Online Appendix: Should platforms be allowed to sell on their
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Andrei Hagiu!, Tat-How Teh?, and Julian Wright?

A Possibility of reselling S’s product

In the main text we have assumed that whenever M sells itself, it sources its own in-house offering
directly at zero marginal cost. An alternative arrangement is M has an additional option of obtaining
S’s product at the wholesale price w.

In what follows, we show that the implications of banning dual mode derived in the baseline model
of the main text continue to hold with this alternative arrangement. To distinguish between these two
versions of products sold by M’s seller component, we use p!, to denote M’s retail price for the in-house

offering and pJ, to denote its retail price for the product obtained from S.

A.1 Seller mode with reselling of S’s product

Obviously, the analysis of the marketplace mode in the main text is unaffected. Let us consider the seller
mode where the timing is: (1) S sets the wholesale price w; (2) M chooses whether to resell S’s product
(in addition to M’s in-house offering); and (3) M, S, and fringe sellers compete in retail prices.

For any given wholesale price w set by S at stage 1, there are two possible equilibria in the subgame.
In the first equilibrium, M sells its own product only. This equilibrium exists only when w > A. The
second type of equilibrium involves M selling S’s product. This equilibrium exists only if w < A. We

can derive the following overall equilibrium:

Proposition A.1 In the overall equilibrium, S sets the wholesale price w = A and M resells S’s product.
In the mized-strategy pricing equilibrium, M sells S’s product at price p3¥ distributed according to c.d.f

F,., where

p(A+c+b—pp)

Fon (o) =1 = (1—p) (pgr —b—w)

forpyr € e+ puA+ (w—c)(1—p)+bc+db+ A],

and set pi* > c + b for its in-house product. Meanwhile, S’s outside price p}; is distributed according to
c.d.f F,, where

pi—w+b

E, (5f) = 1 — Bremwutd g pr e o4 pA + (w—)(1 — p), e+ A)
ool = 1 for pi>c+ A

Equilibrium profits are TI**! = (A +c—w)u +b) (1 — p) and 7" = pA + (w — ¢)(1 — p).
Proof. The analysis of this model is the same as the one in Section G.3. =

Intuitively, it is profitable for S to sell to M in stage 1 as doing so relaxes the subsequent cross-
channel competition in stage 2. This is because in the pricing subgame S would partially internalize M’s

sales.
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A.2 Dual mode with reselling

We have the following timing: (i) M sets the fee 7 and S sets the wholesale price wj; (ii) after observing
7 and w, M chooses whether to resell S’s product (in addition to M’s in-house offering); and (iii) S
decides whether to participate, and then all parties compete in prices.

For each given 7 and w, consider stage 3. Suppose M has chosen to resell S’s product. If S does not
participate, then the subgame unfolds as in the seller mode analyzed in the previous subsection, and S’s
profit is m = pA + (w — ¢)(1 — p). If S participates, it can be shown that S’s profit is weakly lower than
A + (w —¢)(1 — p) for all 7 and w.* Tt follows that S does not participate after knowing that M is
reselling its product. Suppose instead M has chosen not to resell S’s product, then the subgame unfolds
as in the original dual mode of the baseline model in the main text.

In stage 2, if M’s chooses to resell S’s product, its profit is II = (A +c—w)pu+b) (1 —p). If it
chooses not to resell S’s product, its profit is stated in Table 3. Comparing the profit expressions, we
can show that M prefers not to resell S’s product if and only if

7'2(A-l—c—w),u—l—bandrgb—i—,umin{A,f+;}. (A1)

In this case, the profits are
II = 7(1-p)

o= uA—F(l—u)min{A—FbuT,A—c}.

Otherwise, M prefers to resell S’s product, and the profits are

II = (b+ (c+max{A—w,0})u) (1 — )
m = puA+(w—c)(l—p).

Consider stage 1. By an envelope theorem argument, M’s profit is weakly increasing in 7 as long as

(A.1) holds. Therefore, M’s dominant strategy is to set 7 = b 4+ pmin {A, ffﬁ } It remains to check

S’s wholesale pricing decision.

