpαRrNp `αRp

?
αRrNr

˘

´αRpαRr

?
αRrpNp `Nrq

‰

.

Therefore, we can see that eET

Er
ą eET

Rr
when αE ă

αRpαRrpNp`Nrq

2
?
αRpαRrNp´αRrNp`αRpNr

. We denote this upper

threshold for αE as α̂ET´l

E
.

Compare ad E’s market share between user groups

With f ET

Ep ´ f ET

Er “
αEB1

?
αRpB2

´
αEB1

?
αRrB2

, we can easily see that f ET

Ep ă f ET

Er as long as αRr ă αRp. ■

A.3 Proof of Equilibrium Under Equal Exposure with Equal Treatment Policy

We now solve the problem under the equal exposure with equal treatment (EET) policy and derive

the optimal result. We know that under equal exposure with equal treatment, the platform announces

a budget increase of E by ∆e ě 0 for the protected user in order to close any exposure gap. Thus,

the number of impressions received by advertisers E and R, respectively, are as follows:

nE
p “ Np

eEp `∆e

eEp `∆e` eRp

, (24)

nR
p “ Np

eRp

eEp `∆e` eRp

, (25)

nE
r “ Nr

eEr

eEr ` eRr

, (26)

nR
r “ Nr

eRr

eEr ` eRr

. (27)

Under equal exposure with equal treatment policy, we need to solve the problems of advertisers E

and R under the following two constraints:

Equal Treatment Constraint:
eEp

Np

“
eEr

Nr

,

Equal Exposure Constraint:
nE
p

Np

“
nE
r

Nr

.
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Substituting the values of nE
p and nE

r from (24) and (26), the above constraints can be re-written as

follows:

Equal Treatment Constraint: eEp “
Np

Nr

eEr, (28)

Equal Exposure Constraint: ∆e “
eEreRp ´ eEpeRr

eRr

. (29)

The profit functions of E and R can be written as follows:

πR “ αRpn
R
p `αRrn

R
r ´ eRp ´ eRr, (30)

πE “ αEn
E
p `αEn

E
r ´ eEp ´ eEr. (31)

We solve for a rational expectations equilibrium. Thus, both E and R rationally internalize the

constraints in (28) and (29) in their optimization problem. Thus, the problem of E can be written

as

max
eEp,eEr

πE,

Subject to: (28) and (29).

Similarly, the problem of R can be written as

max
eRp,eRr

πR,

Subject to: (28) and (29).

We now proceed to solve the problems of E and R. Since the constraints in (28) and (29) are equal-

ity constraints, we can directly substitute these constraints in the objective function. Substituting

the values of ∆e and eEp from constraints (28) and (29) in πR, we get

πR “
eRr pNpαRp `NrαRr ´ eRp ´ eRrq ´ eEr peRp ` eRrq

eEr ` eRr

. (32)

Taking derivative of πR with respect to eRp, we get

BπR

BeRp

“ ´1.

Since BπR
BeRp

ă 0, the optimal value of eRp is the minimum possible value. In equation (29), we see that

∆e “
eEreRp´eEpeRr

eRr
is increasing in eRp. Since R wants to choose the minimum value of eRp, it will

choose eRp such that ∆e “ 0. Thus, solving ∆e “ 0 for eRp, we get

eRp “
eEpeRr

eEr

. (33)

From ET constraint in (28), we know that
eEp

eEr
“

Np

Nr
. Substituting this in the above equation, we get

eRp “
NpeRr

Nr

. (34)
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Substituting the optimal value of eRp from above in the expression of πR in (32) and taking

derivatives with respect to eRr, we get

BπR

BeRr

“ ´
´eErNr pNpαRp `NrαRrq ` 2eEreRr pNp `Nrq ` e2Er pNp `Nrq ` e2Rr pNp `Nrq

Nr peEr ` eRrq 2
, (35)

B2πR

Be2Rr
“ ´

2eEr pNpαRp `NrαRrq

peEr ` eRrq 3
(36)

Solving BπR
BeRr

“ 0 for eRr, we get

eRr “

a

eErNr pNp `Nrq pNpαRp `NrαRrq

Np `Nr

´ eEr. (37)

Since B
2πR

Be2
Rr

ă 0, the above solution is optimal.

We now proceed to solve the problem of E. Similar to the above, substituting ∆e and eEp from

constraints (28) and (29) in the expression of πE in (31) we get,

πE “ eEr pNp `Nrq

ˆ

αE

eEr ` eRr

´
1

Nr

˙

. (38)

Taking the derivative of πE with respect to eEr, we get

BπE

BeEr

“ pNp `Nrq

ˆ

αEeRr

peEr ` eRrq 2
´

1

Nr

˙

,

B2πE

Be2Er

“ ´
2αEeRr pNp `Nrq

peEr ` eRrq 3
.

