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Electronic Companion to Platform Disintermediation: Information
Effects and Pricing Remedies

The electronic companion is organized as follows: Section EC.1 presents preliminary results
that are used throughout the main proofs. Sections EC.2, EC.3, EC.4, and EC.5 contain the proofs
for Sections 3, 4, 5.1 and 5.2 respectively. In Section EC.6, we study an extension of our main
model where buyers and sellers may engage in multiple transactions; the proofs from this section

are present in Section EC.6.4.

EC.1. Preliminary Results

Section EC.1.1 characterizes relevant probabilities, offline prices, and possible cases for a seller’s
profit and optimal price; Section EC.1.2 characterizes the sellers’ profit functions and optimal
prices; and Section EC.1.3 provides conditions under which disintermediation occurs and defines

the platform’s revenue.

EC.1.1. Key Definitions

The main result in this section is Lemma EC.3, which describes possible cases for a seller’s
profit and optimal price, and is referred to extensively throughout the remainder of the electronic

companion.

Lemma EC.1 (Signal probabilities and sellers’ beliefs). The following statements hold for o €
{r,s}.
(i) The share of all buyers assigned the signal o is 1., where n, := (1 —a)dl+a(1 — 1) and

ns :=ad+ (1 —a)(1 = Q). Further, n, and ny strictly decrease and strictly increase in a on
a € [%, 1], respectively.

(ii) A seller’s posterior belief that a buyer with signal o is type-s is w,, where w, := “:7—?” and
W = f]—f Further, w, and wy strictly decrease and increase in a on a € [%, 1], respectively.

Proof. For statement (i) ,note A =Pr(j =) and @ =Pr(j = s|oc- =) =Pr(j =r|o =r) by definition.

The expressions for 7, and 77, then follow by the total probability rule. Further, note aa—an, =1-21<0

and %ns =24 -1 > 0. For statement (ii), by Bayes’ rule we have

3 . N (I—a)d o
wy=Pr(j=sloc=r)= T e =(l-a)d/n,, (EC.1)
ws=Pr(j=sloc=s)= ad =ad/n;. (EC.2)

al+(l1-a)(1-2)
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Further, note

ow, 1-2)4
“r __ -4 <0, (EC.3)
da (a(1-=2)+(1-a)l)?
0 1-2)A4
2 = Catl) >0, (EC.4)
da  ((1-a)(1-2)+a)?
where the strict inequalities follow because A € [%, 1]. O
Lemma EC.2 (Offline price for fixed commission rate y and online price p). Consider the

transaction between a seller with online price p and a buyer with signal o at a fixed commission

rate y > 0. The price in the offline channel is then given by

bo(p) =5

(p—(l Yros) ¢ (EC.5)

Wo Wo
Proof. Under an offline price of b, the buyer and seller’s expected surpluses from transacting
offline are p — b and wysb — (1 — y)p — ¢, respectively. The Nash bargaining function is thus
N(b):=(p—->b)(wsb— (1 —-v)p— ¢), which can be verified to be strictly concave in b. Solving
%N (b) =0 yields the expression (EC.5). O

LEmmA EC.3 (Sellers’ profit and price cases). Fix the commission rate y and consider a unit mass
of sellers with quality q and online price p < q. Let I1(p) be the sellers’ expected profit (over buyer
signals), let p be the maximizer of I1(p), and let T1 be the sellers’ expected profit under price p.

(a) If the sellers transact online with both o =r and o = s buyers,

M(p) =7“(p) := (1 =y)p — (1= A)c) (1—2), (EC.6)
p=p":= % (q+ (11__/26) : (EC.7)
M= (p) =1 (5~ 372 f);)) (BC)

(b) If the sellers reject o =r and transact online with o = s,

[(p) =7 (p) =1, ((1=y)p = (1 —w,)c) (1 — g) , (EC.9)

p=pbi= % (q+(ll_—w5)c), (EC.10)
-Y

f=r(p?) =n,(1- y)q(; ;;(l‘ii;) (EC.11)
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(c) If the sellers transact online with o = r and offline with o = s,

I(p)=n(p) := (nr(l —Y)p +ns(wsbs(p) —¢) — (1 —/1)6) (1 - g) : (EC.12)
p=pr" ::%(q+2(1_2f+'“¢), (EC.13)
T — C(C)\ — 1_2C(1_/l)+ns¢ 2
M=np )-q{(2 147 ) . (EC.14)
Whereé/:nr(l_'}/)"'%ns(l_7+wx)-
(d) If the sellers reject o =r and transact offline with o = s,
N(p) =n(p) :=ns (1 - g) (wsbs(p) —¢—(1 —ws)C), (EC.15)
sopd .o L[, U -w)+é
pP=pr -—2(61"‘ I—y+w, ), (EC.16)
= dgody_ 59 1 2c(1-wy) +¢)’
H=r"(p%) =501 7+ws)(2 —2q(1_y+ws)) : (EC.17)
(e) If the sellers accept o =r and o = s offline,
H(p) :ﬂ'e(p) = (nswsbs(p) +77rwrbr(p) —¢- (1 —/7.)6) (1 - S) > (EC.18)
1 2c¢(1-2
p=p° ::§(q+l_;in w):jw ) (EC.19)
e e (1 2e(1-D)+4)
[MI=n(p°) = > (E_T) , (EC.20)

where (' =1 — vy + w1, + wgn;.

Proof. For each case x € {a,b,c,d, e}, the profit expression 7°(p) follows from the definitions
of s, ws, and w, given in Lemma EC.1. The profit maximizing price p* follow by substituting
the expression for the offline price b, (p) (Lemma EC.2) into 7*(p), noting that 7*(p) is then
strictly concave in p, and solving the first order condition %nx (p) = 0; the algebraic details are

straightforward and omitted. m|

EC.1.2. Sellers’ Profit Functions and Optimal Prices

LemmA EC.4 (Disintermediation under fixed online price p). Consider a transaction between a
seller with online price p and a buyer with signal o. Both the buyer and seller prefer to transact
offline if and only if y > 9, (p), where

So(p)i=1-wy+ 2.
p
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Further, suppose vy > 1 — wy. Then y > y,(p) holds if and only if p > p, where

poi=—
7 7’_(1_0)0').

Proof. Under the offline price b, (p) given in (EC.5), the seller has positive surplus from disinter-
mediating if and only if ws,b,(p) — (1 —7y)p — ¢ > 0, or equivalently, %(—p(l -y —wg)—¢) > 0.
Re-arranging for vy, the seller’s surplus is strictly positive at b, (p) if and only if y > 1 — ws + % =
Yo (p). Similarly, the buyer’s surplus is strictly positive if and only if p — b, (p) > 0, or equivalently,
ﬁ (=p(1 =y —wg) — @) > 0. Re-arranging for y, the buyer’s surplus is also positive if and only
if y > 9,(p). Lastly, in the case where y > 1 — w,, the definition of p, follows by re-arranging the
inequality v > v, (p). O
LemmA EC.5 (Sellers’ transaction decisions). Let Assumption 1 hold. Then the following state-
ments hold for all y € [0,y™] and a € [%, 1].
(i) At their optimal price, type-L sellers reject o =r buyers.

(ii) At their optimal price, type-H sellers transact with both o =r and o = s buyers.

Proof. This proof uses the profit and price expressions from Lemma EC.3. (i). We show that the
type-L seller’s profit if they accept the o = r buyer is non-positive in both transaction channels
for all p > 0 and y > 0. Note the type-L seller’s demand is (1 — q%)ﬂ which implies their profit
is zero for all p > g1. For p < g1, the seller’s expected payment from a o = r buyer is at most
p in either channel. It follows that the seller’s profit from transacting with the o = r buyer is at
most p — (1 —w,)c. Next,note p — (1 —w,)c < g — (1 —w,;)c < (1 =) c - (1 —w,)c <0, where
the third and fourth inequalities follow from Assumption 1 and because A > w, for all @ € [%, 1],
respectively.

(i7). It is straightforward to verify that w; > w, (Lemma EC.1), which implies a seller accepts the
o =r buyer only if they also accept the o = s buyer. Therefore, to show statement (i), it suffices to
show the type-H seller accepts the o = r buyer for all y € [0,y""] and @ € [%, 1]. Note there are two
cases to consider depending on whether the o = s buyer transacts online or offline; thus, following
Lemma EC.3, it suffices to show 7%(p%) > 7% (p?) > 0 and 7¢(p¢) > 7¢(p?) > 0 both hold. We
show 7%(p?) > 7% (p?) > 0 first. It is straightforward to verify that 7 (p”) > 0 using the fact that
7 (p?) strictly decreases in gy and gy > 4c. Because p? is the maximizer of 7¢(p), it suffices to

show 7¢(p?) — 7% (p?) > 0. Note

b
74 (ph) = 7P (p?) = (1 - g—H) (ac(1=2)+(1=y)p’ (A= a(21-1)))
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and that 7°(p?) > 0 implies p® < gy. It remains to show p? > (1_7;&(_%, or equivalently,
1 c(1—wy) ca(l-2)
= + > . EC.21
2(% =y )‘(1—y>u—a<u—1)> (EE2D

Note the left hand side of (EC.21) decreases in @ because w; and w; both increase in @ (Lemma
EC.1), and the right hand side of (EC.21) increases in a. Plugging in a = 1, it follows that (EC.21)
holds if qTH > ﬁ holds. The preceding inequality holds because gy > 4c by Assumption 1 and
vy < % We now show 7¢(p€) > n¢(p?) > 0 using a similar argument. It is straightforward to verify
that 7¢(p?) > 0 using the fact that 79(p?) strictly decreases in ¢y and gy > 4c. Because p€ is the
maximizer of 7¢(p), it suffices to show 7¢(p?) — 7¢(p¥) > 0. Note

(ph) —n(p?) = (1 - 5—2) (@c(1=2)+(1=y)p*(@21-1) - D),

ca(l1-2)

d(d o liee nd - d d;
and that 7¢(p“) > Oimplies p? < gg. Itremains to show p¢ > T a2 Because p“ increases

in ¢, letting ¢ = 0 yields the lower bound p? > % (q 0+ 21c _(;Z: )) . Therefore, it remains to show
1 1 - wy 1-24
e cdzod) ca(l-4) . (EC.22)
2 1 —y+ws (I-y)(1—a(21-1))

Note the left hand side of (EC.22) decreases in a because w; and w; both increase in @ (Lemma
EC.1), and the right hand side of (EC.22) increases in «. The result follows by plugging in @ =1

and noting gy > 4c and y < % O

LEmmMA EC.6 (Sellers’ profit functions). For i € {L, H}, the profit function for the type-i seller is
given by I (p), defined as follows.

(i) If y < 1 = wy, then TIX(p) := 7P (p) and T (p) := n%(p) for all p > 0.

(ii) If y > 1 — wy, then

b . A
T (p) = n’(p), i p<ps EC23)

7(p), ifPs<p.
and
”a(p)a lfpsﬁé’
0% (p):=17¢(p), if ps<p<pr (BC.24)

n°(p), i pr<p.
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Proof. Note Lemma EC.3 defines a seller’s profit based on the platform signal o and the transaction
channel, Lemma EC.4 provides conditions under which the transaction occurs offline, and Lemma
EC.5 defines which signals o € {r, s} are accepted by the type-L and type-H sellers. Combining
Lemmas EC.3, EC.4, and EC.5 yields the profit expressions ITX(p) and IT (p). O

Lemma EC.7 (No disintermediation with o = r buyers). Let Assumption 2 hold. Then neither

seller type transacts offline with the o =r buyer for all y < y™.

Proof. Note by Lemma EC.5, the type-L seller never transacts with the o = r buyer, so it remains
to prove the result for the type-H seller. First, if for some online price p the type-H seller transacts
offline with the o =r buyer, then by Lemma EC.4 we must have p > p,, and by Lemma EC.6 the
seller’s profit is given by 7¢(p). Further, because 7¢(p) is maximized at p¢, it follows that p¢ < p,
is a sufficient condition for the transaction with the o =r buyer to be online. By definition of p,,

the condition p¢ < p, can be written equivalently as y <y, where ¥ is defined as the solution to
Zr Zr

¢

y=1l-w+——.
TPy

It remains to show Zf > y™ holds for all a € [%, 1]. Note that for any ¢, we have the following

lower bound on yf’ :

Zflzl_wr-i-pe((l;H) >1-ow,. (EC.25)

Next, note
(I-a)a
W, = .
a(l-)+(1-a)d

(EC.26)

It is straightforward to show that the right hand side of (EC.26) strictly decreases in @. Plugging
= % into the right hand side of (EC.26) and combining with (EC.25) then yields zf >1-A4for

all @ € [1, 1]. It follows that limﬂ_%zf >1>ymforallae(d,1]. O

LEmMmA EC.8 (Sellers’ optimal prices). Suppose for some fixed y € (0,y™], neither seller type
transacts offline with the o =r buyer at their optimal price. Then the following statements hold.
(i) The type-H seller’s optimal price satisfies p* € {p®, p°}, where p* = p® if and only if the
type-H seller transacts online with the o = s buyer.
(ii) The type-L seller’s optimal price satisfies p* € {p?, p¢}, where p* = p® if and only if the

type-L seller transacts online with the o = s buyer.
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Proof. We focus on proving statement (i); the proof of (ii) follows by a similar argument and is
briefly addressed afterward.

(7). We proceed in two steps. First, we show p* € {p“, p¢}. Second, we show p* = p“ if and only if
the type-H seller transacts online with the o = s buyer.

Step 1. Note the type-H seller’s profit function IT" (p) is given in Lemma EC.6. It is straightforward
to verify that 7% (p), n¢(p), and 7¢ (p) are each strictly concave. Therefore, IT17 (p) has five possible
local maxima that are candidates for the optimal price p*: p“, p¢, and p¢, and the breakpoints p
and p,. Note p* # p°¢ because no seller transacts offline with the o = r buyer by Lemma EC.7.
Thus, we p* € {p?, p°} by showing p* ¢ {p,, ps}. Consider p; first. Note that if y < 1 — wy, then
Ps <0, and the result holds trivially. Next, suppose v > 1 — w; and assume by way of contradiction

that p* = p;. Then we must have
oIl
lim — > lim —, (EC.27)

i.e., ps must be a local maximum of IT7 (p). Note that the piecewise profit function IT1” (p) switches

from 7(p) to n¢(p) at p,. The inequality (EC.27) is therefore equivalent to

on on‘
N (EC.28)
p P=Ds p P=Ds
Using the profit expressions from Lemma EC.3, it is straightforward to show
on¢ On¢ s(¢p— — (1 —ws
( aﬂ ~ 07T ) _ns(¢ qH(27 (1-wy))) (EC.29)
p p [7:[35 ‘IH
Because y > 1 — wy, the expression in (EC.29) is non-negative if and only if
qH = S — . (EC.30)
Y- (1 - (1)5)

Note that the right hand side (EC.30) is precisely p; (Lemma EC.4). Therefore, p* = p, implies
Ps > qu. However, the type-H seller generates zero demand for all prices p > gy, which contradicts

p* = ps. We conclude p* # ps. By a parallel argument, p* = p, implies y > 1 — w, and

on¢ B on¢
dp dp

_U=n)(@=guly=(-w)))

> , (EC.31)
P=DPs 4H

which implies
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We again obtain a contradiction to p* = p, because the seller generates zero demand for all p > gy.
Therefore, p* € {p?, p€}.

Step 2. We now show p* = p“ if and only if the seller transacts online with the o~ = s buyer. Consider
two cases: y < 1 —wyg and y > 1 — w;. Note if y < 1 — w,, by Lemma EC.4 the transaction is never
offline because y < ¥,(p) for all p > 0. In this case, the profit function is simply I17 (p) = n%(p),
and the result follows. Now suppose y > 1 — w,, which implies ps > 0. From Step 1, we know pj
cannot be a local maximum, and thus by concavity of 7¢(p) and 7¢(p), p¢ < p, < p cannot hold.
It follows that if v > 1 — wy, one of three cases must hold: p; < min{p?, p°}, ps = max{p%, p°},
or p% < ps < p. In the first case, p; < p® implies I1"(p) has a single local maximum at p¢,
which implies p* = p¢ > p;. Because the transaction is online at p if p < p; (Lemma EC.4), we
conclude p; < p“ implies both p* = p¢ and that the transaction is offline. In the second case, p¢ < p;
implies IT7 (p) has a single local maximum at p¢, which implies p* = p® < jp,;, which implies the
transaction is online. Lastly, if p% < py < p€, I (p) has two local maxima at p® and p°. In this
case, either p* = p* < p; or p* = p > p,; must hold. Thus, in all three cases, p* = p“ if and only if
the transaction is online.

(ii). By Lemma EC.6, if y < 1 — w, the type-L seller’s profit function is simply IT1*(p) = n”(p) for
all p > 0. If y > 1 — wy, the g seller’s profit function is then

7’ (p), if p<ps,
1t (p) = ' (EC.32)

x'(p), if ps<p.
The result follows by parallel argument to the proof of statement (i), with IT-(p), p® and p¢ in
place of IT” (p), p® and p°, respectively. O

EC.1.3. Commission Thresholds for Disintermediation and Platform Revenue

The main results in this section are Lemma EC.10, which defines thresholds on the commission rate
v that trigger disintermediation, and Lemma EC.11, which defines the platform’s revenue function.
Lemmas EC.12 and EC.13 provide useful properties of the platform revenue function that are used

in later proofs.

Lemma EC.9 (Sufficient and necessary conditions for disintermediation). Suppose a type-i
seller transacts with a o = s buyer, where i € {L, H}.
(i) For the type-H seller, y < y(p?) andy < y,(p°) are necessary and sufficient for the transac-

tion to occur online, respectively.
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(ii) For the type-L seller, y < 95(p®) and y < 95(p?) are necessary and sufficient for the transac-

tion to occur online, respectively.