Suppose A < % When 7 = b+ pd, all w > ¢ are profit-equivalent for S because any change in

w does not affect M’s behaviour at stage 2: M will always choose not to resell S’s product. Meanwhile,
any w < c is loss-making. Consequently, the overall equilibrium has 7 = b+ puA, w > ¢, and M choosing
not to resell S’s product.

Suppose A > ff; When 7 =0+ p (ff;), S can either set w < A+c¢— ff; to induce M to resell
S’s product, or set w > A+ ¢ — f"_"li to induce M not to resell S’s product. The maximum profit from

the first strategy is A — b — ¢, which is the same as the profit from the second strategy. Consequently,

the overall equilibrium has 7 = b+ (ffﬁ), w>A+c— ffﬁ, and M choosing not to resell S’s product.

To summarize, the possibility of reselling does not affect the existing characterization of the dual
mode in the main text (Proposition 3). In the overall equilibrium, S’s product is sold by S exclusively.
Intuitively, reselling is less profitable for M because S determines the term of trade (w). The wholesale

price set by S is too high from M’s perspective such that M always prefers not to resell S’s product.

4When M resells S’s product, there are only two possible equilibria in the pricing subgame: (i) all inside sales
are made by M, so that S earns at most pA+ (w—c)(1—p), or (ii) all inside sales are made by S, so that S earns
at most puA + (p; — ¢ — 7)(1 — ). For equilibrium (ii) to hold, we must have p; < w + 7 because otherwise M
can profitably undercuts S (instead of earning through fees). There is no equilibrium with all regular consumers
buying directly from S because M is selling S’s product in its marketplace.



Comparing the profit expressions, we have

ual  _ <b+/~tmin{A,f+;}) 1 p)

(b+cp) (1 — p) = 15"
> b (1 o /1') — Hmarket.

V

This means that banning the dual mode always results in the seller mode (with M reselling S’s product):

Proposition A.2 (Banning dual mode) A ban on the dual mode results in M choosing the seller mode

(with M reselling S’s product), with II, CSyeguiar, CS, and W decreasing; CSgirect and m increasing.

Proof. In the seller mode, p5* € [en + A + b, c + b+ A]. In the dual mode, pf = max{A,c+ b+ pA} <
Din. Therefore, CSreguiar is higher in the dual mode. Meanwhile CSgjrect is higher in the seller mode
due to cross-channel competition. Finally, let 0 < 1 < 1 denote the probability that regular consumers
buy S’s product from M in the equilibrium in seller mode. The associated welfare is W5 = v + A —
c+n(l—p)b<v+A—c+(1—p)b=Wma As for total consumer surplus:

CSsell _ Wsell 7Hsell 7,/Tsell
= v+A—c+n(1—p)b—(b4+cp)(1—pu)—A+c(l—p)
= v—c— (1= —pb+(1-p?A,

which is lower than C S =y —c+ (1 — p)?A. =

B Continuous consumer types

Suppose that we have a continuum of consumer types, and each consumer is indexed by the convenience
benefit b obtained from performing transactions through M. We assume b € [by, bg] is distributed with
cdf G (.) and corresponding log-concave density ¢ (.), where by, > —oo and by < co. Everything else is
like in the baseline model. We assume the gap by — by, is large enough so that equilibrium prices are

always interior.

B.1 Pure marketplace

Recall fringe suppliers always set inside and outside prices at p;, = ¢+ 7+ A and p, = ¢ + A. Consider

S’s pricing problem after it joins the marketplace. It chooses p; and p, to maximize its profit

(Po — ¢) G(pi —po) + (p1 — 7 —¢) (1 = G(pi — po))
subject to p; < c+ 74+ A and p, < c+ A.