We see that B
2πE

Be2
Er

ă 0. Thus, πE is concave in eEr, and the solution to the first-order condition will

be optimal. Solving BπE
BeEr

“ 0 for eEr, we get

eEr “
?
αE

?
eRr

a

Nr ´ eRr. (39)

Having obtained the optimal responses of both E and R, we now solve these decisions simultane-

ously to obtain the equilibrium decisions. Solving the above equation and (37) simultaneously for

eEr and eRr, we get

e˚
Er “

α2
E
Nr pNp `Nrq pNpαRp `NrαRrq

pNp pαE `αRpq `Nr pαE `αRrqq 2
, (40)

e˚
Rr “

αENr pNpαRp `NrαRrq 2

pNp pαE `αRpq `Nr pαE `αRrqq 2
. (41)

Substituting the value of e˚
Rr in (34), we get

e˚
Rp “

αENp pNpαRp `NrαRrq 2

pNp pαE `αRpq `Nr pαE `αRrqq 2
. (42)

Using eEp “
Np

Nr
eEr from (28), we get

e˚
Ep “

α2
E
Np pNp `Nrq pNpαRp `NrαRrq

pNp pαE `αRpq `Nr pαE `αRrqq 2
. (43)
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Having obtained the optimal decisions of advertisers, we can now write the platform’s profit.

πEET

P
“ e˚

Er ` e˚
Rr ` e˚

Rp ` e˚
Ep,

“
αE pNp `Nrq pNpαRp `NrαRrq

Np pαE `αRpq `Nr pαE `αRrq
. (44)

We now proceed to show that under the equal exposure with equal treatment policy, both adver-

tisers allocate their bidding expenses proportional to the population size of user groups. That is,

eEET

Ep

eEET

Er

“
eEET

Rp

eEET

Rr

“
Np

Nr

.

From the equilibrium ad-budgets under the equal exposure with equal treatment policy, we can

easily obtain that
eEET

Ep

eEET

Er

“
eEET

Rp

eEET

Rr

“
Np

Nr
. Next, we compare the ad budget between the two advertisers:

eEET

Rp
´ eEET

Ep

“
αEpNp `Nrq pαRpNp `αRrNrqNp

rpαE `αRpqNp ` pαE `αRrqNrs
2 rpαRpNp `αRrNrq ´αE pNp `Nrqs

eEET

Rr
´ eEET

Er

“
αEpNp `Nrq pαRpNp `αRrNrqNr

rpαE `αRpqNp ` pαE `αRrqNrs
2 rpαRpNp `αRrNrq ´αE pNp `Nrqs

We can see that these two comparisons share the main term. Therefore, to have eEET

Ep
ă eEET

Rp
and

eEET

Er
ă eEET

Rr
, we require αE satisfies:

αE ď ᾱR “
αRpNp `αRrNr

Np `Nr

.

■

A.4 Proof of Theorem 1

(i) EET vs. NR: We first compare the profits of the platform under the equal exposure with equal

treatment (EET) and the no restriction (NR) policies. Using the values of πEET

P and πNR

P from (44)

and (19), we obtain:

πEET

P
´πNR

P

“
αE pNp `Nrq pαRpNp `αRrNrq

rpαE `αRpqNp ` pαE `αRrqNrs
´αE

ˆ

αRpNp

αE `αRp

`
αRrNr

αE `αRr

˙

“αE

pNp `Nrq pαRpNp `αRrNrq pαE `αRpq pαE `αRrq

´ rαRpNp pαE `αRrq `αRrNr pαE `αRpqs rpαE `αRpqNp ` pαE `αRrqNrs

rpαE `αRpqNp ` pαE `αRrqNrs pαE `αRpq pαE `αRrq

“αE

“

αRpN
2
p ` pαRp `αRrqNpNr `αRrN

2
r

‰

pαE `αRpq pαE `αRrq ´αRpN
2
p pαE `αRpq pαE `αRrq

´αRpNpNr pαE `αRrq
2

´αRrNpNr pαE `αRpq
2

´αRrN
2
r pαE `αRpq pαE `αRrq

rpαE `αRpqNp ` pαE `αRrqNrs pαE `αRpq pαE `αRrq

“αE

NpNr

”

pαRp `αRrq pαE `αRpq pαE `αRrq ´αRr pαE `αRpq
2

´αRp pαE `αRrq
2
ı

rpαE `αRpqNp ` pαE `αRrqNrs pαE `αRpq pαE `αRrq
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“αE

NpNr pαRp ´αRrq
2
αE

rpαE `αRpqNp ` pαE `αRrqNrs pαE `αRpq pαE `αRrq
ě 0.

Thus, πEET

P ě πNR

P .