Proof. The results largely follow from Lemma EC.4, which provides the definitions of y,(p) and p.
We briefly address statement (7); the proof of (i7) follows by parallel argument and is omitted. First,
suppose the transaction is online, and consider two cases: Yy < 1 —wsand y > 1 —w;. If y < 1 —wy,
then y < 9,(p®) must hold by definition of ;. Now suppose y > 1 — w,. Because the transaction is
online, by Lemma EC.8 we have p* = p? < p,. By Lemma EC .4, p¢ < p; implies y < y,(p?), as
desired. Now suppose y < 75(p¢), and consider two cases: y < 1 —wsandy > 1 —w,. I[f y < 1 —wy,
then y < 9(p) for all p > 0, which implies the transaction is online by Lemma EC.4. If y > 1 — wy,
then y < ¥5(p€) implies p© < p; by Lemma EC.4. Because p¢ is the maximizer of 7¢(p) and 7¢(p)
is strictly concave, p¢ < p, implies the seller’s profit function IT(p) strictly decreases in p on
[Ps, Prl. Further, p* < p, by Lemma EC.7, which implies p* < p;. It follows from Lemma EC.4

that the transaction occurs online. O

LEmmA EC.10 (Commission thresholds for disintermediation). Let yf , ¥H, yf, and yE be the

solutions to (EC.33a), (EC.33b), (EC.33c), and (EC.33d) respectively:

y=l-wt s (EC.33a)
y=1 —ws+%, (EC.33b)
y=1-w,+ FIE) (EC.33c)
y=1 ot (EC.33d)

Suppose both type-L and type-H sellers accept the o = s buyer for some y € (0,y™]. Then for each
i € {L,H}, there exists a unique threshold y', € [Zi , L] such that the type-i seller transacts offline
with the o = s buyer under their optimal price if and only if y > y'. Further, y <y holds for all
¢ >0, and*yizziz)_/f;: 1—wgforie{L,H}if ¢ =0.

Proof. The proof proceeds in four steps. First, we show the type-H seller’s transaction is online if
y < y? and offline if y > ¥, which also establishes that yf’ < ¥H. Second, we show the existence
of the threshold y# € [yf ,7H]. Third, we show the analogous result for the type-L seller. Fourth,

we show the final sentence of the lemma statement.
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Step 1. By definition of Z‘Sq , we have

¢
Yi=1l-ws+——.
= Tpeyt
By inspecting the expression for p¢(y) (Lemma EC.3), it is straightforward to verify that p“(y)

strictly increases in y. Therefore, y < yf’ implies

¢
pe(y)

By Lemma EC.9, the inequality above is a sufficient condition for the transaction to be online.

y<1l-ws+

Similarly, if y > 7, then by definition of ¥ and because p“(y) increases in y, we must have

¢
pe(y)

By Lemma EC.9, the inequality above is a sufficient condition for the transaction to be offline. This

y>1—-ws+

completes the first step.

Step 2. We now show the existence of the threshold y € [ZISL’ ,7H]. To avoid the trivial case where
transactions occur online for all y € [0,y™], we assume ¥ < y™. Note that the first step of the proof
and the definition of the seller’s profit function IT7 (p) (Lemma EC.6) implies 7¢(p%) < n¢(p€)
for y > 8 and 7%(p®) > n°(p°) for y < yH. Therefore, because 7¢(p®) and 7¢(p°) are both
continuous in vy, to prove statement (i) it suffices to show 7% (p?) — n¢(p©) strictly decreases in y

on [Zf ,7H]. Differentiating the seller profit functions, for any y on [Zf , 711 we have

i(7r“(1zf‘>—7r6(1zf>>=(‘9” 4 +‘9”) —(‘9" 4P +‘9”) (EC.34)
dy op dy Oy p=pa op dy 0y p=pe
a C
= 36” _ 36” (EC.35)
Y p=pa Y lp=pc
:_p“(l—p—)+(1—ﬁ)p6(1—p—) (EC.36)
qH 2 qH
s\ e a\[{_ P
S((l 2)p p )(1 qH). (EC.37)

In the relations above, the second line follows from the envelope theorem, the third from evaluating
the derivative algebraically, and the fourth because p© > p? when y € [Zf ,¥H1, which follows from
the definitions ofz‘;’ and ¥/ Because (1 - 5—;) >(0andn; € (0, 1), to show %(ﬂa (p%) = (p©)) <

0 it suffices to show that 2p* — p© > 0. Note we must have p® < gy because the type-H seller

earns zero profit for all prices above gpy. Therefore, it remains to show 2p“ > gp. This follows
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immediately from inspecting the expression for p“ (Lemma EC.3), which shows p? > gpg/2.
Therefore, n%(p®) — n¢(p°) strictly decreases on y € [Zf ,7H], as desired. Lastly, the result that
yH = Zf =y =1 - w; when ¢ =0 follows from the definition of Z? and yH.

Step 3. The proof follows similarly to the result for the type-H seller. Using the definitions of Zf
and L and the fact that p” and p? are both strictly increasing in v, it is straightforward to show the
transaction is online if y < ZSL and offline if y > L. It remains to show 7% (p?) — n¢(p?) strictly

decreases in y on [y, ¥L]. Differentiating in y, we have
—S

d ont dpb on® on? dp? on?
—(ﬂb(p”)—frd(pd)):( L ) —( - ) (EC.38)
dy op dy Jvy p=pb op dy 0y p=p
b d
_on” _on® (EC.39)
dy p=pt dy p=p?
b d
=-nsp” (1 —p—) +ﬂpd(1 —p—) (EC.40)
qL 2 qr
d
< (—T]spb+ ﬁpd) (1 - p—), (EC.41)
2 qrL

where the final inequality follows because p? > p? when vy € [ysL,)‘/SL], which follows from the
definitions of ZSL and L. It remains to show —1,p? + % p? >0, or equivalently, 2p” > p?. Note we
must have p¢ < q; because the type-L seller has zero demand for all prices above ¢, and further
2p” > q1 by inspection of the expression for p?. It follows that 2p® > ¢; > p?, as desired.

Step 4. We now show yZ < yL for all ¢ > 0. By Lemma EC.10, we have y? < 7 and yf <L
Therefore, it suffices to show ¥ < ySL . Using the expressions in Lemma EC.10, ¥ < ySL holds if

: a(oH d(~L
and only if p*(¥! )|q:qH >p (zs )|q:qL. Next, note

P T gogn = 5 (EC42)

veon 2 202 2(1- e 2 2.2 p(yh)]

q=qL"
The first inequality follows by inspecting the expression for p¢ (Lemma EC.3), the second from
Assumption 1, the third because A > 0, and the fourth inequality follows from Assumption 1. To see
that the final inequality holds, note the type-L seller has zero demand for all prices above g, which
implies p?(y) < g for all y > 0. It follows that Y < yL. Lastly, the result that y/ = va =yl =1-w;
fori € {L, H} when ¢ =0 follows by definition of le and y.. O

Lemma EC.11 (Platform’s revenue function). Ler p®, p’, and p¢ be as defined in Lemma EC.3,

and define

r“(y) =yp“ (1 - ﬁ) , (EC.43)
qH



ecl2 e-companion to Sekar and Siddiq: Platform Disintermediation

b
rP(y) = ynep® (1 - P—) , (EC.44)
qL
i e e (1 P
r'(y) =vynp (1 - —) : (EC.45)
qH
Then the platform’s commission revenue is given by R(y), where

pr(y)+ (=@’ ify e [0,%]1,
RyY) =y pr () +(L=wrt(n*  ify e (v vk, (EC.46)
ur(y) ify e (yEy™,
and x* =max{0,x}.

Proof. To see that the piecewise function R(7y) is the platform’s commission revenue, note y and
1 — u are the shares of type-H and type-L sellers, respectively. By Lemma EC.5, the type-H seller
accepts both o = s and o = r buyers and the type-L seller rejects the o = r buyer. Then combining
Lemmas EC.3 and EC.10, the type-H sellers’ contribution to platform revenue is ur®(y)* if y <y
and ur¢(y)* if y > yH; similarly, the type-L sellers’ contribution is (1 — u)r?(y)* if y <yL and 0
if y > yL. Further, it is straightforward to verify algebraically that r%(y) > 0 and r(y) > 0 for all

a€ [%, 1] and y > 0; the superscript (-)* is suppressed accordingly. The function R(7y) follows. O

Lemma EC.12 (Revenue function properties). Letr?(y), r’(y), and r¢(y) be as defined in Lemma
EC.11. The following statements hold for all y € |0, %] and a € [%, 1].

(i) r®(y) is strictly concave and increasing in 'y, and is independent of a and ¢.

(ii) rP(y) is strictly concave in vy, increases in @ wherever r’(y) > 0, and is independent of ¢.

(iii) r(y) is strictly concave in 7y for all ¢ and is strictly increasing in 7y for ¢ = 0.

Proof. (i). Using the expressions for r*(y) and p¢,
a c2(1-2)?
r“(7)=7p“(1—p—)=z(qy——( )2). (EC.47)
qH qgu(l-y)

Differentiating in y, we have

ar“_l( _cz(l—/l)z)_z(2c2(l—/l)2)
oy~ A\ gu =) " 4 \qu =97 )

(EC.48)

By inspection, the first term on the right hand side of (EC.48) strictly decreases in y and the

second term strictly increases in y. Therefore, %r“ strictly decreases in vy, which implies r“(7y)
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is strictly concave in vy. Further, using the fact that gy > 4c¢ (Assumption 1) it can be shown that

lim_, 1 %r“ > (. It follows that r“(y) strictly increases in 7y for y € [0, %].

(ii). Using the expressions for p® and r”(y) (Lemmas EC.3 and EC.11), we have

b 2 2
by b POy _nsY (Tl -wy)
r’(y)=nsyp (1—q—L)— 2 (qL —qL(l—y)Z)' (EC.49)

Note for any y € [0,y™], using the expressions for 15 and w; (Lemma EC.1) we have

ar’ _art ans  ar’ dw,

da " 9, 9o dw, oa (EC.50)
2 2 5
_Y(,, _cU-w)?) an  (27(1 - wy) | Do,
_4( QL(I—y)Z) da +(QL(1—)/)2) da (EC.51)
b 2

_r (= _ 2¢* (1 —wy) ) (1-D)A

_4(m)m 1)+(qL(1_y)z) 2 (EC.52)
70 (EC.53)

where the strict inequality follows from A € [%, 1]. Thus r? () strictly increases in « if *(y) > 0.
Next, differentiating 7”(y) in y yields

8_#’_&( _cz(l—ws)z)_nsy(2c2(1—ws)2)_&( _(1+ 2y)c2(1—ws)2)
oy 4\ =y 4 Tqu( =92 " 1—y) q.(i=y2 )

4

g(y)

(EC.54)
where for convenience g(y) is defined as shown in (EC.54). Note by inspection that g(7y) strictly
increases in y, which implies %rb strictly decreases in y. Hence () is strictly concave in 7.
(7ii). Using the expressions for r¢(y) and p€, for g = gy we have

o (y) = c(l_p_C)_ 1_(2(1—A)c+ns¢)2
Y)=1n:YP an =NrY4H 4 4QH€ 5

where £ =n,(1-vy)+ %ns(l — 7 +wy). Differentiating in y and using the fact that %( =-1n,— %ns =

%ns — 1, we have

ore¢
dy

| ((1—/l)c+ 059 )2)_277r‘IH ((1‘1)%’7“”)2(1—&) (EC.55)

=NrqH |7 —
" H( 2qul  4qnl g 2qn 4qn 2

4
~ Low (1 2y s
_”’QH(Z_E(EJ’F(l_?)))’ (EC.56)
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where h = é—ll(Zc(l —A) +n5¢). Next, note (EC.56) strictly decreases in y because a‘a—y{ = %Us -1<0

and

i(l)_ 82+4y —n,(1+2y~wy)) _ o (EC.57)

oy \&) 2 -y)=ns(1 -y -wy))*
where the strict inequality follows because y € [0, %], ns € [0,1] and wy € [0, 1]. It follows that

r¢(7y) is strictly concave. Finally, consider the case when ¢ =0:

(-1 2y Ns
_T(FJrF(]__))), (EC.58)

or®  nrqu

8)/_ 4

Since y < l ,wehave (> 1 -y > % Also note wg > wy > 2 Utilizing this bound on ¢ along with

qe >4c, 1> 2, and n > 2, we can write
are _ny 21-22( 1 L2 1
oy mau (1= G (1)} so (EC.59)
Iy 4 o\ p A

We conclude that r“(7y) strictly increases in [0,y™] when ¢ =0. O

LEMMA EC.13. The inequality %r“ (y) > r¢(y) holds for all y € [0,y™] and ¢ > 0.

Proof. We first show the following two inequalities hold:

A
{<1—-y+ % (EC.60a)
1-2 * 16 1-c \?
1— (_—)c/l < — 1_(&) (EC.60b)
gu(l-y+3) 15 qu(1-7y)
To see that (EC.60a) holds, note
_ Ns ns _ sy
==+ -(A-y+w) <n(l-y)+(1-y+D=1-y+3 <1—7+— (EC.60c)

which follows because w; < 1, i, < 1, and n; < A. Next, for (EC.60b) we have

2
_ (1-2)c 2
qau (1=y+5) 1_(2 ) 16
< 2 < E
_ [ _(=ADc _[1=2
1 (qH(l—y)) ! ( 2 )

The first inequality above follows by noting the ratio in the left hand side is decreasing in gy and

30

increasing in y, and because gy > 4c and y < % by Assumptions 1 and 2. The second inequality
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follows because the intermediate expression decreases in A and because A > % We can now prove

the lemma statement. Note

. 2
rC(V):Ur?’(]H(l—((l ’l)c+ UL ) )

4 2qul  4qu<
2
<nrYqH (l - ((1 /l)C) )

4 2qu{
1-4 ?
<y 1—(—( — )CA )
4 gu(1-y+3)
16 gu ( (1-2)c )2
< oy (1o (20
15774 ( gn(1-7)
6
_Enrr (7)
8 a
<Er (’)/)

The first line follows by definition of r“(7y), the second line follows because ¢ (7y) strictly decreases
in ¢, the third line follows using the upper bound on ¢ from (EC.60a), the fourth line follows using
the inequality (EC.60b), the fifth line follows from the definition of 7“(7y), and the final line follows

1 1
because 17, < 5 since 4 > 5. m|

EC.2. Proofs for Section 3: Optimal Commission and Platform Revenue
EC.2.1. Proof of Proposition 1

We first present two useful lemmas used in the proof of Proposition 1 and elsewhere: Lemma
EC.14 presents comparative statics with respect to ¢ for different candidate solutions for the optimal
commission rate y*, and Lemma EC.15 provides a characterization of the optimal commission rate
y*. For use in the remainder of the electronic companion, define y* := argmax,,c(o ;) " (y) and
y* = argmax,,epg,m {ur*(y) + (1 - p)r’(y)}, where x,y € {a,b,c} and the r*(y) functions are
as defined in Lemma EC.11. For convenience, we describe these quantities informally below:
* r?(y) is the platform’s revenue from a type-H seller when the seller transacts only online, and
v is its unconstrained maximizer,
* rb(y) is the platform’s revenue from a type-L seller when they transact online with the o = s
buyer (and reject o = r buyers), and y? is its unconstrained maximizer,
* r¢(7y) is the platform’s revenue from a type-H seller when the seller transacts online and offline

with o =r and o = s buyers, respectively, and ¢ is its unconstrained maximizer,
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¥’ _ which is the only quantity of the form y*¥ used in the following proof — is the optimal

commission rate when both type-H and type-L sellers transact online.

LEmMA EC.14. The following statements hold. (i) y* and y* are both independent of ¢, (ii) v*

strictly decreases in ¢, and (iii) y and yL strictly increase in ¢.

Recall that y/ and y£ denote the smallest commission rates at which the type-H and type-L sellers
transact offline with o = s buyers, respectively (Lemma EC.10). Intuitively, an increase in the
switching cost leads to an increase in the commission rates at which sellers disintermediate, which
is captured by statement (i) in the lemma above.

Proof. (i). The result follows by noting that 7*(y) and r”(y) are independent of ¢ (Lemma EC.12),
and thus so are their maximizers y* and y”. This is because for fixed 7y, the switching cost does not
affect revenue when all transactions occur online.