Since S makes sales on both channels, it can always increase profit by raising its prices in both channels
(by the same amount) whenever both pricing constraints do not bind. Therefore, at least one pricing

constraint must bind. If p; = c+ 7+ A, then S solves

,nax {(po — ¢) G} —po) + A (1 — G(p; —po))}-

For all p, < ¢+ A, an increase in p,: (i) raises the margin in the outside channel; (ii) shifts demand from

the lower-margin outside channel to the higher-margin inside channel (due to the constraint on p,), and



so we must have p5 = ¢+ A. If we start with p} = ¢+ A instead, then S solves

AG(pi —py) + (i =7 —¢) (1 = Gpi — p)))},
Jdax {AG(p; = p) + (pi =7 ¢) (1= Glpi = pi))}

and the same logic as above implies p; = ¢+ 7 + A. Therefore, we conclude that p; = ¢+ 7+ A and
pl =c+ A, and S earns profit 7merket = A,

On the other hand, if S does not participate, its profit is max, <c+a (Po —¢) G(c+ 7+ A —p,) <
gmarket Therefore, S always participates.

Since the cross-channel utility difference is p — p} = 7, the number of consumers buying through

the platform is 1 — G (7). Thus, M’s profit as a pure marketplace is
merket — max {r(1-G(7))},

so the optimal commission follows the usual monopoly price formula:

_1-G (™)
g

Tm

As in the baseline model with discrete consumer types, the marketplace’s profit is independent of A.
The reason is that the innovative supplier can fully extract the value of its innovation (inside and outside

the platform).

B.2 Pure seller

We know S sets its outside price to maximize (p, — ¢) G (pym — po + A) subject to p, < ¢+ A. Meanwhile,
M’s cost is zero so it maximizes p,, (1 — G (pm — po + A)). If the constraint on p, is non-binding, the

equilibrium prices are jointly pinned down by:

G (p;, —ps +A) . 1=G@pr, —pi+A)
and p,, = " "
9 (ph, — 5 +4) g, — 5 +4)

Po=c+

It is useful to denote the equilibrium cross-channel utility difference by A, where A is the unique solution

to
1-2G (A)
A=A—c+ ——=. B.1
o) (B
Then we have p} = c+ % and p}, = 1;584). The constraint p, < ¢+ A is non-binding if and only if
1-G(B)
9(B)

f((:)) < A. If instead % > A, then the equilibrium prices are p} = ¢+ A and p}, =

is the unique solution to

, where B

1-G(B)

B=—c+ (B.2)
9(B)
It is useful to note that the log-concavity of g implies % and % are decreasing functions, so
G(A
A<B < AL —),
9(A)
where equality holds when A = %7 so that the condition in the right-hand side can be equivalently

written as A < % whenever convenient. Then, the equilibrium profits can be summarized as I1°¢! =

[ (1-G(B)® (1-G(A)? sell _ G(A)?
mln{ g(f(;) A ey } and 7 —mln{AG(B),ﬁ}.
We relegate all cross-mode comparisons to Section B.4.




B.3 Dual mode

There are, in general, two possible types of equilibrium in the pricing subgame: (i) M makes all the inside
sales (seller equilibrium), and (ii) S makes all the inside sales (marketplace equilibrium). As opposed
to the baseline model with discrete consumer types, the heterogeneity in consumer types implies there
is no direct sales equilibrium (i.e. in which no consumers buy through M) because the assumptions on

G (.) mean there are always some consumers who buy through M.

B.3.1 Dual mode - seller equilibrium

Consider first the extreme case where 7 is sufficiently high so that M always wins the on-platform
competition without being constrained by within-channel competition. Suppose S participates on M,

and sets its outside price to maximize (p, — ¢) G (pm — po + A) subject to p, < ¢+ A. Then M solves
max pp, (1 = G (pm — po + A)) subject to pp, <c— A+ 1.
Pm

We first rule out any seller equilibrium in which the constraint on p,, is binding. Suppose by
contradiction such a seller equilibrium exists. Then in equilibrium we must have p},, =p! —A =c+7—-A
* . G(c+7—p))

and p() = ¢ + min {A, m
by setting a very high p,, to let S win the inside competition, earning deviation profit

}. However, M can profitably deviate from the candidate equilibrium

Hdev:T(l—G(c—‘rT—pz))>Heqm:(C+T_A)(1_G(C+T_p:))'