(ii) EET vs. ET: Now we compare the platform’s profits under the equal exposure with equal

treatment (EET) and the equal treatment (ET) policies. Using the values of πEET

P and πET

P from (44)

and (23), we obtain:

πEET

P
´πET

P
“

αE pNp `Nrq pαRpNp `αRrNrq

rpαE `αRpqNp ` pαE `αRrqNrs
´

αEαRpαRrpN 2
p `N 2

r q `αE

?
αRpαRrNpNrpαRp `αRrq

pαE `αRpqαRrNp `αRppαE `αRrqNr

The sign of the above equation is determined by the numerators; thus, we focus on:

pNp `Nrq pαRpNp `αRrNrq rpαE `αRpqαRrNp `αRppαE `αRrqNrs

´
“

αRpαRrpN 2
p `N 2

r q `
?
αRpαRrNpNrpαRp `αRrq

‰

rpαE `αRpqNp ` pαE `αRrqNrs

“αENpNrp
?
αRp ´

?
αRrq2

“

αE

`

αRp `αRr `
?
αRpαRr

˘

pNp `Nrq ´
?
αRpαRr pαRpNp `αRrNrq

‰

Therefore, when αE satisfies the following condition, equal exposure with equal treatment strategy

dominates equal treatment for the platform’s profit (πEET

P ě πET

P ):

αE ě α̂πP
E

“

?
αRpαRr pαRpNp `αRrNrq

`

αRp `αRr `
?
αRpαRr

˘

pNp `Nrq
.

Thus, πEET

P ě πET

P when αE ě α̂πP
E .

(iii) NR vs. ET: We now compare the profits of the platform under the no restriction (NR) and

the equal treatment (ET) policies. Using the values of πNR

P and πET

P from (19) and (23), we obtain:

πNR

P
´πET

P
“ αE

ˆ

αRpNp

αE `αRp

`
αRrNr

αE `αRr

˙

´
αEαRpαRrpN 2

p `N 2
r q `αE

?
αRpαRrNpNrpαRp `αRrq

pαE `αRpqαRrNp `αRppαE `αRrqNr

“
NpNrαEp

?
αRp ´

?
αRrq2pαE ´

?
αRpαRrq

“

αRpαRr `αEpαRp `
?
αRpαRr `αRrq

‰

pαE `αRpqpαE `αRrq rpαE `αRpqαRrNp `αRppαE `αRrqNrs

It is easy see that πNR

P ě πET

P , when αE ě
?
αRpαRr. ■

A.5 Proof of Proposition 1

We compare the ad-exposure gap between NR and ET. Let ∆fNR
“ |fEp ´ fEr|NR and

∆fET
“ |fEp ´ fEr|ET . Then, we can write

|fEp ´ fEr|NR ´ |fEp ´ fEr|ET “
αEpαRp ´αRrq

pαE `αRpqpαE `αRrq
´

p
?
αRp ´

?
αRrq

`?
αRrNp `

?
αRpNr

˘

pαE `αRpqαRrNp `αRppαE `αRrqNr

,

“
αEp

?
αRp ´

?
αRrq

`?
αRpαRr ´αE

˘

pαE `αRpqpαE `αRrq ppαE `αRpqαRrNp `αRppαE `αRrqNrq
.

Thus, |fEp ´ fEr|NR ă |fEp ´ fEr|ET when αE ě
?
αRpαRr. Therefore, the equal treatment (ET) policy

results in a lower level of fairness than the baseline no restriction (NR) policy. ■
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A.6 Proof of Proposition 2

To compare the total number of ads E exposure, we first compare the ads E’s share (fEp and fEr)

among three policies.

(i) EET vs. NR: We compare E’s market share between no restriction (NR) and equal exposure

with equal treatment (EET) policies in each user group. For the protected group, we check the sign

of f EET

Ep ´ f NR

Ep :

f EET

Ep ´ f NR

Ep

“
αE pNp `Nrq

pαE `αRpqNp ` pαE `αRrqNr

´
αE

αE `αRp

“ αE

pNp `Nrq pαE `αRpq ´ pαE `αRpqNp ´ pαE `αRrqNr

rpαE `αRpqNp ` pαE `αRrqNrs pαE `αRpq

“ αE

pαE `αRpqNr ´ pαE `αRrqNr

rpαE `αRpqNp ` pαE `αRrqNrs pαE `αRpq

“
αE pαRp ´αRrqNr

rpαE `αRpqNp ` pαE `αRrqNrs pαE `αRpq
ą 0;

Similarly, for the regular users, we check:

f EET

Er ´ f NR

Er

“
αE pNp `Nrq

pαE `αRpqNp ` pαE `αRrqNr

´
αE

αE `αRr

“ αE

pNp `Nrq pαE `αRrq ´ pαE `αRpqNp ´ pαE `αRrqNr

rpαE `αRpqNp ` pαE `αRrqNrs pαE `αRrq

“
αE pαRr ´αRpqNp

rpαE `αRpqNp ` pαE `αRrqNrs pαE `αRrq
ă 0.