(i7). Applying the implicit function theorem, we have

dyc 82rc 62rc -1
¢ (876¢) ( ayz)
Note aa—;rc < 0 aty =vy“ because y¢ is the maximizer of r°. Therefore, d%yc has the same sign as

_0°_pe, Using the expressions for p¢ and r“(y) from Lemmas EC.3 and EC.11, we have

dyd¢
oo . pe\ 1 (200 =Dc+nsp)
r’(y)=nyyp (1 - —|=nyqu |~ - ,
qH 4 4gul

(EC.61)

y=y¢

where { =n,(1—7y) + %ns(l — ¥ + wy). Differentiating in y and using the fact that %{ = %ns -1,

we have
ore _ 1 (=D ¢ \*\ 2mau ((1=-Dc 0o\ (. s
By =Nrq9H (4_1_( Yant +4qH§) )— e ( 0n +4QH) (1—3) (EC.62)
B 1 m (1 2y N
‘”"“’(T%(?Jr?(l_?)))’ (EC.63)

where h = %(ZC(I —A)+1n,¢). Because h increases in ¢, we conclude %rc < 0 and thus %yc <0.
(iii). We first show %yf > 0, followed by showing d%ysL > 0. Note by the proof of Lemma EC.10,
yH is the unique solution to 7¢(p?) — n¢(p¢) = 0. Note 7%(p®) depends on y and 7¢(p¢) depends
on both vy and ¢. For convenience, we define the function 77 (y, ¢) := 7% (p?) — n°(p°). It follows
that 7~ (y, ¢) = 0. Taking the total derivative of this equation with respect to ¢, we have
on~dy"  on”

dn~ B ( N )
y=yi dy d¢ ¢

ds

=0.

y=yf




e-companion to Sekar and Siddiq: Platform Disintermediation ecl?7

Because y is the unique solution to 77 (y, ¢) = 0 by Lemma EC.10, we must have %n_ #0 at

y =yH. We can therefore re-arrange for %yf to obtain
dyHf _ (077 (0n” -
dp — \ 9 |\ ay

Next, we show ¢ys > 0 by showing a_” <0 and 367 > 0 at y =y First, the proof of Lemma

. (EC.64)
y=yH

EC.10 shows that 77 (7y, ¢) strictly decreases in y on the interval [Zs ,7H], and that y € [Zs ],
It follows that aa—yn‘(y, ¢) <0 aty =y, Next, for all y € [0,y™] we have

on~ 0

aq])_:_%ﬂ “(p°) (EC.65)

4 (1 ¢
=53 { (l—p—)(p (2(1- 7)—77s(1—y—ws))—ZC(l—ﬂ)—nsrb)} (EC.66)

o q
=L 1——C EC.67
2( qH) (EC.67)
> 0. (EC.68)

The first line follows by definition of 7~ (7, ¢) and because %ﬂ“ (p*) =0, the second by plugging in
the expression for 7¢(p¢), and the third from noting p¢ is the maximizer of 7¢(p) and thus applying
the envelope theorem to compute the partial derivative. The strict inequality follows because p°
maximizes 7¢(p) and the seller earns zero profit for all prices above gy, which implies p¢ < gp.
Because aiﬂ <0 and 3 7r >0 at y =y, we conclude d 7 LyH > 0, as desired. Next, we show
d—¢ys > 0 using a similar argument to that above for d—¢ys > (. Note by the proof of Lemma EC.10,
yL is the unique solution to 7” (p?) —n?(p?). Let 7 (y, ¢) = n°(p”) — ¥ (p?), and note 7 (y%, ¢) =0
by definition of y£. Taking the total derivative with respect to ¢ yields

_ ( oxdys 0n )
L \0y d¢p 0¢

dn
ds |y—y

Because y’ is the unique solution to 7(y, ¢) = 0 by Lemma EC.10, we must have 3‘9—77? #0aty=yL.

We can therefore re-arrange for d%yf to obtain

dyi __ (o7 (97)"
dp — \dg)\dy

Next, we show 4 r; 4 yL > 0 by showing —71' <0 and —7r >0 at y = yL. First, the proof of Lemma

(EC.69)

y=y¥&

EC.10 shows that 7 (7y, ¢) strictly decreases in y on the interval [ySL, ¥£1, and that yL € [yf, . 1t
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follows that %ﬁ(y, ¢) <0 at y =y, Next, by parallel argument to the proof for %yf above, we

have
on d 4, 4
— = EC.70
96" ds" (%) ( )
d (1 d
=7 {_773 (1 - p_) (pd(l _7+ws) - 26(1 _ws) _¢)} (EC71)
d¢ |2 qL
d
_Is (1 - p—) (EC.72)
2 qL
> 0. (EC.73)
Because (%ﬁ <0and 6‘9—¢ﬁ >0 at y =yE, we conclude %)/SL > 0. |

LemmA EC.15 (Optimal commission rate). The following statements hold.
(i) There exists a € (%, 1] such that y* =min{y",y"} ifa < a and ¢ > 0.

(ii) There exists @ € [a, 1) such that y* =min{y“,y"} if « € [@, 1] and ¢ =0.

Unpacking the above lemma, part (7) states that when information quality « is low, the platform
chooses a commission rate no greater than vy, and so all transactions occur on-platform. At high
values of @ under no switching cost (part (ii)) , the only transactions that occur on-platform are
between the type-H seller and o~ =r buyer.

Proof. (i). Note for any y >0 and a = %, the type-L seller’s profit is

_ 2 _ 2 _ 2

which follows because aty > 0, wy =Adata = %, and g7 < (1 —2)c by Assumption 1. Since 7 (p?) <
0 implies that the type-L seller rejects all buyers, we conclude the type-L seller’s contribution to
platform revenue at a = % is 7’ (y)* = 0. It follows by continuity of 7”(p”) in « that there exists
& such that r?(y)* =0 for all @ < &@. Thus, for @ < &, the platform’s revenue is given by (Lemma

EC.11)

a if 0,y],
R(y) = uré(y) ify€[0,yy] ECT4)

ur<(y) ifye(y2 ym].

Next, using the expressions for w; and w, (Lemma EC.1), we have w; = w, = A for a = %, which

implies wy = w,, and thus y¥ = y#. It follows from Lemma EC.7, that y =y > y"™ at @ = 1.

Further, because r%(y) strictly increases in y (Lemma EC.12), we conclude y* = min{y,y™} at
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= % Finally, the existence of the threshold a < @ follows because y# is continuous in @ and
r®(y) > r¢(y) for y > 0 by Lemma EC.13.

(i7). By Lemma EC.11, the platform’s revenue function is
pr(y)+(1=wrP(y)* ify € [0,9]],
Ry)=qur¢(y)+(1=w)yrb(y)* ifye (v, yH], (EC.75)
pure(y) if y e (y&,y"].

Note r¢(7y) is strictly concave in vy by Lemma EC.12. Therefore, to show y* = min{y¢,y™} it

suffices to show that the following three inequalities hold:

min{y‘,y"} > vk, (EC.76a)

pr(y™ > max_ ur(y)+(1-wr’(y)*, (EC.76b)
yel0,yH]

pre(y™ > max  ur(y)+(1-prl(y)*. (EC.76¢)
ye(yH yE]

We show y* = min{y®,y"} holds at @ = 1. Note ¢ =0 and @ = 1 implies w; = 1 and thus 7 =yL =0
by Lemma EC.10. Therefore, in this setting the right hand sides of (EC.76b) and (EC.76c) are both

zero. It remains to show r¢(y™) > 0. Note

m

-y
2

o T o 1 . |
{=n.(1-y )+3‘(1—7 *+wg) 2 S (e +n,) (1-9") = 27

Because { > }1 and gy > 4c¢ by Assumption 1, we have gy ¢ > c. Using this inequality, we can write

1 ((1-2)c)? (1 (=)
é_l_( qug))Zﬂr)’ QH(Z_( > ))>0,

where the final inequality follows because A < 1. Therefore, y* = min{y“,y"} if ¢ =0 and a = 1.

r’(y")=nvy"qn

Finally, the existence of the threshold @ < 1 follows because ¥’ and y and the functions r%(y),

rP(y) and r¢(y) are all continuous in a. O

PROPOSITION 1. Let y*(¢) be the platform’s optimal commission rate under switching cost ¢. There
exist thresholds a € (%, 1] and @ € [a, 1) such that the following statements hold.
(i) Suppose information quality is low, i.e., @ < @. Then the optimal commission rate y* (¢) weakly

increases in the switching cost ¢ for all ¢ > 0.
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(ii) Suppose information quality is high, i.e., a > &. Then there exists ¢ > 0 such that for each
¢ > ¢, the optimal commission rate is higher in the absence of switching costs, y*(0) > y*(¢),
where the inequality is strict if y*(¢) < y™. Further, there exists ¢ € (0, @] such that y* ()

strictly decreases in ¢ on ¢ € [0, ¢] wherever y*(¢) <y™.

Proof. This proof makes use of Lemmas EC.14 and EC.15. (7). By Lemma EC.15 there exists
ae [%, 1] such that if @ < @, then y* = min{y“, ¥} for all ¢ > 0. That is, the optimal commission
rate y* ensures that all transactions occur on-platform, e.g., see role of y in Figure 1. By Lemma
EC.14, y“is independent of ¢ and y# strictly increases in ¢. It follows that y* = min{y“, y#} weakly
increases in ¢ for all ¢ > 0. In summary, when the information quality is low, all transactions occur
on-platform. Further, any increase in the switching cost only strengthens the platform’s pricing
power, as sellers are less inclined to go off-platform, even at higher commission rates.

(i7). The proof proceeds in two steps. First we show y*(0) > y*(¢) holds for sufficiently large ¢
and a. Second, we address the comparative statics result.

Step 1. Note by Lemma EC.11, the platform’s revenue function is

prt () + (1 =mr*(y)* ify e [0,%{],

ROY) = yurc(y)+ (1= w)r*(y)*  ifye (¥, yH], (EC.77)

ure(y) ify € (yE,y™].

Because wy; =1 at @ =1 (Lemma EC.1) and yf = ysL =1—-wy at ¢ =0 (Lemma EC.10), we have
yH =yl =0at ¢ =0 and @ = 1. When @ = 1, transactions with the o~ = s buyer will always occur
offline, as the commission thresholds for disintermediation are zero. By continuity of yZ and y£
in a, it follows that there exists @ € [%, 1) such that y* = min{y®¢,y"} if ¢ =0 and @ > &. Note that
v*=min{y¢,y™} implies that the only transactions that occur online are between the type-H seller
and o = r buyer. Similarly, because y* strictly increases in ¢ (Lemma EC.14), when the switching
cost is sufficiently high, the platform can set its commission rate to guarantee that all transactions
occur online. Formally, there exists ¢ > 0 such that y* = min{y%?,y™} if ¢ > ¢. Because y** does
not depend on ¢, it remains to show there exists @ € [&, 1) such that y** < y¢if @ > @ and ¢ =0. In
other words, the platform’s commission rate at ¢ =0 (y©) is larger than its commission rate when

switching costs are large (y*).
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To show this, we first define an auxiliary function £*(y) for each x € {a, b, c}. To define £“(y),

we differentiate 7“(vy) in 7y to obtain

or? (9{ a( p")} 5{7( (pc(l—/l))z)} 1 (2 cz(1+7)(1—/l)2)
ypo\l-—|1=5-17 90— = q5 - .

dy dy 4 qu(1-y)2 )| 4qu (1-y)3

e (y)

(EC.78)

Similarly, for £2 () we have

or 9 {ynspb(l_p_”)}:i{ﬂ(%_(pC(l—ws))z)}:@(qL_(l 2y )Cz(l—ws)z

9y Ay qH oy | 4 qr(1-y)? 4 +1—7 qr(1-y)?
b (y)
(EC.79)
For £(y),
or¢ 0 p°
L e EC.80
dy Oy {Wp ( qH)} ( )
0 1 ((1=-2c)?
D Py EC.81
ay{W qH(4 ( Yant ))} ( )
~ on, 1 ((1=-Dc\\ 2n ((1=)c\* 8¢
=Y4H (a—aVCIH (4_1_( 20t ))+7( Yant ) 8_a) (EC.82)
te(y)

Note because r*(7y) is strictly concave in y for each x € {a, b,c} (Lemma EC.12), *(y) strictly
decreases in y and £*(y*) =0 for each x € {a, b,c} by definition. Using these properties, it is
straightforward to verify that y? < ¢ for all a € [%, 1]. Further, because r(y) and r?(y) are both
strictly concave in y, we must have y” < y?? < y“forall « € [%, 1]. It is then sufficient to show there
exists @ € [@, 1) such that y* < y¢ for @ > @. Using Ba—an, =1-2Aand %{ = %((1 - —-y(2a-1)),
it can be shown algebraically that

A(l+y)(1-2)2

(1-y)?

Lim {£5(y) = °(v)} =42 (1-0)*2-y2 =) +q5(2-y(2-1)) - 1)+ >0,

(EC.83)
where the strict inequality follows because y € (0, %] and 1 € [%, 1]. By continuity of £¢(y) and

¢?(y) in «, it follows that there exists @ € [@, 1) such that £%(y) < £°(y) for all y € [0,y™] if

a > @. Therefore, for all @ > @ we have ¢*(y%) =0 < £°(y“%), which implies y* < y¢. Because
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¥’ < y*, we conclude y** < y¢ if @ > @ and ¢ = 0. Because y* = min{y*?,y™} for all ¢ > ¢ and
v* =min{y¢,y"} for ¢ = 0 as established at the beginning of the proof, we conclude y*(0) > y*(¢)
for all ¢ > ¢ and @ > @. Finally, to see that the inequality is strict wherever y*(¢) < y™, note
y*(¢) <y™ implies y*(¢) =y** <min{y*,y"} =y*(0).

Step 2. From part (ii), we have y* = min{y¢,y"} for ¢ =0 and « > @. Further, since the thresholds
yH and yL and the revenue functions r%(y), r’(y), and ¢(y) are each continuous in ¢, it follows
that there exists ¢ > 0 such that v* =min{y®,y"} for all ¢ < ¢ and @ > a. The result follows

because y° strictly decreases in ¢ (Lemma EC.14). i

EC.2.2. Proof of Proposition 2

PropPosSITION 2. Let R(y*) be the platform’s revenue under the optimal commission rate y*. There
exist thresholds a € (%, 1] and @ € [a, 1) such that the following statements hold.
(i) Suppose information quality is low, @ < a. Then the platform’s optimal revenue R(y*) weakly
increases in the switching cost ¢ on ¢ € [0, ).
(ii) Suppose information quality is high, & > &. Then there exists ¢ such that the platform’s optimal

revenue R(y*) strictly decreases in the switching cost ¢ on ¢ € [0, @].

Proof. (i). By Lemma EC.15, there exists a such that if @ < @, then y* = min{y“,y#,y™} for
all ¢ >0 and r’(y*)* = 0. That is, the low information quality ensures that type-L sellers do not
transact at all and it is optimal for the platform to choose a commission rate where type-H sellers
fully transact online as the disintermediation threshold y# is sufficiently large (e.g., see Figure 1).
Pick a < a. It is straightforward to show that because y¢, ¥, r(y) and r¢(y) are all continuous
in ¢, so is R(y*). It remains to show R(y*) weakly increases in ¢ in three separate cases: y* =y,
y =y and y* =y".

Case I: y* = y*. Following the proof of Lemma EC.15, we have r’(y)*=0forall y >0 if a < a,
which implies R(y) = ur®(y). Then

dR
d¢

_ort

y=ya oy d¢p 0¢

The first equality follows from taking the total derivative with respect to ¢, the second equality

=0. (EC.84)
y=y4

or® dy* 61’“)

r=y*

follows from the envelope theorem because y“ is the unconstrained maximizer of r“, and the third
equality follows because r“ is independent of ¢ (Lemma EC.12). Hence R(y") is independent of ¢

when y* =y,
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Case II: y* =+™. In this case, we again obtain (EC.84), except the second equality holds because
d%y* =0 for y* =™ instead of by the envelope theorem. Hence R(y*) is independent of ¢ when
y ="

Case III: y* = y# . Because —r =0 (Lemma EC.12), we have

or dy* N or?
oy d¢p 0¢

dR
d¢

_u ort dy*
y=y{ dy d¢

., > 0. (EC.85)
Y=Ys

y=yi
To see why the strict inequality holds, note y strictly increases in ¢ (Lemma EC.14) and y* =y
implies we must have 6‘9 r®>0aty =y We conclude that R(y*) strictly increases in ¢ if y* =y,
Statement (7) thus follows.

(ii). By Lemma EC.15 and the continuity of the thresholds y/ and y£ in ¢, there exists o> 0 such
that y* = min{y“,y"} for @ > @ and ¢ < ¢. Pick @ > @. We show R(y") strictly decreases in ¢ at
each ¢ € [0, Q] by considering y* = y¢ and y =" as separate cases.

Case I: y* = y°. In this case, we have

dR

dR ) (ﬁrc dy* N 6rC) o
y=y¢ dy d¢ 99 ]l,-,

Ma¢

where the first equality follows because R(y*) = ur¢(y*) for y* =y, and the second equality

(EC.86)

d¢

r=y¢

follows by the envelope theorem because y¢ is the maximizer of r¢(7y). Next, using the expressions

for r(y) and p¢ from Lemma EC.3, we have

orc 0 p*
. 1- £ EC.87
56 99 {" P ( qH)} .
P 1 (2(1-)c+n,0)
. EC.88
Nz {'7 v (4 ( 4qn¢ ) )} e
_ sy 2(1 = e +1,9) (EC.89)
8qn{?
-0 (EC.90)

It follows that R(y*) strictly decreases in ¢ if y* = .

Case II: y* =™, Similar to Case I, we have
B ((’)r dy" 6r )
y=y* oy d¢ (?gb

where the second equality follows because d%ym =0 and the strict inequality follows from (EC.90).

dR
d¢

3 or¢
L ogl,

<0, (EC.91)

Therefore, R(y*) strictly decreases in ¢ if y* =y". O
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EC.3. Proofs for Section 4: Optimal Information Quality
EC.3.1. Proof of Lemma 4

There exist thresholds ¢ > 0 and ¢ > ¢ such that the following statements hold.
(i) Suppose the switching cost is high, ¢ > ¢. Then the platform’s optimal revenue R (y*) weakly
increases in information quality @ on @ € [%, 1].
(ii) Suppose the switching cost is low, ¢ < ¢. Then there exists @ € (%, 1],@€[a,1)and A € [l, 1)
such that the platform’s optimal revenue R(y*) weakly increases in @ on « € [ a] for all
Ae [%, 1] and strictly decreases in & on a € [@, 1] if 1 > 1.
Proof. (i). By Lemma EC.14, ¥ and yL are both strictly increasing in ¢ for each a € [%, 1]. It
follows that there exists ¢ such that Y > y™ and y£ > y™ for all a € [%, 1]. Therefore, by Lemma
EC.11, for each ¢ > ¢ the platform’s revenue is given by R(y) = ur®(y) + (1 — pu)r’(y)* for all
a € [%, 1]and y € [0,y™]. Let y* be the maximizer of R(y) ony € [0,y"]. Because r” () increases

in @ for each y € [0,™] such that r”(y) > 0 (Lemma EC.12), there exists @ € [4,1] such that

27
r?(y*) > 0 if and only if & > @. Note r%(y) is independent of . Therefore, for each & < &, R(y*) is
also independent of «. Next, for each @ > @, we consider two further cases: y* < y™ and y* =y™.
If y* <™, then

0 b
=(1-p5—| >0
oa

y=y*

dR
da Yoy

_OR
O

OR dy OR
8y da da

5

Y=y
where the second equality follows from the envelope theorem, the third equality follows because
%r“ =0, and the strictly inequality follows because 66 r? > 0, as established above. If y* =y™,
then 6‘3—07 =0 aty=7y", and we again obtain & —R>0aty=y"

(ii). The proof proceeds in three steps. First, we show that for y € [0,y"] and ¢ =0, r€ strictly
decreases in « for all 1 > 1 =0.52. Second, we address the upper threshold @. Third, we address

the lower threshold a.