Next, suppose in equilibrium the constraint on p,, is non-binding. We can obtain the equilibrium of

the simultaneous pricing game:

* . G(p;kn 7p; +A) }
Py = c—|—mm{ " JA
9P, —ps+A4)
= 1-G(p,, —p, +4)

9 (P — P +A4)

This is the same pricing equilibrium as in the seller mode, so the subgame equilibrium can be concisely

described as

g

1-G(B) . G(A
_ <C+A, g(B) ) lf AS(T

(D5, 1) = <C+G(A) 1—G(A>) it A>GA

Z

(B.3)

Q <

g(A)  g(A) g(A)

and pf > ¢+ 7, where A and B are defined in (B.1) and (B.2).
The equilibrium (B.3) is sustainable provided that (i) S has no incentive to undercut, and (ii) M

has no incentive to let S win. Condition (i) is equivalent to

1 — G(max{B, A})
g(max {B, A})

c+T7+A> (B.4)
If 7 does not satisfy this condition, then p!, > ¢ — A 4 7 and so S has an incentive to undercut from
(B.3).

Now consider condition (ii) required for the equilibrium (B.3) to exist. If A > %, then M has no
incentive to let S win if and only if 7 > T4, where T4 is the largest solution to the following indifference

equation that equates M’s deviation profit (by letting S win inside with its price ¢ + 7) with M’s

2 (1-0 (- S0 - L=C@P o

equilibrium profit:




Note that 74 > A —c+ i(A),S so that 7 > 74 implies (B.4). If A < S then M has no incentive
g((A4) g(A)

to let S win if and only if 7 > 7p, where T is the largest solution to the following indifference equation
that equates M’s deviation profit (by letting S wins inside) with M’s equilibrium profit:

_ _ (1-G(B))”
B(1-G(TB —A)) = —F57" B.6
(1-G (- &) = "= (5.6)
Again, note that 7 > A—c+?t (BE) ) 6 50 that 7 > 7p implies (B.4). Meanwhile, it can be easily verified
that 7 > 74 if and only if A > (;14))

To summarize the construction of the seller equilibrium in dual mode:

o If A > %, the seller equilibrium is sustainable if and only if 7 > 74. In this case II¢1™ =
(1=G(A)°  _eam A _ A) 1-G(A .
#’ﬂ—q - g(( )) (poapm)_(c+ g((A)7 g(A())) andpi ZC"‘T.

o If A< G(‘:)) , the seller equilibrium is sustainable iff 7 > 7p. In this case II°9™ = %’

= AG(B), (p,pk,) = ( + A= (GBf)> and pf > c+ 7.

B.3.2 Dual mode - marketplace equilibrium

Given that in any marketplace equilibrium S makes all sales in both channels, it can always profitably
increase both p; and p, until one of the following constraints binds: p; < min {p%, + A,c+ A+ 7} and
Do < ¢+ A, where p}, is some arbitrarily given price set by M. If only the constraint on the outside

price binds, then p} = ¢+ A while p; is interior and solves

max {w; =) Gpi —py) + (pi — 7 —¢) (1 = G(pi — py))}
pi<min{p}, +A,c+A+7}
= max {AG(pi—c—DA)+(pi—7—¢) (1 —=G(p;i —c— A))}.

pi<min{p}, +A,c+A+7}

The first-order condition implies p; = c+ A + 7+ % > ¢+ A+ 7, violating the constraint on

. Therefore the constraint on p; must bind. For any given p}, p, solves

,,f??ﬁ{( —¢)G(p; —po) + (p; —7—¢) (L =G(p; —po))}-

It is useful to define

G ()
=T — B.7
¢ 9(¢r) B.7)
so that the first-order condition implies
pz_min{chA G((;Z:))er*T}. (B.8)

Then, asymmetric Bertrand competition on the marketplace implies p} = pf,+A and p}, € [max{0,c+ 7 — A},

Note p}, is indeterminate in this range because M makes no sales in equilibrium. We cannot have p},, > 7
because in any such equilibrium M would have an incentive to undercut S and make the inside sales,
earning a margin strictly greater than 7. Likewise, any p¥* < max{0,c+ 7 — A} means either M or S

is playing a dominated strategy in equilibrium.