Thus, we see that

f EET

Ep ą f NR

Ep , f EET

Er ą f NR

Er .

Next, we compare the overall consumer surplus in terms of the total number of users who saw ads

E:

Nppf EET

Ep ´ f NR

Ep q `Nrpf EET

Er ´ f NR

Er q

“
αE pαRp ´αRrqNpNr

rpαE `αRpqNp ` pαE `αRrqNrs pαE `αRpq
`

αE pαRr ´αRpqNpNr

rpαE `αRpqNp ` pαE `αRrqNrs pαE `αRrq

“
αE pαRp ´αRrqNpNr

rpαE `αRpqNp ` pαE `αRrqNrs

ˆ

1

αE `αRp

´
1

αE `αRr

˙

ă 0.

(ii) EET vs. ET: Following the same process as above, we compare E’s market share between

equal exposure with equal treatment (EET) and equal treatment (ET) policies. Among the protected

users, we calculate:
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f EET

Ep ´ f ET

Ep

“
αEpNp `Nrq

rpαE `αRpqNp ` pαE `αRrqNrs
´

αEB1
?
αRpB2

“
αE

`?
αRp ´

?
αRr

˘

Nr

“

pαE `αRrqpNp `Nrq
?
αRp ´

?
αRrNppαRp ´αRrq

‰

rpαE `αRpqNp ` pαE `αRrqNrsB2

.

In the above, we can see that f EET

Ep ą f ET

Ep , when αE ě
NppαRp´αRrq

?
αRr

pNp`Nrq
?
αRp

´αRr.

For the regular users, we check:

f EET

Er ´ f ET

Er

“
αEpNp `Nrq

rpαE `αRpqNp ` pαE `αRrqNrs
´

αEB1
?
αRrB2

“
´αE

`?
αRp ´

?
αRr

˘

Np

“

pαE `αRpqpNp `Nrq
?
αRr `

?
αRpNrpαRp ´αRrq

‰

rpαE `αRpqNp ` pαE `αRrqNrsB2

.

We observe that under the normal parameter condition of αRp ą αRr, we have f EET

Er ă f ET

Er .

Next, the overall consumer comparison Nppf EET

Ep ´ f ET

Ep q `Nrpf EET

Er ´ f ET

Er q is equivalent to:

“

pαE `αRrqpNp `Nrq
?
αRp ´

?
αRrNppαRp ´αRrq

‰

´
“

pαE `αRpqpNp `Nrq
?
αRr `

?
αRpNrpαRp ´αRrq

‰

“
`

αE ´
?
αRpαRr

˘

pNp `Nrq
`?

αRp ´
?
αRr

˘

´
`?

αRrNp `
?
αRpNr

˘

pαRp ´αRrq

Thus, the equal exposure with equal treatment policy leads to lower overall exposure to ads E when

αE ă α̂CS

E “ 2
?
αRpαRr `

αRrNp`αRpNr

Np`Nr
.

(iii) NR vs. ET: Following the same process as above, we compare E’s market share between the

no restriction (NR) and equal treatment (ET) policies. Among the protected users, we calculate:

f NR

Ep ´ f ET

Ep

“
αE

αE `αRp

´
αEB1

?
αRpB2

“
pαE `αRpqαRrNp `αRppαE `αRrqNr ´

`

αRrNp `
?
αRpαRrNr

˘

pαE `αRpq

pαE `αRpqB2

αE

“
αENrpαE ´

?
αRpαRrqpαRp ´

?
αRpαRrq

pαE `αRpqB2

.

For the regular users, we check:

f NR

Er ´ f ET

Er

“
αE

αE `αRr

´
αEB1

?
αRrB2

“
pαE `αRpqαRrNp `αRppαE `αRrqNr ´

`

αRpNr `
?
αRpαRrNp

˘

pαE `αRrq

pαE `αRrqB2

αE

“
αENpp

?
αRpαRr ´αEqp

?
αRpαRr ´αRrq

pαE `αRrqB2

.
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We can observe that f NR

Ep ą f ET

Ep and f NR

Er ă f ET

Er when αE ą
?
αRpαRr.

Next, the overall consumer comparison Nppf NR

Ep ´ f ET

Ep q `Nrpf NR

Er ´ f ET

Er q is equivalent to:

pαE ´
?
αRpαRrq

“

pαRp ´
?
αRpαRrqpαE `αRrq ´ p

?
αRpαRr ´αRrqpαE `αRpq

‰

“ pαE ´
?
αRpαRrq2p

?
αRp ´

?
αRrq2 ą 0.

■
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