Step 1. Using y < 2, we have the following lower bound on {:

-1 1 1 3
2’7 +%(—+ws)=z(1+01+/1) >

+24

s 1
(=(-n) 1=y + D(1-y+w) > (EC.92)

2

Suppose ¢ =0. Then

orc 9 1 ((1=2)c\?
90 da {nrvqﬂ(z—( ant ) )} (EC.93)
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_on (1 (A=DeV | 20vqu ((L=2)e)* 8¢

-2 qu(4 T ) )+ ; ( T ) (EC.94)
1 (1=-2\} 2n (1-2\*1-2

S4cy((l—2/l) T(W) )+ Z (W) T) (EC.95)
1 (1-2)\° 4 [1-2)?

S4cy((1—2/l) Z_(3+2A) )+3+M(3+M) (1—1)). (EC.96)

The third line follows because 27, = 1-22, Z¢=1((1-2) -y(22-1)) < 3(1-2) and g > 4c,

and the fourth line follows from the lower bound on £ from (EC.92). Next, let 1 = 0.52. Plugging
in A =0.52, we obtain the bound

1 (1-2)\° 4 (1-2
40')/((1—2/1) (Z_(3+2/1) )+3+2ﬂ(3+2ﬂ) (1 —/l)) —ﬁ«) (EC.97)

Next, note that the upper bound on rc in (EC.96) strictly decreases in 4 on A € [ 1], and is

strictly negative for 1 =0.52. It follows that for any y € [0,y™] and ¢ =0, r°(y) strictly decreases
in o forall 1 > 1=0.52.

Step 2. It follows from Lemma EC.15 and the continuity of yZ and y£ that there exists ¢ > 0 and
@ < 1 such that for each ¢ < ¢, y* = min{y“,y"} for all @ € [@, 1]. Further, following the proof of
Lemma EC.15, we also have y¢ > y& for ¢ < ¢ and a € [@,1]. Now let 2 > A and consider two
cases: y* <y" and y* =y". If y* <y™, then y* =y, and we have

ore¢
=H
y=y¢ oa

dR
dal,_,.

dr¢
da

<0. (EC.98)
y=y°¢

The first equality follows because y¢ > yL implies R(y¢) = ur¢(y*) (Lemma EC.11), the second
equality follows from the envelope theorem because y¢ is a maximizer of r¢(y), and the strict
inequality follows from Step 1. It follows that if ¢ < ¢ and 1 > A, then R(y*) strictly decreases in
a on @ € [@, 1]. In the case where y* =7y™, we have %y* =0, from which (EC.98) again follows.

Step 3. For the lower threshold «, first suppose ¢ =0 and @ = % Note that @ = % implies w; = wy,
and thus v =y, By Lemma EC.10 we have y? =1 — w, > y™, which implies y > y™. Further,
because y# strictly increases in ¢ by Lemma EC.14 and is continuous in a, there exists a € [%, a]
such that y# > y™ holds for all ¢ < ¢ and @ < @. It follows from Lemma EC.11 that the platform’s
revenue is given by R(y) = ur®(y) + (1 — u)r?(y)*. Let v* be the maximizer of R(y). Note r%(y)
is independent of @ and r”(y) strictly increases in & (Lemma EC.12). The result that R(y*) weakly

increases in « then follows by an identical argument to the proof of statement (). O
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EC.3.2. Proof of Proposition 3

We first present two supporting results that are used to prove Proposition 3: Lemma EC.16 presents
comparative statics with respect to « for different candidate solutions for the optimal commission
rate y*, and Lemma EC.17 proves a useful property that holds at the optimal information quality

and commission rate (a*,y").

LEmMA EC.16. The following statements hold. (i) y* is independent of « for all ¢, (ii) y? strictly
increases in a for all ¢, (iii) y¢ strictly increases in « if ¢ < @ for some ¢ > 0, (iv) yH strictly

decreases in a, and (v) yL strictly decreases in a if ¢ < ¢ for some ¢ > 0.

Proof. (i). Note r%(7y) is independent of @ (Lemma EC.12), which implies the maximizer y¢ is
also independent of «.
(ii). Note r”(y) does not depend on ¢, which implies %yb has the same sign for all ¢. By the

implicit function theorem, we have
dyb 82\ (92r0\ 7!
da (8y8a) ( dy? )

By Lemma EC.12, r?(y) is strictly concave in v, which implies 63—;2rb <0 at y = yb. It follows

62
dyda

(EC.99)

y=yb

that %y” has the same sign as rP aty =y Next, using the expressions in Lemmas EC.3 and

EC.11 and plugging p? into r”, we have

or® _ d [nyy Cz(l_ws)2
5_5{ 4 ( L CIL(I—Y)Z)} (EC100
Ns Cz(l"a%)z) nsy (ZCZ(I__Q“)Z)
_0s )" _ L T9s) EC.101
4 ( b gL(1-y)2 4\ gr(1-7)3 ( )
N 2y Cz(l"a%)z)
=g — 1 . EC.102
4 (QL ( +1—7) gr(1—y)? ( )

Note 1, and w; both strictly increase in @ by Lemma EC.1. Thus, by inspecting (EC.102) it can
be verified that %rb also strictly increases in a. It follows that aj%rb > 0, and thus y” strictly
increases in «.

(iii). By the implicit function theorem, we have

dyc aZrc aZrc -1
da ((9)/6&) (672)

(EC.103)

v=y°¢
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By Lemma EC.12, r¢ is strictly concave in y, which 1mphes r < 0 at y =y“. It follows that
e

day" has the same sign as 7y 55 7¢ aty =y°. Next, note
. I ((=dc  no )2
r=n, Z_ + , (EC.104)
rran (4 ( 2qud  4qul

where £ =n,(1-y)+ ns#. Differentiating in y, we have

I I

oy 4 2qul  4qu< 3 2qnH 46]H 2
1 » Y (, s
=7, (L (1 _ s
! qH(4 qi(éz s 2)))
glay)

where h = %(20(1 —A)+n,¢) and g(a, y) is defined as above for convenience. Differentiating again

(|
y=v°¢ "o

The second equality above follows because y© is the maximizer of r“(7y), which implies 6‘9 r¢=0

in @ and evaluating at y = y€ yields

d%r¢ 3 ag 87]r
Oyoa y=ye 6& 0a/g

(EC.105)

at vy = y¢. By (EC.104), this implies g(a,y‘) = 0. It remains to show %g(a,yc) > (. Note by
inspection that g(a,y) is increasing in ¢ and n;, for each 7y; therefore, it suffices to show %{ >0
and %ns > 0. Using the expressions for 1, and w, (Lemma EC.1), it can be shown algebraically
that

ns(l _'y+ws)

2

a9
= {(1—y>(1 )+

}:%(7(21—1”(1—/1))20, (EC.106)

where the final inequality follows because A > l . By Lemma EC.1, we also have %n s=21—-1>0
when A > % Because ( >0 and a ns>0for =0 and 1 > 2, we conclude g(a,y“) strictly
increases in a. This estabhshes that %’y < 0 for ¢ = 0. The existence of the threshold ¢ > 0 follows
because r¢(7y) is continuous in ¢, which by (EC.103) implies %yc is continuous in ¢.
(iv). By Lemma EC.10, ¥ is the unique solution to 7¢(p®) — n¢(p¢) = 0. For convenience, define
the function 77 (a, y) :=1%(p?) —n¢(p©). By definition, for each a € [%, 1] we have 7~ (a, yH) = 0.
It is straightforward to verify that 7¢(p“) and 7¢(p°) are both differentiable in @ and y. Therefore,
we can differentiate 7~ (@, y) with respect to a to obtain
dn” _ ((971‘ dyH N (971_)
da y=yll Jdy da OJa

- 0. (EC.107)
y=yf
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Because 7~ (@, y) = 0 strictly decreases in y on the interval [Zf , 711 by the proof of Lemma EC.10,

we have %ﬂ_ <0aty =y We can therefore re-arrange for %’yf’ to obtain

d p__(9n) (957"
da”s =\ ba oy

n~ <0, %yf’ < 0 holds if %n‘ < 0; we show the latter inequality holds. Note

. (EC.108)
y=y¥

Because %
on~ _dn(p?) _dr®(p) _dx‘(p°)
oa da da da

(EC.109)

where the second equality follows because 7 and p“ are both independent of @, and the right hand

side is the total derivative of 7¢(p¢) with respect to a. Further, we have

dn® B ((977"’ ap° N 8715) _on°
da (. py=ytipey \OP O 0a [l oyt pey O [y )yt pe)
because %ﬂc =0 at p = p¢ by the envelope theorem. Therefore, it remains to show %nc > (0 at

(v, p) = (¥, p€). Writing out this partial derivative using the expression for 7¢(p), we have

onc 0
; =—{ns (wsbs(p)—cb—(l—y)p)(1—1)} (EC.110)
a Oa qH
as 6 SbS
=ai(wsbs<p)—¢—<1—y>p)(l—i)ws‘“—(m(1—£). (EC.111)
o q9H oa qH

Next, we show the expression in (EC.111) is strictly positive at (y, p) = (¥, p¢). Note we must
have (1 - 5—;) > 0 because the type-H seller has positive demand at p = p°. Note also that y
is the commission rate at which the seller is indifferent between transacting online and offline;
using this fact it is straightforward to show that (wsbs(p) —¢— (1 —7y)p) =0 and bs(p) > 0 at
(v,p) = (yH, p©). Because %ns =24 - 1> 0, we conclude the first term in (EC.111) is positive.
For the second term, note

dwsby(p) _ laws _ (1-)A >0
da  208a 2(1-A+(a(22-1)2) " 7

where the first equality follows using the expression for b;(p) (Lemma EC.2) and the strict inequality

follows because A € [%, 1]. Therefore, %ﬂc(p) >0 at (y,p) = (yH, p©), as desired. We conclude

yH strictly decreases in a.
(v). Let ¢ =0. It follows from Lemma EC.10 that

R (OO )

S e+l (EC.112)
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Differentiating in «,
dyl (1-2)2

do ~ @l-D+(-ayly? =

Therefore, yL strictly decreases in @ on a € [%, 1] when ¢ = 0. Finally, to see that there exists a

(EC.113)

threshold ¢ > 0 such that “£yL < 0 for ¢ < §, note that Ly can be shown to be continuous in ¢
using the fact that y is the solution to 7% (p?) — 7¢(p?) = 0, where n”(p?) does not depend on ¢

and 77 (p?) is continuous in ¢. O

Lemma EC.17 (Optimal information quality and commission rate). Suppose y* < y™ holds at

the optimal information quality and commission rate (a*,y*). Then y* € [y, yL].

Proof. We show neither y* <y nor y* > yL can hold if y* < y™. By way of contradiction, suppose
y* < yH holds at (a*,y*). Because y =0 at @ = 1, y* <y implies a* < 1. Further, because r¢(y)
strictly increases in y on y € [0,y™] (Lemma EC.12), we must have ’(y*) > 0; otherwise, we
obtain a contradiction to y* < y. Because y# is continuous and strictly decreasing in a (Lemma
EC.16), there exists & > a* such that ¥ = y* at @ = &. To make dependence on a explicit, we

slightly abuse notation and write R(«,y) to denote the platform’s revenue. Then we can write

R(a*,y") = pr®(a*,y") + (1 - wr’(a*, y")" < pur*(&,y") + (1 - wr’ (@, y)" = R(&@,7"),
(EC.114)

where the strict inequality follows because () and r”(y) are independent of and increasing in
a, respectively (Lemma EC.12), and the two equalities follow by noting y* < ¥ at both @* and &,
and applying the definition of R(y) from Lemma EC.11. Note (EC.114) contradicts the optimality

of *, which implies y* < y# cannot hold. Next, suppose y* > yL. Then
R(@',y) =pr(a’,y") <pr(a’,y) = ur (5,77 =R (4.7) (EC.115)

The first equality follows because y* > y£, the strictly inequality follows by Lemma EC.13, the
second equality follows because r“(7y) is independent of «, and the final equality follows because
yH > 4™ for a = % Note (EC.115) contradicts the optimality of *, and so y* > ¥ cannot hold.

The result follows. O

PROPOSITION 3. Let a* be the platform’s revenue-maximizing information quality when jointly
optimized with the commission rate. There exist thresholds fi € [0,1], ¢ >0, a € (%, 1) and @ €

(a, 1) such that the following statements hold.
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(i) A no-information policy is optimal a* = % if the share of type-H sellers is large u > i and
there is no switching cost ¢ =0.

(ii) A partial-information policy is optimal & € [a, @] if the share of type-H sellers is small u < [i
and there is no switching cost ¢ =0. Further, o strictly decreases in u for all u € [0, f1].

(iii) A full-information policy is optimal a* =1 for all u € [0, 1] if the switching cost is high ¢ > ¢.

Proof. The proof proceeds in five steps. First, we define two thresholds, a” and &, which are used
in the remainder of the proof. Second, we show that if ¢ =0, then there exists g € [0, 1] such that
the optimal information quality satisfies &* < min{e?,a} if 4 > g and o* > max{a?®, &} if u < f,
which is used to prove statement (7). Third, we define the thresholds @ and @ and show o™ € [, @]
if 4 < 1 and ¢ = 0. Fourth, we show o™ is decreasing in ¢ when a* € [@, @], which combined with
the third step proves statement (ii). Fifth, we prove statement (iii). Note that by Lemma EC.17,
the platform’s optimal policy (a*,y*) satisfies a* € [%, 1] and y* € [y, yE] U y™; therefore, we
restrict attention to those sets throughout the proof.

Step 1. Note @ = 1 implies w, = w, and thus y? =y Because y/ > y™ by Lemma EC.7, and y!/
strictly decreases in @ (Lemma EC.16), it follows there exists a unique threshold & € (%, 1) such
that y# > y™ if and only if & < @. Next, let y*(a) be the optimal commission rate for fixed ar. We
show there exists a unique threshold a” € (%, 1) such that 7?(y*) > 0 if and only if @ > . To see

this, note

b _ sy _C2(1_ws)2)
r= ( aL(-72)

h(y)

where for convenience we define 4 (y) to be the expression inside the parentheses. Next, differenti-
ating & in « yields

ﬁ
da

y=y"

ohdy' o
0y da Oa

r=v*

By inspection of h, we have %h < 0 and %h > (0 for any y € [0,7"] and «a € [%, 1]. Further,
because ¢ = 0, we have y = yL, which combined with Lemma EC.17 implies y* = min{y*,y™}.
Because y? decreases in @, we must have %y* < 0. It follows that %h >0 aty=vy"(a) for all
a € [%, 1]. Because r?(y) > 0 if and only if 4(y) > 0, we conclude there exists a unique threshold
ab e [%, 1] such that 7*(y*(a)) > 0 if and only if @ > a”. Lastly, it can be verified algebraically

that r’(y) <0 at @ = % and r’(y) > 0 at & = 1 for any y € [0,9™], which implies o’ € (%, 1).
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Step 2. We now show there exists /7 € [0, 1] such that o* < min{e?, @} if u > jiand * > max{a?”, &}

b

if 4 < f1. There are two cases to consider: &’ > @ and o” < @.

Case I: a” > @. In this case, the platform’s revenue as a function of @ can be written as

ur(y™, for a € [%,d),
R(y") = ure (v, for @ € [@,a), (EC.116)

urt (Y + (1= wyr (yH*,  fora e [ab,1].

Note r%(y) is independent of @ and strictly increasing in y on y € [0,y™] (Lemma EC.12) and y%
is strictly decreasing in @ (Lemma EC.16). Combining these with the revenue expression above

b

imply either @* < & or ™ > a” must hold for all u € [0, 1]. Because r*(y™) does not depend on «,

it follows that @* < & if and only if the following inequality holds

max {uG i =r* (™) + (1=’ (yH*} <0. (EC.117)

It remains to show (EC.117) holds if and only if u > g for some u € (0, 1). Note if u =0, then
(EC.117) cannot hold because max, ,» rb (yf ) >0.1If u=1, then (EC.117) holds strictly because
yH <y™ on a > a” and r® is strictly increasing in y. Lastly, note the argument in (EC.117) is
strictly decreasing in u for every value of a because r¢(y) < r?(y™) by Lemma EC.12, which
implies the left hand side of (EC.117) is also strictly decreasing in u. Because (EC.117) does not
hold at u = 0, holds strictly at u = 1, and the left hand side is strictly decreasing in u, we conclude
there exists a unique g € (0, 1) such that (EC.117) holds if and only if u > . The result follows
because @& = min{a?, @} and o” = max{a?, &} in this case.