5This follows from the observation that if we substitute A — ¢ + =) for 74 in the left-hand side of (B.5),

9((4)
then the left-hand side becomes greater than the right-hand side (recall that by definition A = A —c+ 17;((;;()‘4))

SThis follows from the observation that if we substitute A — ¢ + 1;51(3?) for 75 in the left-hand side of (B.6),
then the left-hand side becomes greater than the right-hand side.

7).



To confirm this is an equilibrium, we need to make sure M does not have an incentive to deviate.

M’s equilibrium profit is
™ = 7(1 = G (p; — pg)) = 7(1 = G (max {pj,, — ¢, ¢-})),

which is decreasing in p},. Given we are looking for equilibrium that maximizes M’s profit, we must
have p}, = max {0,c+ 7 — A}, and so p} = min{c+ A,p}, + A — ¢, }, while pf = p%, + A . There are

four possible equilibrium configurations (ignoring firms’ incentive to deviate):

e Configuration 1: pf = 0, pf = ¢+ A. This requires 7 < min{A — ¢, 2((:;) —c}. II°™ =
T(1 = G(—c¢)) and 1 = A — (¢ +7)G(—¢).

e Configuration 2: p}, =0, p} = A—¢,. This requires 7 € (f;((:f))
and T = A — (c+7)G(dr)

. ™ = r(1-G (4,))

e Configuration 3: pf, =c+7— A, pi =c+ 7 — ¢,. This requires 7 € [A — ¢, 71), where
T = ¢7_'1 + A (Bg)

is such that 7 < 71 & 7 — ¢, < A. II*" = 7(1 — G (¢,)) and 7 = AG (¢-).

e Configuration 4: pf = c+7— A, pi = ¢+ A. This requires 7 > max{A — ¢, 7 }. 1" =
7(1 = G(r — A)) and 7 = AG(T — A).

Bertrand competition means S has no incentive to deviate in any of these equilibria. So we simply
need to make sure M has no incentive to deviate (by undercutting S) for equilibria with p, = c+7—A >

0. To do so, we will use the following technical lemma:

Lemma B.1 A > & if and only if T, > A —c¢

g( C)

Proof. Given % € (0,1), we know 73 > A —cif and only if A — ¢ < pa_. + A, or pa_. > ¢. Using

(B.7), the last condltlon is equivalent to A > G(( Cc)) ]

Suppose A < L)), or equivalently, 71 < A — ¢. This rules out configurations 2 and 3. For all

7 < A — ¢, configuration 1 applies, and clearly M cannot profitably undercut S. For 7 > A — ¢,

configuration 4 applies, and M’s deviation profit is

dev __ / o r
IT _p;”irclif_apm(l G (P —©))-

Ignoring the upperbound constraint, the deviation profit is maximized at p, = 1= G(;B) Forall 7 <A —

9(B
c+ 17(GB(,)B) = B+A, the upperbound constraint on p/,, binds so 119" = (71— A+c)(1-G(7—A)) < I1¢9™.

For 7 > A —c+ g(Eg) ), we have I1%v = %, so M has no incentive to deviate if and only if
7 < T, where
i} _ (1-G(B)*
B(1-G(Tg—A)) =
(1-G - &) = "=

as in (B.6). Let then
=argmax {7(1 - G(t — A))}.

By definition 75 < B + A because B+ A = A —c+ ! g(GB(;B) > = 83(,;3), and so by transitivity, 75 <

A—c+ q(B()) < TB.




Suppose ((:CC)) For 7 < A — ¢, configurations 1 and 2 apply, and clearly M cannot profitably
undercut S. Consider 7 € [A —¢, 71). From configuration 3, the best deviation profit that M can achieve

is

% = max {p,(1-G@p, —c+d. —7+A)}.
ph,<c+T—A
Ignoring the upperbound constraint, the deviation profit is maximized at p, = %(X)T), where
1-G (X'r)

X, =A—c—7+ ¢, + (B.10)

g(X7)

Forallt <A —c+ %(f{) (or equivalently, 7 < A + o A))) 7 the upperbound constraint on p/, binds

so 1% = (1 — A+ ¢)(1 — G(¢,)) < I®"™. For 7 > A —c+ %(f{) (or equivalently, 7 > A + G(A)))
Tder = %, and M has no incentive to deviate if and only if 7 < 7x, where
(1 — G(Xf'x))Q

9(Xo) (B.11)

TX (1 -G (¢7_'X)> =
The existence of Tx follows from the intermediate value theorem. In what follows, we assume 7(1—G(¢;))

is quasiconcave.® Let

Tx = argmax7(1 — G(¢-)),

1-G(p, = . . . .
or Ty = m. Finally, for 7 > 7y, configuration 4 applies and the analysis follows from the

previous paragraph. In particular, the configuration is an equilibrium if and only if 7 < 75.

The following two technical lemmas identify the relative ordering of these cutoffs.

Lemma B.2 (i)7x <71 < 7 < 7y; (1) Tx <T1 = Tx > Tp; (iti) T8 > B+A, andTx > A—l—G((:)),

(w) 7% <71 = 75 < T1.

2
Proof. (i) From definitions, 7x < 71 <= 71 (1 — G (¢7,)) < (-otx))” (17G(B))2, where the last

!](Xi—l) 9(B)
equality used X = B, while 7x <7y <= 71 (1 — G (¢5,)) < %. SoTx <7 <= T <7 (ii)

To show Tx > T, consider
L(r)=7(1~G(c+7—p;))—maxp, (1 -G (p, —p; +4)).
Pl

If we denote p?¥ = arg maxy, p), (1 — G (p),, — p; + A)), then by envelope theorem:

dU () [ gew 29 (™ —ps+A) .
dp} _<T g ° gle+7—p;) gletT-05) 20,

where we used log-concavity of g and p%? < ¢4 7 — A. Given the supposition 7y < 71, we have
P =c+Tx — 7y <c+ A, and so

r (?X)p;:ch-fX—(ﬁ;X =0<T (fX)p;;:chA

"Specifically, 7 < A + G((ﬁ; S o, < As X, <A Therefore T< A+ G(A) =A-— l_ga)“ implies
T<A—-c+ 1;(%}()7 Likewise, 7 > A + ié:)) =A—c+ (A() implies 7 > A —c+ 1 ggﬁf)f . Therefore the

two conditions are equivalent.

then RHS is % LHS is (A —c+ 1;3;4))(1 — G(A)). Therefore, for general 7 > A + g((:;l;, we have
X, < A

8 A sufficient condition is ¢, being convex, which is satisfied if G is uniform.




Suppose by contradiction Tx > 7p, then given I' (T)p;:C+A is decreasing for 7 > 7p and T’ (7‘-J_c;)pz:c_~_A =
0, we have I’ (%X)p*:c +a <0, a contradiction. Therefore, 7x < 75 must hold. (iii) From the definitions,

we know 7T > A —c+ IE(GB(’;B) and Tx > A —c+ 1;(6;8(). (iv) From definitions 7% < 7y <= 7 >
1-G(¢7,) - - 1-G(f1—A) _ 1-G(¢7,) = S
m, and TE S TT <~ T1 > g(fliA) = g(¢+1 )1 . SO Tj;( S T — Tg S T1, glven that

do./dr € (0,1). m

B.3.3 Dual mode - overall equilibrium

We can now combine both types of equilibrium to pin down S’s participation decision and M’s opti-
mization problem in setting 7. Recall that if S does not participate, then the pricing subgame unfolds
as if M operated as a pure seller.