Case II: o® < @. In this case, the platform’s revenue is

urt(y™), fora € [1,a?),

R(Y") = ur¢(y™) + (1 = p)rb (y™*, for a € [a?, @), (EC.118)
pr(yH + (1-wyrb (yH*,  foraea,1].

b or a* > & must hold

b

Note that because r? strictly increases in @ (Lemma EC.12) , either a* < «
for all u € [0, 1]. Similar to Case I, because r*(y™) does not depend on «, it follows that a* < «

holds if and only if

max {p(r“ () = r*(y") + (1 = r” (y) '} <0. (EC.119)
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Because r“(7y) strictly increases in y on y € [0,7"] and does not depend on @ (Lemma EC.12),
and because y? < y™ if @ > @, it is straightforward to verify that (EC.119) holds only if u = 1. The
result follows by setting /2 = 1 and noting &’ = min{a?, &} and @ = max{a?, @}.

Step 3. We now show there exists a € [%, 1) and @ € (a, 1) such that @* € [a, @] if u < . Define
a =max{a?, @}. Note the result that «* > a if u < ji follows immediately from Step 2. It remains to
show the existence of @ < 1 such that @* < @ for u < fi. We do so by showing @* = 1 cannot hold for
any p € [0, 1]. Note that if =0 and « = 1, then trivially we have yL =0 and thus R(a,y) =0 for
all y € [0,y™], which implies @* < 1. Now let u > 0. Suppose by way of contradiction that a* =1
and let y* be the corresponding optimal commission rate. Further, define o’ = % and let y’ be the

optimal commission rate under «’. Then we have
R(a',y") > ur®(a’,y") = max ur®(a’,y) = max ur(a*,y) > max ur’(a”,y) = R(a*,y").
y<y™ y<y™ y<y™

The relations above follow because y > y™ at a = %, which implies R(y) > ur®(y) for all y €
[0, y™], by definition of y’, because r*(7y) is independent of a, because r*(y) > r¢(y) forall y < y™
(Lemma EC.13), and because @ = 1 and ¢ = 0 imply y# = yL = 0. Note R(c’,y’) > R(a*,y")
contradicts the optimality of (a*,y*). Therefore, @* =1 cannot hold at ¢ =0 for any u > 0. It
follows that there exists @ € [a, 1) such that * < @ for all u < f1.

Step 4. We now show that o strictly decreases in u if @* € [, @]. From the revenue expressions in

Step 2 and the definition of @ = max{a”, @}, a* € [a, @] implies the platform’s optimal revenue is
R(y") = ur (v + (L= m)r® (v, (EC.120)

It can be shown that R(y!) is continuous and differentiable in a using the definitions of 7¢(y) and
r?(y) (Lemma EC.11) and y/ (see proof of Lemma EC.16(iv)). Because a* is a local maximizer

of R(y), we have

dR dr¢ drt
dR :(ﬂ - ) _0. (EC.121)
A (qy)=(ar gty \' da A | |(a,y)=(a* yH)
Then by the implicit function theorem,
da* d’R \ (d®R\”'
@ :—( )( 2) . (EC.122)
du \dadp)\da® | (g y)=(a i)
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Because o maximizes R(y/) and «* € (1,1), we have dd—;R <0at (a,y) = (a*,y?). Therefore,

%a* has the same sign as ﬁR. Further, because 7¢(y), r’(y), and ¥ do not depend on u, we
have

d*R _dr* dr?
dady  da  da’

(EC.123)

d

darb <0at (a*, ’yf). First, because %r” =0 (Lemma EC.12), we have

3 (ar“ dyH )
y=yit \ 0y da
where the strict inequality follows because %7? < 0 (Lemma EC.16) and %r“ > (0 for all y €

[0,%™] (Lemma EC.12). Because -Lr¢ < 0, it follows from (EC.121) that £r* > 0 at (e*,yH).

It remains to show %r“ -

dar?
da

<0,
y=y¥

Finally, re-arranging (EC.121) yields
dr¢ drb N dr?
H da da da

r? > 0, it follows that u (%r“ - %rb) < 0, and thus %r”‘ -

=0. (EC.124)
(a.y)=(a"y{)

d

da

Because %rb <0 at (a/*,ygl), as
desired. We conclude a* strictly decreases in u if @* € [a, @].

Step 5. We now show statement (iii). Note y? strictly increases in ¢ for all a € [%, 1]
(Lemma EC.14), strictly decreases in a (Lemma EC.16), and y% > y (Lemma EC.11). It follows
that there exists ¢ > 0 such that ¥ > y™ for all @ € [3,1] if ¢ > ¢. Thus, for any ¢ > ¢, the

platform’s optimal revenue for fixed a € [%, 1] is given by
R(y") = max {ur(y)+ (1 - wrl(y)*}.

Because r”(y) strictly increases in  and r¢(y) is independent of o (Lemma EC.12), it follows that

R(y*) is strictly increasing in @ for ¢ > ¢. The result follows. O

EC.3.3. Proof of Corollary 1

LemmA EC.18. Ifu > %, then the inequality ur®(y) > ur¢(y)+(1—pu)r?(y)* holds forall a € [%, 1],
v € (0,y™] and ¢ > 0.

Proof. Before proving the lemma, we show the following bound holds for any y € (0,y™]:

r(y) 2
) <15 (EC.125)
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To see that (EC.125) holds, note

2 1- 2
() = 207 [ €L “’S)z (EC.126)
4 q; (1-7y)
< qLZ” (EC.127)
201 _ 1\2
< ECILU‘YY 1— C2(1 /l) _ (EC128)
15 4 qy(1=7y)
16 1 2(1-2)?
<16 Lamnsy 1—62(—4)2 (EC.129)
15 8 4 qy(1-7y)
2
< l—sr“ (7). (EC.130)
. . 2 _ 2 . . . . .
The third line above follows because (1 - qcz ((11 _’;))2) is minimized at A = %, qy=4c,andy = %, which

corresponds to a minimal value of %. The fourth line follows because 8¢q; < gy by Assumption 1.

We can now write
, 8 2 8 7 2
pre(y)+ (1= pwyrb(y)* < Eur“(y) +(1- ﬂ)Er“(V) < Eur“(y) L Er“(y) =ur’(y),

where the first inequality follows by combining Lemma EC.13 and (EC.125), and the second

inequality follows because u > % implies (1 —u) < 77“ |

COROLLARY 1. There exist thresholds ji € [0, 1), ¢ 20, and ¢ > ¢ such that partial-information is
optimal a* € (%, 1) if the switching cost is moderate ¢ € [9, @] and the share of type-H sellers is
large u > [i.

Proof. The proof proceeds in two steps. First, we show that under the optimal policy (a*,y"),
y* =min{y,y™} holds for all ¢ >0 if u > %. Second, we prove the main result. With a slight
abuse of notation, we write the platform’s revenue as R(«,y) to make dependence on « explicit.
Step 1. We focus on the most general case where y™ > yL holds at a = a*; the cases where
y™ < yH and y™ € (yH,yL) follow by parallel argument and are omitted. First, note y* ¢ (0, %)

follows directly from Lemma EC.17. It remains to show y* ¢ (y,yL] and y* ¢ (y£,»™]. Note any

ye(f yF and u> 3,

R(a*,y)=pr (", y) + (1= wpur’ (@, y) < pr®(e’,y) < pur®($.9™) =R(3.9™),

where the first inequality follows from Lemma EC.18 and the second follows because r¢(7y) is
independent of  and increases in y (Lemma EC.12). Hence, y* ¢ (v, y£] for u > %. Similarly, by

again using Lemma EC.18, for any y > yL and u > % we have

R(a*,y) =pr(a*,y) <pur®(a*,y) <R(3,9™), (EC.131)
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which implies y* < yF. We have thus shown y* = y¥ if u > 3 and yL < y™. Because y/ <yt
(Lemma EC.11), we conclude y* = min{y?, y™} if u > %.

Step 2. To begin, define ¢ to be the solution to 1 — w, = %, and note ag < 1 since wy strictly
increases in @ and wy = 1 ata = 1 (Lemma EC.1). Further, define & = ag+€ < 1 forany € € (0, 1 —ay)
and define ¢ > 0 to be the smallest switching cost such that Y > y™ for all ¢ > ¢ at & = &. Note
$ exists because yH strictly increases in ¢ for all @ € [%, 1] (Lemma EC.14); let ¢ = ¢ be fixed
in the remainder. To prove the corollary statement, it suffices to show there exists g < 1 such that
R(&,7*(&)) > R(3,7"(3)) and R(&,y*(&)) > R(1,*(1)) both hold for all £ > ji at ¢ = ¢, i.e., the
platform’s revenue at @ = @ is strictly higher than the revenue at both a = % and « = 1, under the
corresponding optimal commission rate y* in each instance.

Case I: Comparison with a = % First, at @ = ap we have

b my _ 4LNsY (1-wye \*\ _ qwnsy a0\
e = T (1_(qL<1—ym>))‘ 4 (1_(1—7"1))20’

where the second equality follows by construction of a” and the inequality follows because y" <

1 — A by Assumption 2. For all u > % we can now write

R(6 7" (@) 2 R(&,7") = r(@,y") + (1= r* (a,y™) > (@) = R (3,9") =R (1,7 (D).
(EC.132)

To see that the strict inequality in (EC.132) holds, note that rb(ao,ym) > 0 as established above,
& > ag, and r? (a,y™) increases in @ because w, and w; both increase in @ (Lemma EC.1). The
second equality in (EC.132) holds because r“(y) is independent of @, and the final equality follows
because y? > y™ ata = L and y* = min{y#,y™} by Step 1. We conclude R(&, y*(&)) > R(%,7*(3))
for u > %.

Case II: Comparison with a = 1. First, note y < y™ at (@, ¢) = (1, $). To see this, note y? (&) = y™
at (a, ¢) = (&, ¢) by definition of ¢, y is strictly decreasing in a (Lemma EC.16), and & < 1. Next,

let u=1. We can now write

R(Ly* (1) =pr*(Ly"y+ (1 - P (Ly")* < wr*(@,9™) < R(&,9™) < R(&,7"(d)).
(EC.133)

The first equality in (EC.133) follows because y < y™ implies y* =y by Step 1. To see that

the strict inequality holds at u = 1, note r%(7y) is strictly increasing in y and independent of «
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(Lemmas EC.12 and EC.16), and ' < y™ as established above. We have thus shown R(1,y*(1)) <
R(a&,y*(&)) holds for u = 1. It follows by continuity of R(a,y) in u that there exists f € [%, 1)
such that R(1,y*(1)) < R(&,y*(&)) for all u > . Because u > %,
R(%, y*(%)) and R(&,y*(&)) > R(1,y*(1)) forall u > fifor ¢ = $, as desired. Finally, the thresholds

it follows that R(&,y"(&)) >

¢ and ¢ can be shown to exist using the continuity of R(a,y) in ¢. |

EC.4. Proofs for Section 5.1: Platform-Access Fees

In section EC.4.1, we first present several supporting results (Lemmas EC.19—EC.23) that are
needed for the proof of Proposition 4. Throughout this section, we use R¢c(a,y) and R4(a,¥) to
denote the platform’s revenue under the commission and access fee mechanisms, respectively. For
conciseness, define R;. := Rc(a”,y") and R}, := Ra(a™,¢"), where (a*,y") and (a*,¢") are the

optimal policies under commission and access fees, respectively.

EC.4.1. Preliminary Results for Proposition 4

Lemma EC.19 (Characterization of access fees). Let Hf) be a type-i seller’s on-platform profit
under a commission rate of y = 0.

(i) Foreach a € [%, 1],

2
ord ;:%(1— (lqﬂ)‘:) : (EC.134a)
H
07 4 o ' (EC. )

(ii) Hgl is independent of «, Hé strictly increases in @, and 0 < Hé < Hgl forall a € [%, 1].
(iii) For each > 0, the platform’s revenue under access fees R (Y) is weakly increasing in a on
p y 8
ae [%, 1].
(iv) The platform’s optimal access fee satisfies y* € {I1Z TILY, with corresponding optimal revenue
0

R = max{uIl?, Hé}.

Proof. (i). By Lemma EC.3, the profit for the type-H and type-L sellers are given by 7¢(p%) and
7’ (p?), respectively. Thus, the on-platform earnings under access fees are given by setting y = 0
in 7(p?) and 7% (p?), which yields the expressions in statement (7).

(i7). By inspection, Hg’ is independent of @. Because ;—ans >0 and %ws > (0 (Lemma EC.1),
we have %Hé > (. Finally, 0 < Hé < H(I){ follows from the expressions in part (i) and because

qu > 8qr by Assumption 1.
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(iii). Define 1} :=lim,— 1§, and note I} < TI] by part (ii). We consider three cases: y < TI,

€ (I, T, and ¢ > 1. First, if < T1}, because 1] strictly increases in a, for each y < TI}

there exists o, € [%, 1] such the type-L seller joins the platform if and only if @ > a . Further, the
type-H seller joins for all @ € [%, 1]. Therefore, if < 1%, the platform’s revenue under access fees
1s
/'u‘ﬂ’ lf a < aL’
Ra(y) = (EC.135)

v, ifa>ayr.

Because y < 1, R4 (¢) weakly increases in «. Next, if ¢ € (IT%, H(I){ ], then the type-L seller does not
join for any a € [%, 1], which implies R4 (¢) = uy for all @ € [%, 1], and thus R4 (¢) is independent
of . Finally, if y > 1Y, then neither seller type joins, which implies R4 () =0 for all a € [%, 1].
Therefore, in all three cases the platform’s revenue is weakly increasing in «.

(iv). By part (i), if ¢ < Hé then both seller types join, which generates a revenue of . If ¥ €
[HOL, Hgl ], then only the type-H seller joins the platform, which generates revenue w. It follows
that y* € {I17, Hé} and thus R, = max{uIlZ, Hé}. O

LemmA EC.20. If ¢ > 0, then the following inequalities hold for all a € [%, 1]:

r'(y) 9y m
H(I)_I 57 ’)/E[O,’)/ ], (EC.136a)
Pty 1

<—— vyel0,y"]. EC.136b
0 <2-y v €[0,9"] ( )

Further, if ¢ =0 and y < 1 — wy, then the following inequality holds for all a € [%, 1]:

b 1 €[0,2- \/§ ,
rrg) <\ vel ] (EC.137)
0 |yashesss vel2-V3m.
Proof. We first show that (EC.136a) holds. Note
(1-De \? (1-2)c |2
1- qu(1-y) 1- qH 9
< < 7 (EC.138)

(1 _ (1—A)c)2 - (1 _ (1—A)c)2
4H 4H

where the second inequality above follows because A > % and gy > 4c. Then we can write

2 2
ra(y):CIH'}’(l_( (1- Qe ) )S%;(l_ (l—ﬂ)c) o 130

4

qH 7
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where the first and second equalities follow by definition of 7¢(y) and IT?, and the inequality follows

from (EC.138). Next, we show (EC.136b) and (EC.137). In the case where r” (y) <0, (EC.136b)
(-ws)e

qr
We first show z < 1 —y forall ¢ >0 and z > 2y if ¢ =0. To see z < 1 —y for ¢ > 0, note r’(y) > 0

and (EC.137) follow trivially; we assume () > 0 for the remainder of the proof. Let z =

implies g7 (1 —vy) > (1 — wy)c (Lemma EC.3), which by definition of z implies z < 1 —y. To see
that z > 2y when ¢ =0, note

_(l=we (1-w)e

g  (1-2c

which follows because g; < (1 —=2A)c, A > 2, andy <yl=1-ws<1-wsat$p=0.Thus,z<1-y
for ¢ > 0 and z > 2y for ¢ =0. We now show (EC.137) assuming ¢ = 0; (EC.136b) follows by a

similar argument. First, using the defintion of z, we have

() _ 4y ((1 a)y)c) y (_ 2 )
0 (qr-(1-w)e)’ (1 qr(1-y)] | (1-2)? ! (1-v)%)" (BC.140)

Differentiating in z yields

T (2l a5e) -9 s )
(1—)4& I\asp) o)) o)

L
i
which implies the ratio (EC.140) strictly increases in z on z € [0, (1 — ¥)?] and has a single

9z

maximizer at z = (1 —y)? < 1 —y. Because z € [2y,1 —y] when ¢ =0, we have two cases to
consider: If 2y < (1 —y)?, the maximizer of the ratio (EC.140) on the interval z € [2y,1 —y] is
z=(1-y)%if 2y > (1 —v)?, the maximizer is z = 2y. Note 2y > (1-v)? if and only if y > 2 —V/3.
Plugging z =2y and z = (1 — y)? into (EC.140) yields (EC.137), as desired. Lastly, in the case

where ¢ > 0, (EC.136b) follows by a similar argument where only z < 1 — 7 is assumed to hold. O

LeEmmA EC.21. The platform’s optimal commission revenue is strictly smaller than the optimal
access fee revenue, R < R, if at least one the following conditions holds at the optimal commission
rate y*:

(i) The type-H seller transacts offline with the o = s buyer, y* > yH.

(ii) The type-L seller does not transact with any buyer, r’(y*) < 0.