Suppose A < q( CC)) < fj((:)) and S participates. In the pricing subgame, the seller equilibrium exists

if and only if 7 > 7. Meanwhile, from the previous subsection, we know the marketplace equilibrium

exists if and only if 7 < 7. To summarize the outcome of the post-participation subgame:

Range of 7 I1ea™ (1) weI™ ()

T<A-c 7(1 — G(—¢)) A—(c+7)(1-G(-0)
T E[A — ¢, TB] T(1-G(Tr —A)) | AG(T — A)

T > 7p (seller eqm) % AG(B)

If S does not participate, its profit is #"? = AG(B). For 7 < A — ¢, we have 7°?"™ > 7"P if and only
if 7(1 — G(—¢)) < A(1 — G(B)) — ¢(1 — G(—¢)), implying 7(1 — G(—c)) < (A —¢)(1 — G(B)) due to
—c < B. For 7 > A — ¢, we have 7¢?" > 7" if and only if 7 > B + A. Note that B4+ A < 7p
by Lemma B.2 point (iii), so 7 > B + A is feasible. By setting 7 = B + A, M achieves the profit
I1*9™ = (B + A)(1 — G(B)), which is higher than the profit from setting 7 > 75 or 7 < A — ¢ that
still ensures participation. Moreover, 75 < B + A and so M cannot achieve higher profit by setting
7 € (B+ A,75]. We conclude 7944 = B + A,

Next, suppose 5((:5)) <AL % and S participates. The seller equilibrium exists if and only if

T > 7. Meanwhile,

G(A) _ _ G(A)
A+ ——=> — P75, <A —= AL ——.
g(4) = 1 9(4)
From Lemma B.2 point (iii), we know that 7x > A+ G((ﬁ)), and so A < G((:)) — Tx >T1 < T8 <71 by

Lemma B.2 point (i). Therefore, from the analysis of the marketplace equilibrium for the case A > 3((:5)) ,

we know that the marketplace equilibrium exists if and only if 7 < 75. To summarize the outcome of

the subgame that starts after S’s decision to participate:

Range of 7 T1eam (7_) ﬂ.eqm(7.>

r<gtd - T1-G(=0)) | A—(c+7)(1—-G(~0))
TE G(( 2)) - A—c| | T(1=G(¢r)) A—(c+71)1—=G(dr))
TE[A—c,T) (1 - G(¢,)) G (¢~ 2/g(¢7)

T € [T1,7TB] T(1-G(r —A)) | AG(T — A)

T > Tp (seller eqm) % AG(B)

If S does not participate, its profit is 7#™? = AG(B). To proceed, first note that the definitions of A, B
and 7; imply

Gl) G5
ASg(A)(:)ASg(B) S B+A>

This means that for all 7 < 77, we have ¢, < ¢, = 7n — A < B. For 7 < A — ¢, similar to the



previous paragraph, 7™ > 7" only if II°™ (1) < (A — ¢)(1 — G(B)). For 7 € [A — ¢,71), we have
G (6:)° /g(dr) < AG (¢r) < AG(B), where the first inequality used G (¢,) /g(¢-) < A for all 7 < 7
given how 7y is defined. Therefore S does not participate for 7 within this region. For 7 > A — ¢, we
have w¢9™ > 7™ if and only if 7 > B + A, and note B+ A < 7p and so 7 > B + A is feasible. By
setting 7 = B+ A, M achieves the profit II*™ = (B+ A)(1 — G(B)), higher than the profit from setting
T ¢ [71,Tp] (while still ensuring participation). Moreover, we know 75, < B+ A and so M cannot achieve
higher profit by setting 7 € (B+ A,75]. We conclude 7944 = B + A.

Suppose A > (A) Note that A > (:)) — A>—c+ o a;‘) = A > —¢, implying A > g( C)).
The seller equilibrium exists if and only if 7 > 74. If 75 > 71, then the seller equilibrium exists if and

only if 7 < 7g, and T > T4 given A > G((::)) If 7 < 71, then the marketplace equilibrium exists if and

only if 7 < 7x, and note 7x > A+ i A)) > 74 by Lemma B.2 point (iii). There is therefore a parameter
region in which both the seller equilibrium and the marketplace equilibrium coexist.