Proof. (i). Note y£ > y by Lemma EC.10. We therefore consider two cases: y* > yL and y* < y£.
If y* > yL, then the platform’s revenue under commission fees is given by Rc(y*) = ur¢(y*)
(Lemma EC.11). Then

Ry =pr(y*) < ur*(y*) < ullfl <R, (EC.141)
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where the equality follows by Lemma EC.11 because y > y~, and the next three inequalities follow
from Lemmas EC.13, EC.20, and EC.19, in order. Now suppose y* € (y, yL]. Then there are two
further cases to consider: y* <y and y* >y,

Case I: y* < y#. Note by Lemma EC.11 the platform’s optimal commission revenue in this case is
given by R = ur¢(y*) + (1 - wrb (y*)*. We show R(. < R}, by first establishing upper bounds on

rP(y*) and r¢(y*). First, for 7’ (y*) we have

2oy = LY [ 022(1 —w)?\ _ syt _auny” _auns
4 7 (1-y)? 4 4 8

For r¢(y*),

2
rc(y*)=nr7*q1{(l—((l_ﬂ)c+ 159 ) )

4 2qul  4qu{
* 201 _ 12
Yigu (-4
4 e
Y CIH(l_(l_/l)C)z.g
-4 qué 7
2
Sg qH 1_(1—/l)c ,
7 16 qud

where the second line follows by setting ¢ = 0, the third line from (EC.138), and the final line

follows because y* < y" = % and 1, < % Combining the bounds above, we can then write

pre () + (1=’ (y* ) < p- g : C{—g (1 -

(1-2)c)’ qLs
v )+(1—#) g

In the first inequality, we used the fact that x + y < 2 max{x, y} for any non-negative x and y. This

completes the proof for the case y* <y,
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Case II: y* > ¥, In this case, the platform’s revenue is given by R.=(1- w)rb (y*)*. Then we
have

Re=(1-pr’(y") < (1- I <y <R},
where the first and third inequalities follow from Lemmas EC.20 and EC.19, respectively.
(ii). Because r”(y*) <0, only the type-H seller transacts online. Note that if 7°(y*) < 0 implies
y* < yH, otherwise the platform’s commission revenue is zero. Then there are two cases to consider:
y* <yH and y* >y If y* <y, then by Lemma EC.11 the platform’s commission revenue is

R.(y") = ur*(y*). Then we have
Re=pr(y") < ulll < RY, (EC.142)

where the first and second inequalities follow from Lemma EC.20 and EC.19, respectively. If
y* >y, then Rc(y*) = ur¢(y*), and

R =pr¢(y") < pr(y") < ullff <R},
where the first, second, and third inequalities follow from Lemmas EC.13, EC.20, and EC.19,
respectively. O
Lemma EC.22. Define [i = Hé/l’[gl. If the inequality R}, < R(. holds for some u # fi, then it also
holds for u = fi.

Proof. To make dependence on u explicit, we write R/.(u), R} (1) and y*(u) to denote the
platform’s optimal revenue under commission fees, optimal revenue under access fees, and optimal
commission rate, respectively. We also let R¢(y, i) be the platform’s commission revenue for fixed
y and optimal «, where R(.(u) = Rc(y* (1), p).First, suppose R}, (1) < R;.(u) for some u # . We
show R’ (1) < R{.(/1) must also hold. We consider two cases: p > [ and u < fI.

Case I: u > fi. Note

Re(A) =Re(p) + R (A) — Re (1)
> Re(1) + Re (¥ (p), 1) — R ()
= Re-(w) + Ar® (v () + (1 = w)r’ (v () * = Rg-()
= RE () + (= )r (v* () + (= )r’ (v ()"
> Re () + (4 — I
=Rc(p) + R, (1) — Ry (1)
> Ry (A).
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The second line follows by optimality of y*(4) under u = fi, the third because R.(u) > R (1)
implies y* (1) < y¥ by Lemma EC.21 and thus Re (y*(w), ') = p'r (y* () + (1 = ) r® (y* (u))*
for any u’ € [0, 1], the fourth by expanding R.(u), the fifth because r“(y) < Hg for any y <" by
Lemma EC.20, and because (u — 2)r” (y*(u))* > 0, the sixth because R (p) = Hg’ for all 4 > i by
Lemma EC.19, and the seventh because R, (1) < R(.(p) by assumption. Therefore, R’ (1) < R;.(p)
for u > g implies R}, () < R;.(4).

Case II: u < fi. Following a similar argument to Case I, we have

RE(A) = Re(n) + R () - R3(p)

> Re(p) +Re(y™(w), ) — Re(p)

= Re-(u) + (= p)r® (v* () + (= r® (y* (u))*

> Re-(1)

> R} (n)

=R, (D),
where the fourth line follows because r%(y) > r?(y) for all y € [0, y™]. O
Lemma EC.23. Let fi = HOL/H(I)LI. There exists ¢ > 0 such that for each ¢ > ¢, R > R, if and only if
ue [E,ﬂ], where p € (0,01) and g € (a,1).

Proof. The proof proceeds in three steps. First, we show that the following two inequalities hold at

a=1:

2rP (y™) > 1L, (EC.143a)

2r (y™) =TI > 11k (EC.143b)

Second, we show that there exists ¢ > 0 such that R; >R, forall ¢ > ¢ at u = [i. Third, we show
the existence of the thresholds u € (0, 2) and i € (4, 1) for each ¢ > é.

Step 1. First, consider the expressions for I1§ and r?(y):

L 1 (1-wy)c 2
HO =1nsqL E - T s (EC144)

2 2
b _ nsy _ c (1 _(Us)
ry)=" (qL (=77 ) (EC.145)
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Using lim,—,1 7, =4 and lim,—,; ws = 1, we have:

y"qr  AqL
2 4

lim {2rP(y™) -T1§} = =0. (EC.146)
a—

It follows that (EC.143a) holds if @ = 1. Next, to see that (EC.143b) holds, note

2
2rt(y™") -1 = (qy—M) —~ (‘{TH (1— (1_@0) ) (EC.147a)
:qH(1_4c2(1—ﬂ)2) (q_ _a- A)C) ) (EC.147b)
4 qH
_q

- |

H((l_m— Ve 2) ( (1—A)c))

_an (2(1 ~e 501 —/l)zcz)

4 qH ‘11%1
_(1-Ac ! 5(1-2)c
) 2qn
5 a3 =De (EC.147¢)
2 29u
A
% (EC.147d)
2
> qLls (1 _ (1 _ws)c)
4 qL
=T1}.

The first five lines follow by algebra and using y™ = % and gy > 4c. The inequality (EC.147c)
follows because g7 < (1 —A1)c by Assumption 1 and (EC.147d) follows algebraically using gz > 4c.
The final inequality follows because 77, < A and because r”(y™) > 0 by (EC.143a) for @ = 1, which
implies ¢ > (1 — w)c and thus (1 - %)2 <l

Step 2. We now show that (EC.143a) and (EC.143b) imply there exists ¢ > 0 and /i such that
R{ >R at i for all ¢ > ¢. By Lemmas EC.10 and EC.11, there exists ¢ > 0 such that for all
¢ > ¢ the platform’s commission revenue is given by Rc(y) = ur®(y) + (1 — u)r®(y)*. Further,
by Lemma EC.19, under the access fee mechanism it is optimal to set @ = 1, with corresponding
optimal revenue given by R’ = max {uII{/,115}. Therefore, to show R}, > R, it suffices to find

v €10,9™] such thatat e =1,

fir (y) + (1= r’ (y)* > max {an, 1g'} . (EC.148)
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We show the inequality above holds for y =y". Note

(1-4)
2

- . ey

:gH£I+gH(§+( 2'u)
L [l

_Ho My
2 2

> RY,. (EC.149)

A d(.m ~ m ﬁ ~
art(y™) + (1= @rt (y )+>§H5’(1+u)+ I

L
l—IO

The first line follows from (EC.143a) and (EC.143b), and the second and third lines follow by
definition of /. Therefore, R*C > Rj‘ at [1.

Step 3. We now show the existence of the thresholds u € (0,41) and g € (41, 1). Fix ¢ > dand a=1.
Because R > R}, at /i and R/. — R, is continuous in g, it suffices to show R — R, =0 has exactly
one solution in y on each of the intervals [0, ) and (4, 1]. First consider the interval [0, &). Note
R’, = max{ ull?, Hé} by Lemma EC.19 and /i = Hé / Hg by definition. It follows that R, = Hé for
all u € [0, ). Next, because Ry = ur(y*) + (1 - wrP(y*)*, we must also have y* < y¥ by Lemma
EC.11. We can then write

AR R = SRR S S R R (RC.150
) aa_y {ur* o+ (1= wr* '} % () = () (EC.15D)
(") — () (EC.152)
“0. (EC.153)

where the first line follows from taking the total derivative and the second line follows because
%Hé = 0. To see why the third line holds, consider the two cases y* < y and y* = yf. If
y* <yH, then % {,ur“(’y) +(1=p)r? ()/)+} =0 at y* by the envelope theorem; if y* =y, then
%y* = %yf =0 because Y’ does not depend on u (Lemma EC.10). The final line follows because
r®(y) > rb(y) for all y € [0,y"]. It follows that R{. — R, strictly increases in u on [0, i) wherever
R{ — R, > 0. Hence R;. — R, =0 has at most one solution on the interval [0, 4). Further, note
R;. < R} for u =0 as a consequence of Lemma EC.21 and R/ > R, at /i by Step 2. It follows
that R;. — R, =0 has exactly one solution ME (0, i) on the interval [0, /). Next, we address the

interval (/, 1]. Because R’ = max{uI1}, 115} by Lemma EC.19 and /i = I1}/TI}! by definition, we
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have R}, = ,qu for all u € (4,1]. Similar to the u € [0, &) case above, it follows that R}, — R}, =
u(rt(y*) - Hg’) +(1—p)r’(y*)* and y* < y¥. Differentiating in y yields

R Ry = SRR e S (R R (BC.15
B % {ur* () + (1= wr’ (y)*} iz_f +r(y") =P (v (EC.155)
~ (%) _H(I)J_rb(y*)+ (EC.156)
<0, (EC.157)

where the second line follows because %H{){ =0, the third line follows by a parallel argument to the
u € [0, f) case above, and the final line follows because r¢(y) < H(If for all vy € [0,y™] by Lemma
EC.20. It follows that R;. — R}, strictly decreases in u on (4, 1]. Hence R/ — R}, =0 has at most one
solution on the interval (4, 1]. Further, note R, < R}, at u =1 by Lemma EC.21 and R;. > R, at
A by Step 2. It follows that R;. — R’, = 0 has exactly one solution & € ({4, 1] on the interval (4, 1].
Because R~ — R, =0 has one solution u on the interval [0, &), one solution /& on the interval (4, 1],

and R/ > R, at fi, we conclude R > R, if and only if u € [E,ﬁ]. O

EC.4.2. Proof of Proposition 4

PROPOSITION 4. Let R’ and R, be the platform’s revenue under the optimal pricing and information
policies for access and commission fees, respectively. Let Hé be the on-platform profit of a type-i
seller under a commission rate of y = 0. There exists ¢ > 0 such that the following statements hold.
(i) Suppose the switching cost is low, ¢ < ¢. Then access fees generate higher revenue than
commission fees R}, > R. for all u € [0,1].

— HL HL

(ii) Suppose the switching cost is high, ¢ > ¢. Then there exists u € (O, H—‘,’j,) and i € (H—(},, 1) such
- 0 0

that access fees generate lower revenue than commission fees R, < R if and only if the share

of type-H sellers is moderate y € [, fi].

Proof. The proof of part (i) uses Lemmas EC.20-EC.22. The proof of part (ii) follows almost
immediately from Lemma EC.23; our focus here is to show the threshold ¢ from Lemma EC.23
and part (7) of the proposition statement are the same.

(i). Fix ¢ =0. By Lemma EC.21, R} > R(. if either r?(y*) <0 or y* > yH, from which the
result immediately follows. It remains to address the case where r”(y*) > 0 and y* < yH. By

Lemma EC.22, if R}, > R holds under = i, then R, > R/. also holds for any p € [0, 1], where
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a= HL / HH . Therefore, it suffices to show R, > R/ at u =i and ¢ = 0. We consider two cases
defined by the piecewise upper bound on =2 (7) given in Lemma EC.20. First, suppose y* < 2 — V3.
Because 7”(y*) > 0 and y* < v/, by Lemma EC.11 the platform’s optimal commission revenue is

given by R/ = ur®(y*) + (1 - 1)rP(y*)*. We can then write

Re=ar(y") + (1= mr’ (y)*

9 1
<y -l + —— (1 - @)1
—77/1 0 2_7*( ) 0
*9/\ H L
9 1
~11H *
=l (77 2—7*)
<,aHH((2 \/5)9+ 1)
i 0 - p— - =
7 V3
<ﬁHg
=R},.

The relations above uses the bounds Lemma EC.20, the definition of /i, and the observation that
(y% + ﬁ) strictly increases in y on y € [0,2 — V3]. Next, suppose y* € [2 — V3,y™]. Again
applying the bounds from Lemma EC.20, we have

Re=par (y") + (1= @y’ (v
(I+y")(1-3y")
(L—y")2(1-2y*)2"°

<y*zan{ +y

.9 (1+y*)(1-3y%)
= A [y =
A Y Y =2y
g(y*)
<ﬁH§
=R},

The fourth line follows because g(y*) < 1 in the interval y € [2—V/3,9™], and the final line follows
from Lemma EC.19. It follows that R, > R, for all u € [0, 1] at ¢ =0. Next, it is straightforward
to verify that R}, does not depend on ¢ and R, is continuous in ¢. It follows that there exists $>0
such that for ¢ < ¢, R* > R for all u € [0, 1]. Statement (7) follows. In the remainder of the proof,
let ¢ be the largest threshold such that R* > R holds for all € [0, 1] and ¢ < b.
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(ii). Let g = % By Lemma EC.23, there exists ¢ > 0 and p € (0,2) and f € (4, 1) such that if
¢ > ¢ then R < R if and only if p € [,L_l, i]. Pick ¢ to be the smallest such threshold. It remains
to show ¢ = ¢. Suppose by way of contradiction that ¢ > ¢. Then there exists b € (o, ¢) such that
R}, < R( holds at ¢ = é for u e [ﬁ’ f]. Further, note that R}, < R/ implies y* < yH by Lemma
EC.21. Thus, using the expression for platform commission revenue (Lemma EC.11), R, < R,

holds if

Ri< max pr(y)+(1-prl(y)*. (EC.158)
ael4,1], y<yH

Next, note that because yfl increases in ¢ (Lemma EC.14), so does the right hand side of (EC.158).
It follows that (EC.158) and thus R, < R/, hold for all ¢ > $. However, this yields a contradiction

to the selection of ¢ as the smallest such threshold. We conclude ¢ = b. O

EC.5. Proofs for Section 5.2: Should Platforms Ban Sellers?
EC.5.1. Proof of Proposition 5

Before proving the main result, we first characterize the commission thresholds for disintermediation

in each period, analogous to Lemma EC.10.

LEmMmA EC.24 (Commission thresholds for disintermediation). For eachi € {L,H}, o € {r,s},
and t € {1,2}, there exists a unique threshold y" such that a type-i seller disintermediates with a
signal-o buyer in period t if and only if y > y''. Further,

(i) ¥2:=1-w, for o €{r,s}, and

il
s

(ii) y'! weakly increases in d on d € [0,1], where yi! > y2 for all d € [0,1] and y' = y?? for

d=0.

Proof. We focus on proving the main lemma statement for the type-H seller, and note the results
for the type-L seller follow by similar arguments. For (7), we assume without loss of generality that
the seller is undetected in period 1; otherwise, no transaction occurs in period 2.

(7). The result follows closely from Lemmas EC.2 and EC.4. Let p and b be an arbitrary online and
offline price in period 2, respectively. Because the game ends after period 2, the buyer’s and seller’s
surplus from transacting offline are simply p — b and w,b — (1 —y)p, respectively, which yields a
p(1—y+

Zwo_‘””). Because ¢ =0, it follows by parallel argument to

Nash bargaining solution of b, (p) =
Lemma EC.4 that both p — b, (p) > 0 and wsb,(p) — (1 —y)p > 0 hold if and only if y > 1 — w.
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(i7). The result follows by parallel argument to the proof of Lemma EC.10; we verify the main steps
here. Analogous to Lemma EC.7, it can be shown that Assumption 2 implies y/?> > y™, meaning
the type-i seller never transacts offline with the o = r buyer. Therefore, we focus on the threshold
2, beginning with i = H. In particular, we proceed in two steps: First, we show there exists y and
Y>>y such that the type-H seller transacts online with the o~ = s buyer if y < Y and offline if y > y.
Second, we show there exists a unique y € [Z’ ¥] such that the transaction is offline if and only if
y >y

Step 1. Let m? denote the type-H seller’s expected optimal profit in period 2 conditional on non-
detection in period 1, where x € {a, ¢} as per Lemma EC.3. For online price p, offline price b, and
detection probability d, the seller’s surplus from transacting offline in period 1 is w,b — dn*? —

(1 —7y)p, and the buyer’s surplus is again p — b. Solving for the Nash bargaining price yields

_ p—y+wg)+dn*?
by (p) = =5

. Analogous to Lemma EC.4, it follows that the buyer and seller both have

strictly positive surplus from transacting offline if and only if

dﬂx2

y>1-ws+ (EC.159)
Note EC.159 implies y'! =y fori € {L, H} and o = {r, s} follows. Further, analogous to Lemma

. .. x2 x2 .
EC.9, note the inequalities ¥ < 1 —wy + = and ¥ > 1 — w, + &= are a necessary and sufficient
Y > Y 7 y

condition for the transaction to be online, respectively. Next, if the type-H seller transacts online

with a o = s buyer in period 1, their expected profit over both periods is

79(p) = ((1=y)p—(1=2)c) (1 —qi) + 2, (EC.160)
H

If the seller transacts offline with the o~ = s buyer in period 1, their expected profit over both periods

is
n(p) = (1 - q%) ((1=9)p = (1 =) +ny(wbs(p) —dx? = (1=y)p)) + 72 (EC.161)

The unconstrained maximizers of 7¢(p) and 7¢(p) are then given by p¢ and p°, where

1 (I-A)c
a._ _

(1-2)c N nsdﬂxz)
4 20 )
1-y+wy

and where { =7, (1 -v)+n,—>5—". Itremains to show there exists a unique threshold yH1 such that

1
2

C

P

(‘IH+

n4(p%) < n¢(p¢) if and only if y > 1. First, define ¥ to be the largest solution to y = 1 —w; + d;’—:z.
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Because p“ increases in y and 7% decreases in v, it follows that y > % implies (EC.159) holds at
p = p“, and thus the type-H seller transacts offline with the o~ = s buyer. Similarly, define y to be

the smallest solution to

dm*? d
yelmw+ T s . (EC.162)
PC 1 (49H (I_A)C Usd
I\t 2 *t o7

Note ¢ and 7% both decrease in vy, which implies the right hand side of (EC.162) decreases in .
As a result, for any y < Y (EC.159) cannot hold at p = p¢, which implies the transaction with the
o = s buyer occurs online. We have thus shown the transaction between the type-H seller and o =s
buyer occurs offline if y > ¥ and online if  <y. This completes Step 1.

Step 2. First, note p¢ > p“ for all y € [Z’ ¥]. To see why, suppose by contradiction that p© < p for

some Yy’ € [Z’ ¥], and define

dﬂ.xZ
f(p,7)1=7—(1—ws+ )
By definition of y and y, we have f (v, p*) <0 and f(y’, p°) = 0. However, f(p,y) increases
in p for each y € (0,y™], which yields a contradiction. We conclude p¢ > p® for all y € [Z’ v].
Analogous to the proof of Lemma EC.10, we show that 7¢(p“%) — n¢(p©) strictly decreases in
yonvye€ [Z’ ], from which the existence of the unique threshold y! follows. Differentiating

7 (p*) —n¢(p°) in y, we have

i(ﬂa(l’a)—”c(l’c)):(aﬂ A +a") —(‘9” A +‘9") (EC.163)
dy op dy Oy p=pa op dy dvy p=pe
a C
_on _om (EC.164)
dy p=p* dy p=p°
a c c x2
:_pa(1—p—)+(1—@)p"(1—p—)+d(1—p—)nsaL (EC.165)
qH 2 qH qH oy
Ts c a pa
<((1=2) pe—po) (1= £, EC.1
<((1-%)r -0 [1-2) (EC.166)

The second line above follows from the envelope theorem and the third line follows from evaluating
the derivative algebraically. To see that the inequality in the fourth line holds, note 7*> decreases
iny and p© > p® for y € [y, 7], as established above. Since (1 - %) >0 and 75 € (0, 1), to show
d%(zr“ (p?) —7¢(p©)) <0 it suffices to show that 2p* — p¢ > 0. The preceding inequality follows

immediately from the observations that p¢ < g and 2p“ > g. This establishes the existence of the
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unique threshold y/!. Finally, to see that y//! increases in d, note that 7%(p) is independent of d,

and 7¢(p°) can be written as

2
) 1 (1-Ac nedr*?
n°(p°) = —— - .
(P°)=qu¢ 2" 2anl dqnl

Clearly, 7¢(p€) decreases in d wherever 7¢(p©) > 0. Because y! is the solution to 7¢(p“) = n¢(p€)
and 7%(p®) — n¢(p°€) decreases in y on y € [y,¥], yH! also decreases in d. The proof for the

threshold y£! follows by parallel argument and is omitted. O

ProposiITION 5. Let R(y*) and R (y*) be the platform’s optimal revenue under the blind eye and
banning policies, respectively. Then, there exist thresholds « € (%, 1] and @ € [a, 1) such that the
following statements hold.
(i) Suppose information quality is low a < a. Then for all detection probabilities d € [0, 1], the
banning policy generates weakly higher revenue than the blind eye policy, R°(y*) < R4(y*).
(ii) Suppose information quality is high @ > &. Then there exists d € (0, 1) such that if the detection
probability is low d € (0, d], the banning policy generates strictly lower revenue than the blind

eye policy, i.e., R%(y*) > R (y").

Proof. (i). First suppose a = % and d = 0. Then by Lemma EC.24 and Assumption 2, we have
y™ <y fori € {L,H} and t € {1,2}. Further, because y! and y/? are weakly increasing in and
independent of d, respectively, it follows by continuity of y!' and y/? in « that there exists a € (0, 1]
such that if @ < a, then y* <y fori € {L,H}, t € {1,2} and all d € [0,1] , i.e., all transactions

occur online. Then by Lemma EC.24, the platform’s revenue is given by

R(y") =2(ur*(y*) + (1 = )r’ (¥*))*, (EC.167)

where 7% (y) and r”(y) are as defined in Lemma EC.11. It follows that for & < @ and d € [0, 1], we

have

dR
dd

>0. (EC.168)
r=y*

_(0Rdy  OR
“\dy dd  dd

_[9Rdy
\ oy dd

v=y* r=v*

The second equality above follows because r¢(y) and r”(y) are both independent of d, which

implies %R =0. To see that the inequality holds, note yi! > y%? holds for all d € [0, 1] by Lemma

EC.24. Thus, there are two cases to consider: y* < min{y:2,y/2} and y* = min{y2,y/2}. If
y* <min{y%?,yH2} then aa—yR =0 holds at y = y* by the envelope theorem, and the weak inequality
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L2
s

in (EC.168) holds as an equality. If y* = min{y.?, y¥2}, then %R > 0 must hold at y = y* because
y* is the optimal commission rate. Further, by Lemma EC.24 both y%? and y/? weakly increase in
d, which implies %7* > 0. The inequality in (EC.168) again follows.

(ii). First suppose a = 1 and d = 0. Then by Lemma EC.24 we have y* >y =0 fori € {L,H}
and t € {1,2}, i.e., all transactions with o = s buyers occur offline. It follows by continuity of y’
in @ and d that there exists @ € [a, 1) and d > 0 such that y* >y’ fori € {L,H} and t € {1,2} if
a > @ and d < d. Note that y* >y’ fori € {L, H} and ¢ € {1,2} implies the platform only extracts
commissions from type-H sellers. Further, type-H sellers are banned after period 1 with probability
d only if they transact with a o = s buyer in period 1, and thus the probability a type-H seller is
undetected following period 1 is 7, + n5(1 — d). It follows from Lemma EC.24 that the platform’s

revenue for @ > @ and d < d is

R(y") =pur (y") + u(m, +ns(1 =d))r°(y"), (EC.169)
where
. . pe 1 (1-2)c nsdnxz)z
—yn,p (1= =) =yn,.qy |~ - . EC.170
r‘(y)=ynrp ( qH) Yn qH(4 ( ant + dand ( )

It follows that for @ > @ and d < d,

ORdy" R
8y dd = ad

dR
dd

_0R
Y

<0.

r=v*

c ore
=|—unsr(y) +p(1+n,+n,(1-d))
ay 'y:'y*

(EC.171)

y=v* y=v*

To see the second equality above, note that if y* =", then %y* =0, and if y* < y" then aa—yR =0

holds at y = y* by the envelope theorem. The strict inequality follows because a%r“ < O by inspection

of the expression for r“(y) in (EC.170). Because R(y*) strictly decreases in d on d € [0,d],

statement (i7) follows. O

EC.6. Repeat Interactions with Returning Buyers

Our main model examines disintermediation in a single-shot setting where sellers transact with a
given buyer at most once. In practice, sellers may interact with the same buyer repeatedly, allowing
them to learn the buyer’s type from earlier transactions. In this section, we consider a dynamic
variant of our main model, in which sellers form beliefs about buyers’ types through an initial
transaction, instead of through the platform signal. The purpose of this section is to establish that

our main insights hold when information about buyers is transmitted in this alternative manner.



e-companion to Sekar and Siddiq: Platform Disintermediation ec51

EC.6.1. Model Setup

Formally, we consider a two-period model where each seller is matched to the same buyer in both
periods, and a share 1 — A of buyers are type-r (i.e., risky). As before, type-s buyers impose the
transaction cost ¢y = 0 on sellers. However, in contrast to our main model, the transaction cost
imposed by type-r buyers is stochastic in each period, where ¢, = ¢ > 0 with probability p € [0, 1]
and ¢, = 0 with probability 1 — p. As a consequence of this cost structure, when the realized
transaction cost is ¢, the seller immediately learns the buyer is type-r; when the realized transaction
cost is 0, the seller’s posterior belief that the buyer is type-r is % (see Lemma EC.25).
The parameter p thus captures sellers’ ability to learn - as p increases, sellers form stronger
posterior beliefs and can distinguish buyer types more accurately. To isolate the effect of the learning
parameter p, we assume the platform’s signal is uninformative (o = %).

At the beginning of the horizon, the platform sets the commission rate y. Each seller then commits
to an online price p for both periods, and is randomly matched to one buyer. In each period, a seller’s
choices are to transact online, offline, or not at all. If the seller rejects the buyer in period 1, they
earn zero profit and are not matched to a new buyer. This setup assumes that a seller’s decision to
complete a follow-up transaction with a buyer is independent of potential matches with new buyers
(for example, in freelance marketplaces, sellers typically juggle multiple projects simultaneously,
so the possibility of future contracts does not impact transactions with current buyers). We adopt
notation from the main model and re-define o to denote the signal generated by the period 1
transaction, where the seller observes o~ = r if the realized transaction cost from period 1 is ¢ > 0
and observes o = s if the realized cost is 0.

To facilitate our analysis, we make two assumptions that are analogous to Assumptions 1 and
2 from the main model. First, we again assume that the two seller types are well-separated with

respect to their quality level:

2(1-H)(2-p)p
“(-mp ©PCY

AssumpTION EC.1. The seller qualities satisfy gy > 4c and qr €
The above assumption implies that the type-H seller transacts with all buyers, whereas the type-L
seller always rejects the o = r buyer. In addition, we impose the requirement the quality level of
the type-L seller is high enough to guarantee that this seller transacts on the platform in period 1
for every value of y € [0,y™]; this assumption precludes the less interesting case where only the

type-H seller participates. We also impose an assumption that allows us to focus on the case where

sellers do not disintermediate prior to forming a belief about the buyer’s type (i.e., in period 1).
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AssumpTION EC.2. The maximum commission rate Y™, share of type-H sellers A, switching cost ¢,

and type-H seller quality qp satisfy the inequality y" <1 - A+ (;iH

Assumption EC.2 is similar to Assumption 2 from the main model, and similarly implies that sellers
do not disintermediate with o = r buyers.

Although we assume the learning parameter p to be exogenous, in practice it may be impacted
by platform design decisions. For example, in the context of freelance marketplaces like Upwork,
a low value of p may be the result of features that smooth out differences in how buyers interact
with sellers, including customer support, a common structure on job postings, or Al-assisted
communication (Upwork 2024a). Similarly, a high value of p may correspond to a less regulated
environment in which sellers can more accurately screen buyers, as a consequence of risky buyers
being more likely to “reveal” themselves. Note that p plays a similar role to @ from our main model,

since it captures the accuracy with which sellers can learn buyers’ types.

EC.6.2. Seller Learning and Platform Revenue

With repeated interactions, it is natural to expect the threat of disintermediation to depend on the
accuracy with which sellers can infer buyers’ types from an initial transaction. To the extent that
platforms can influence seller learning (e.g., through features or policies that change how buyers
and sellers interact), it is valuable to understand the impact of the sellers’ learning parameter p on

platform revenue.

ProprosiITION EC.1. Suppose the switching cost is ¢ =0. Then there exists 1 € [0,1) and p € [0,1)
such that if the share of type-H sellers is large pu > [i, the platform’s optimal revenue R(y*) strictly

decreases in the learning parameter p on p € [0, p) and strictly increases in p on p € (p, 1].

All proofs for this section are in Section EC.6.4. Similar to our prior results, the non-monotonic
behavior in Proposition EC.1 can be understood by considering the effects induced by a change in
the learning parameter p, which we briefly outline. When p is small (p < p), sellers cannot easily
identify safe (type-s) buyers, leading all transactions to occur online in equilibrium in both periods.
In this case, an increase in p increases the threat of disintermediation, which degrades the platform’s
pricing power and lowers revenue. However, when p is large (p > p), sellers disintermediate in
period 2 with the zero-cost buyers (which consists of both type-r and type-s buyers), but transact
on-platform with the costly buyers (consisting only of type-r buyers). In this setting, further

increases in p allow sellers to identify type-r buyers with increased accuracy and avoid transacting
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off-platform with them, which increases on-platform transaction volume and boosts revenue. In
summary, although the ability to screen buyers is necessary for disintermediation, Proposition EC.1
suggests that in settings where sellers already transact off-platform (large p), further improvements

to seller learning can help revenue by stemming the flow of any additional disintermediation.

EC.6.3. Optimal Commission Rate

We conclude this section by showing that a variation of our main result from Proposition 1 holds

when sellers learn through an initial transaction instead of via the platform signal.

ProprosiITION EC.2. Let y*(¢) be the optimal commission rate under switching cost ¢. There exists
¢ >0 and p € [0,1) such that for any p > p and ¢ > ¢, the optimal commission rate is higher in

the absence of switching costs, y*(0) > y*(¢), where the inequality is strict if y*(¢) < y™.

Proposition EC.2 mirrors Proposition 1(ii) by showing that in a disintermediation-prone envi-
ronment (i.e., no switching cost and high p), it is optimal for the platform to “double down" on
the on-platform transactions - that is, choose a commission rate higher than the corresponding rate

when there is no disintermediation. The intuition follows similarly to our discussion in Section 3.1.

EC.6.4. Proofs

This section contains the proofs for Propositions EC.1 and EC.2. We first provide some supporting

lemmas that are analogous to those presented in Section EC.1 for the main model.

Preliminary Results First, Lemmas EC.25 — EC.29 below characterize the relevant probabil-
ities, commission thresholds for disintermediation, the sellers’ profit functions, and the platform’s
revenue function. These results are analogous to those presented in Section EC.1 for the main

model; the proofs follow similarly and are omitted to avoid repetition.

LemmA EC.25 (Signal probabilities and sellers’ beliefs). The following statements hold for o €
{r,s}.
(i) The probability a seller receives the signal o following the period 1 transaction is 1., where
Ny :=Ad+ (1= (1-p)andn, :=(1-2)p.
(ii) The seller’s posterior belief that a buyer with signal o has true type j = s is ws, where
wy :=A/ns and w, :=0.

(iii) The probability a buyer with signal o pays the seller if transacting offline is w,-.
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Lemma EC.26 (Disintermediation thresholds fixed p). Let Assumption EC.2 hold. In period 1,
all transactions occur online for all y € [0, y™]. In period 2, given an online price p > 0, both seller

types transact offline with the o = s buyer if and only if y > V5(p), where

vs(p) :=1—ws+£
p

and the offline price is given by

p(l-y+ws)+¢
2w '

bs(p) =

Further, neither seller transacts offline with the o = r buyer in period 2 for all y € [0,y™] and

p>0.

Lemma EC.27 (Sellers’ profit and price cases). Fix the commission rate y and consider a unit
mass of sellers with quality q and online price p < q. Let I1(p) be the sellers’ profit and let p be
the maximizer of T1(p).

(i) If the sellers transacts online in period 2 with both o =r and o = s buyers,

M(p)=7(p) :=2((1 =y)p - (1= )pc) (1 - g) (EC.172)
p=p° :=%(q+%;ﬁ)). (EC.173)

(ii) If the sellers reject o =r and transact online with o = s,

(p)=n"(p):=((1-y)p— (1= )pc+n,((1-y)p— (1 - w,)pc)) (1 - g) (EC.174)

ﬁ:pb:l(w pc(1-)(2-p) )
20 (=-ynQ2-(-2p)]

(iii) If the seller transact online with o =r and offline with o = s,

(EC.175)

I(p)=n(p):==((1=y)p - (1= Dpc+ns(wsb - (1 -ws)pc—¢) +n,((1-y)p - pc)) (1 - g)
(EC.176)

|
p=p‘= 5 (q + (EC.177)

4p0(1—/1)+¢(1—(1—/1)p))
(1-y)B+1-Dp)+

(iv) If the sellers reject o =r and transact offline with o =,
M(p)=n"(p) = ((1 =y)p = (1 = D)pc+n5(wsb = (1 - w;)pc = ¢)) (1 - ;—7) (EC.178)

5o pd . ] ( +2p0(1—/1)(2—p)+¢(1—(1—/1)p)).

(1-9)B3=-(1=-Dp)+A (EC.179)
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Lemma EC.28 (Disintermediation threshold and platform revenue). For each seller type i €
{L, H}, there exists a unique threshold y'. such that the type-i seller transacts offline with the o = s
buyer if and only if y > y'. Further, y? <L forall >0, and y# =yE =1 - w; if ¢ = 0.

LEmmA EC.29 (Platform’s revenue function). Let p* for x € {a, b,c,d} be as defined in Lemma
EC.27, and define

F(y) = 2y (1 _P_“), (EC.180)
qH
b
b (y) ::y(1+/l+(l—/l)(1—p))pb(1—5—), (EC.181)
L
r(y) :=7(1+(1—ﬂ)p)pc(1—5—c), (EC.182)
H
d
() ::ypd(l —p—). (EC.183)
qr

Then the platform’s commission revenue is given by R(y), where

pri () + (1= wrP(y)*  ifyel0,y]],
Ry) = pure )+ -wr*m*  ifye iyl (EC.184)
pre )+ A =@wriy* ifye (vl
and x* = max{0, x}.
Proof of Proposition EC.1 Before presenting the proof of Proposition EC.1, we first present

Lemmas EC.30 and EC.31 which describe useful properties of the platform’s revenue function

and the optimal commission rate, respectively. For the remainder of Section EC.6.4, define y* :=
argmax,cjo.1) " (y) and y* 1= argmax, (o ym) {ur* (y) + (1 —)r’ (y)}, where x,y € {a, b, c} and
the r*(y) functions are defined in Lemma EC.29.

LeEmmA EC.30 (Revenue function properties). For any vy € (0, %] and A € [%, 1), (i) r*(y) and
P (y) both strictly decrease in p on p € [0,1], and (ii) r°(y) strictly increases in p on p € [0, 1].

Proof. (i). First note for any y € (0,y™],

o' 9 [y (c(1-Dp)*\| _ (-1
9p ‘%{5(‘”’_ qn(1-7)? )}‘_ —%an I
For r’(y), we have
o’ 9 [y (c(1-2)(2-p)p)?
G =ap 4 - -m - ) (HEI50



ec56 e-companion to Sekar and Siddiq: Platform Disintermediation

A(1-122-p)p (8+3(1-)p*-2(5-2)p)
qr(1-y)?(2-(1-2)p)?

=

g (1=2) - (EC.187)

S b~

-

(EC.188)

where the strict inequality follows because p € [0, 1] and A € [%, 1]imply 8+3(1-2)p% > 2(5-2)p.
Thus, 7*(7y) and r”(y) both strictly decrease in p.

(ii). To prove the result, we first show that %rc >0 at p = 1. We then show ;—;W <0 for all

o € [0, 1], which implies %rc > ( for all p € [0, 1]. To begin, note

oy 8 (de1- Dp)”
35 "7 '%{(1+(1—/1)P) (qH—qH((l_y)(3+(1—/l)p)+/l)2)}

vl o (4e(1 - )p)? )_ i (32c2(1—4>2<3<1—y>+ﬂ>p ))
‘4((1 ”("H (=9 Gr-vp ) TV G —yp )
(EC.190)
2(1-)23B(1-y)+)p ))
(=9 G+(-Dp+27))”
(EC.191)

(EC.189)

((1-2)p)°
(1=y@+1=-Dp)+1)?

>ye(-a1- ==

where the third line above follows because %rc increases in gy and gy > 4c¢ by Assumption EC.1.

Then substituting p =1,
or¢
ap

Next, it can be shown algebraically that (EC.192) holds if g(y) > 0, where

>ye(1-21- (-2 )_(2_1)(2<1—ﬂ>2<3<1—y>+a>))‘

(1=7)(4-1+a)? (1-y)@4-D+2)°
(EC.192)

p=1

g = (1= (1= @ =D+ 02 = (1 =02} (1=7)(4=D+D) - 2=) (2(1 = )2B(1 =) + )

0

. . . 92 .
With some effort, it can be verified that 3,78 > 0 and hmy_) 13y

g <0, which together imply
g(y) strictly decreases in y on y € [0,y™]. It is straightforward to verify that g (y™) > 0O because
Ae [%, 1) and y™ < 1. Tt follows that g(y) > 0 for all y € [0,y"]. Therefore, %rc >0atp=1.1t

remains to show aa—;rc < 0. Following (EC.191), we have

ore

; 276((1_/1)(1_ ((1-2)p)°

(1=y)B+(1=-2)p)+1)?

)_(H(l_ﬂ)p)( 2(1-D*(B(1=9) + Vp ))

(1=7@+(1-2)p)+2)°
(EC.193)



e-companion to Sekar and Siddiq: Platform Disintermediation ec57

(1-)p)? ( 2(1- D) (B(1 =)+ )p ))
= 1- 1- —(1 1-
vel ”( (=pGr-vp+n2 TV G- np )
(EC.194)
(1-2)p )
= 1- 1- -k EC.195
vel ”( (=pG+a-Dp+0? 1) (EC.193)
=yc(1-2) (1-h(p)-k(p)), (EC.196)
where
k(p) = (1-Dp((1= ) B+ (1= Dp)+ D) +2(14 (1-Vp)B(1 )+, (EC.197)
h(p): 1-bp (EC.198)

(1= B+(1-Dp)+)3
Observe that k(p) weakly increases in p for all y € [0, %] and 1 € [%, 1]. It remains to show A (p)

also increases in p. Note

oh _(1=-D{((=y)B+A=-Dp)+)=3p(1=y)(1-D)) _ (A-HEUA=y)+1=-2p(=y){U=-D) _

ap (1-y) B+(1-p)+)* (1-7) B+(1-p)+)*
(EC.199)
where the inequality follows because y € [0, %] and 1 € [%, 1]. The result follows. O

LemmA EC.31 (Optimal commission rate). Suppose that i =1 and ¢ = 0. Then there exists p €
[0,1) and p € (p, 1) such that y* > yZ if p > p, y* =y if p € [p, p, and y* =y™ if p < p.

Proof. Note y is continuous and decreasing in p and lim,, 0 yH =1-2>y™. It follows that there
exists p € (0, 1] such that y < ™ if and only if p > p. Therefore, if p < p, then platform revenue
is given by R(y) =r%(y) for y < y™. Because r?(y) strictly increases in y (Lemma EC.12), we
have y* =y" for p < p, as desired. The remainder of the proof addresses the interval (B’ 1]. We
focus on showing there exists p € (p, 1) such that y* > yH if and only if p > ; we later strengthen

this result to show y* =y if p € (p, p]. For u = 1, the platform’s revenue is

ri(y) ify<yH,
R(y)= ’

re(y) ify >yl

Next, for convenience define the function

h(p) := max r°(y) — max r(y), (EC.200)
yzyi! y<yi!

2
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Note y* >y if and only if 2(p) > 0. To see why, note y* >y immediately implies /(p) > 0 by
definition of R(y). For the reverse direction, it is straightforward to show r*(y) > r¢(y) for all y €
(0,9™], meaning r°(y) cannot attain its maximum over y > yZ at y = y#. Thus, h(p) > 0 implies
y* > yH. It remains to show there exists p € (/_), 1) such that 4(p) > 0 if and only if p > p. Note
for fixed y, r¢(7y) strictly decreases in p and r“(7y) strictly increases in p (Lemma EC.30). Further,

yH strictly decreases in p. It follows that max y1 () strictly decreases in p and max,, _,n r(y)

y<
strictly increases in p. Hence, h(p) strictly increases in p. Further, because lim,,, yH =™ and
lim,, yf =0, we have limp_>£ h(p) =—max,<,m r*(y) <0andlim,_,; h(p) =max,>or°(y) > 0.
It follows that there exists p € (p, 1) such that 2(p) > 0 if and only if p > p. We conclude y* > yHif
and only if p > p. Lastly, note that p € (p, p] implies y* = argmax,, ., nr“(y). Using the expressions
in Lemma EC.27, it is straightforward to show r%(7y) strictly increases in y. It follows that y* =y
for p € (B’ o]. |
PropPosITION EC.1. Suppose the switching cost is ¢ =0. Then there exists fi € [0,1) and p € [0, 1)
such that if the share of type-H sellers is large u > fi, the platform’s optimal revenue R(y*) strictly

decreases in the learning parameter p on p € [0, p) and strictly increases in p on p € (p, 1].

Proof. The proof largely follows from Lemmas EC.30 and EC.31. Let u = 1, and let o be as defined
in Lemma EC.31. First suppose p < §, which implies y* = min{y,y™} by the statement and proof
of Lemma EC.31; we consider y* =y and y* =y separately. By Lemma EC.28, y* =y implies
the platform’s optimal revenue is R(y*) = ur®(y*) + (1 — u)r?(y*)*. Then, for p € [0, 5] we have

R Rdy? OR
dR :(i_7s+iJ (EC.201)
dply—y- \Oy dp  0p)|,_yu
or¢ 0 b d H or® o b
:(@;r +(1—y)”) 7S+(ﬂ r +(1—uylL)) (EC.202)
oy oy | dp ap ap ) ,=ym
or 0 b d H
(s -opZ | D) (EC.203)
9y 0y | dp ly—yu
where the strict inequality follows because %r“ <0 and %rb < 0 by Lemma EC.30. It remains to
show
or art\ dyf
AR R i <0. (EC.204)
oy oy ) dp ly—yn

Because ¢ =0, we have ¥ = 1 — w; by Lemma EC.10, which implies

d y  (1-22
" T U—(—np2
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Further, because (,u% +(1- y)%) > 0 must hold at y = y*, we conclude that (EC.204) holds.
Therefore, R(y*) strictly decreases in p for p € [0, p) if y* = y. The case where y* = y™ follows by

a similar argument, where the condition (EC.204) (with ™ in place of y) holds trivially because

d
dp

v™ =0. We conclude R(y*) strictly decreases in p for p € [0, p). It remains to show that R(y*)
increases in p on (g, 1]. By Lemma EC.31, p > p implies y < y*, and thus R(y*) = ur¢(y*).
Therefore, we have

o ore
y=y* - dp

= /1 ( +
y=y* dy dp 0p
To see why the second equality holds, consider two cases: y* =" and y* < y™. If y* =", then

%y* =0; if y* <™, then %rc =0 at y = y* by the envelope theorem. Finally, the strict inequality

follows because %r" > (0 by Lemma EC.30. We have thus shown R(y*) strictly increases in p on

p € (p, 1] for u = 1. The existence of the threshold & < 1 in the proposition statement then follows

> 0. (EC.205)

r=y"

orc dy* Or“’)

dp

by continuity of %R (y*) in u. O
Proof of Proposition EC.2

ProPosITION EC.2. Let y*(¢) be the optimal commission rate under switching cost ¢. There exists
¢ >0and p € [0,1) such that for any p > p and ¢ > ¢, the optimal commission rate is higher in

the absence of switching costs, y*(0) > y*(¢), where the inequality is strict if y*(¢) < y™.

Proof. Note by Lemma EC.29, the platform’s revenue is

pri(y)+ (L= pr*(y* ity (0,51,

R(y)=qur¢(y)+ (1= w)r’(y)*  ifye (yH,yL], (EC.206)
pre(y)+ (L—wri(y)* ify e (yEy™].

Further, by Lemma EC.28, we have y =yL =0 at ¢ =0 and p = 1. By continuity of y and yL in
p, it follows that there exists p € [0, 1] such that y* = min{y“?,y"} if $ =0 and p > p. Similarly,
because y/ strictly increases in ¢ (Lemma EC.28), there exists ¢ > 0 such that y* = min{y“?, y"} if
¢ > ¢. Because y*® does not depend on ¢, it remains to show there exists 5 > p such that y** < y¢¢
if p > p and ¢ =0, which we do in four steps. First, we define four auxilliary functions, ¢*(y)
for x € {a, b, c,d}, which have the useful property that £*(y*) = 0. Second, we show there exists
p € [p,1) such that £4(y) < ¢°(y) for all y € [0,y™] if p > p. Third, we show £’ (y) < ¢%(y) for
all y € [0,%™] and p € [0, 1]. Fourth, we combine the first three steps to prove the proposition

statement.
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Step 1. Fix ¢ =0. We begin by defining four auxiliary functions £4(y), €”(y), €¢(y), and £%(y).
Note differentiating r“(7y) in 7y yields

ar _ 9 [ (qu (pc(1=0)\| _qu |, (pc(1-2)* (1+y)
5| (7-m)}—7(1- Z '<1-7>3)’ D
e (y)
where £%(y) is defined as shown in (EC.207). Similarly, for r’(y),
ot 9 Jq2-(1-1p) [ (c(1-DQ2-p)p)* v
o’ _9 _ . EC.208
dy 07{ 4 (7 g7 (2-(1-2)p)? (1—7)2)} ( :
qL(2—(1-2)p) (c(1=-D)(2-p)p)* (1+y)
_ - . . EC.209
4 ( g2 (2—(1-2)p)? (1—7)3) ( :
b (y)
For r¢(vy),
o0 (qn (41 - Dp)* y
af@{?“*“‘”p)(“ Z '((1—y)(3+(1—z)p>+a>2)} (He210
_H ey |1 Be=Dp)?  (+y)B+(1-Dp)+A | ECA1L
g i=e 7 (=G +U-Dp+ A (Be21D
e (y)
Lastly, for r¢(y),
or' 9 Jqr | Qe(1-)(2-p)p)’ 0%
o _ 9o jar( _ . c212
o ay{4(y 2 ((1—y>(3—<1—ﬂ>p)+a)2)} e
2
[, Qe1-DC=p)p)? _(14nG-(1-Dp)+d | s
4 ( q; (I=y@B=(1-2)p)+)? ( :

£ (y)
Further, note for x € {a, b, c,d} we have *(y*) =0.
Step 2. We now show there exists p € [P, 1) such that £%(y) < £¢(y) for all y € [0,y™] if p > p.
Using the expressions given in (EC.207) and (EC.211), note ¢“(y) < ¢“(7y) holds if and only if
(pc(1=2)* T+y _ (4c(1-Dp)* (1+y)B+(1-)p)+a

2 0= & (=nG+U-0p)+ )
or equivalently, 4(y) < 0, where
_16((1+y)(3+(1-2)p)+1) 1+y
T ((=NG+I-Dp)+)P  (1-7)¥

(EC.214)

h(y)
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It remains to show that for any y € (0, y™], h(y) <0if p > p for some p € [p, 1). First, observe that

(I+y)(4-D)+A1 I+y
(1-@E-D+)3 (1-y)3
L ley D+ 1+y
-y (E- A (=)
l+y (4-21)+4 I+y

(1-7)3 ((4-D)+)3 (1-y)3
I+y 1 1+y

(1-9)342 (1—y)?

lim A(y) = 16
p—1

<16

=16

=0,

where the strict inequality follows because y € (0, y™]. We also have

on _ 32(1-24) (1=y>)B+(1-2)p)+A(1-2y)) 0
op (1=y)B+(1-)p)+1)* =

where the inequality follows because y € [0, %]. We have thus shown that for any y € [0,y™],
h(y) strictly decreases in p and lim,_,1 A(y) < 0. It follows that for each y € [0,y"], there exists
o(y) € [0,1) such that 4(y) < 0 and thus £4(y) < £°(y) if p > p(y). The result follows by choosing
p to be the larger of max, > p(y) and the threshold p defined at the beginning of the proof.

Step 3. The proof is similar to Step 2. Using the expressions from (EC.208) and (EC.213), it can be
shown that £2(y) < ¢4 (y) holds if and only if g(y) < 0, where

_ M+ G=(1=Dp)+d) _ 1+y
(1=-@B-(1-Dp)+A)3 (1-y)3

We show that for any y € (0,y™], g(y) <0 for all p € [0,1] and A € [%, 1]. We first show g(y)

g(y)

decreases in A. To see this, note

0g_ 0 4 C(1+9B-(-Dp)+d 14y
5_84{«1—7)(3—(1—1)/»)”)2 (1=9)(3-(1-Dp) +A) (1_y)3} (EC215)
_9 4 (149G - (1=)p) +4
_5/1{((1—7)(3—(1—/1)p)+/l)2} (1=9)(3=(1=2)p) + 1) (EC.216)
4 o [ (1+yB-(1-Dp)+4a
+((1—7)(3—(1—/1)p)+/1)2’3_/1{((1_)/)(3_(1_/1)p)+/1)} (EC.217)
: Op) (EC.218)

) (1= B-1-Dp)+)2 (1=~ (1-1)p)+2)?
<0. (EC.219)
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The first strict inequality above follows because (1 —y)(3 — (1 —A)p) + A strictly increases in A,

which implies 5% { < 0. Because g(7y) strictly decreases in A, plugging in 4 =0

4
((1-y)(3=(1-2)p)+2)* }
yields the upper bound

g(y) <

40+y)B-p)  l+y _ 14y ( 4 _1)<0
(1-n@=-p)* A=y A-9’\G-p?* |~

forpe[0,1] and A € [%, 1]. We have thus shown g(y) < 0, which implies £°(y) < €9 (y).

Step 4. We now complete the proof by showing y?¢ > y® holds for ¢ =0 and p > 5. Analogous to
Lemma EC.12, it can be shown that r*(7y) is strictly concave in y for x € {a, b, ¢, d}. It follows that
ur®(y) + (1= w)rb(y) and urc(y) + (1 — u)r?(y) are both strictly concave in y. Therefore, to show

¥4 >y it suffices to show

8r ) d)
ﬂ —
87 oy

> 0. (EC.220)

y=yeb

Using the expressions for €4(y) and £?(y), it is straightforward to verify that y” < y*. Further,
because r¢(y) and r”(y) are both strictly concave, we must have y” < y* < y¢. By Step 2, we
have y¢ < y¢ for p > p, which implies y** < y¢ and thus r >0 at y =y for p > p. Therefore,
(EC.220) follows immediately if Er >0aty= 7"b . It remains to show (EC.220) also holds when
%rd <0aty=y. By Step 2, for each y € (0,y™] we have £%(y) < £¢(y) for p > p. It follows that

orc/oy 1+(1-Dp t(y) 1+(1-p

= : EC.221
813y 2 ety 2 ( )
Similarly, by Step 3 we have £”(y) < ¢%(y) for any y € (0,y™], which implies
ar?/dy 1 t4(y) 1
= : . EC.222
arjay 2-(1-Dp (y)  2-(1-Dp (FC222)
We can now write for p > p,
(9 ¢ d ar* 1+(1-2)p or? 1 )
+(1—p)— > . +(1- .
Hay T=H) 7) b (“ oy 2 S WL Yy gy s
(EC.223)
1+(1-
> 1+ =Up ( o a —u)ai) (EC.224)
2 0)/ y:,yah
>0, (EC.225)

where the strict inequality follows from applying (EC.221) and (EC.222) and noting that y*® <

v¢ < y¢ implies 66—77’“ >0 and ;—yrc > 0 at y = y“?; the second inequality holds because M >
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m for all 1 € [%, 1] and p € [0, 1], and because y* < y“? implies %rb <0 aty=1y;and
the final inequality follows by definition of y*’. Because y* = min{y“?,y™} for all ¢ > ¢ and
y* =min{y“?, y"} for ¢ = 0 as established at the beginning of the proof, we conclude y*(0) > y*(¢)

for all ¢ > ¢ and p > p. Finally, to see that the inequality is strict wherever y*(¢) < y™, note
v (¢) <y™ implies y*(¢) = y** <min{y“?,y"} = y*(0). 0