Consider first the subcase of A > % with 7x > 71. We have

Range of 7 IIea™ (1) wea™ (1)

r< 9T . T(1-G(-0) | A-(c+n(-G(-0)
rel8Ed —ca—c| [1(1-G(¢) | A-(ct+T)(A-G(¢r)
TE[A—c,T) (1 - G(¢-)) (6-)° /g(¢-)

7 € [71,78] T(1-G(r—A)) | AG(r - A)

7> 74 (seller eqm) | (=CL0° (A)2/g(A).

If S does not participate, its profit is 77 = G(A)?/g(A). For 7 < A — ¢, we have A —¢c < A+ g(A))
implies ¢, < A (due to the definition of A), and so 7¢4™ > 7" if and only if

G(4)? ( G(4)?
I (1) < A —¢(1 — G(¢:)) — =(A—-0c)1-G(¢r)) — | AG(¢r) — .
(1) ( (¢r)) (A) ( ) (¢+)) (¢+) ey
For 7 € [A—¢,71), we have 79" = G (¢,)? /g(¢y). Given A > G(A)) we know A+ G(A)) € [A —¢, 7] and
soT > A+ G(A)) is feasible. Notice that for 7 > A+ ((A) , we have 7™ = G (¢,)° /g(¢,) increasing and
continuous in 7 and 7™ = G (¢,)* /g(¢-) when 7 = A + (A)) Therefore, w¢9™ > G(A)?/g(A) = 7P
Moreover, by setting 7 = A + g(A)) M achieves the profit I1¢7" = (A — ¢ + 1;(%5;‘))(1 — G(A)). For

T € [T1,TB], given A > g((:)) = 71 > B+ A > 7, we know that II°?™ (1) is decreasing for all 7 in this

range. Therefore, all 7 € [Ty, 75| is dominated by 7. We conclude that M either sets 7 € {A + %, ﬁ],
orsets T < A —c.

Next consider the subcase of A > (( )) with 7x < 71. We have

Range of T IIea™ (r) L)

r< ( c) 7(1-G(—¢) | A= (c+7)(1—-G(-0c))
Te|SEd e A—c| [ T(1-G(4:) | A= (c+7)(1-G(4r)
Te[A—crx] T(1-G(¢,)) | G(6-) /9(0r)

T>74 G [ G4 /g(A).

By a very similar analysis to that in the previous paragraph, we can establish that M optimally sets

TE A—i—%,?x , or sets some 7 < A —c.

To summarize:

Proposition B.1 In the overall equilibrium, M always sets T to induce the marketplace equilibrium.

10



o I[fA L %, M sets 7™ = B+ A and S participates. In equilibrium, pf, = c + 7% — A,

pf =c+ 14 and pi = c+ A.

o IfA> ((2‘)) either (i) M sets T4l ¢ [A + %,min {7"1,7"X}] and S participates, with equilib-
rium prices pl, = ¢+ 7 — A pr = c+ 7l and pt = c+ 7% — ¢ _auar; or (i) M sets T4l <

A — ¢, and S participates, with equilibrium prices pl, =0, pf = A and p} = A+ min {¢, —Paua }.

To complete the equilibrium characterization, we explore the case A > G((:)) with numerical simula-

tions. Based on Proposition B.1, M’s optimization problem is:

max [1°9™ (1) subject to 7™ (1) > 7"
T

where
Range of T ITea™ () T (1) — P
T<A-c 7(1 = G(max {¢-,—c})) | A —(c+7)(1 - G(max{¢,,—c})) — (4"
7€ A+ S min {7, 7x}| | T(1-G(4r) Gle-) _ Al

Intuitively, there are two possible regimes for M’s commission: (i) a high 7 that makes S earns zero profit
from inside sales, but 7 is high enough so that sufficiently many consumers purchase from S outside to
ensure S participates, and (ii) a sufficiently low commission that makes S earns sufficient profit from

inside sales, thereby ensuring its participation.

Example 1 (Numerical example) Let G ~ U[-1,1], ¢ = 0.5, and A € [1.25,3], Here, A > % 18
equivalent to A > 1.25.9

Figure 1 below plots M’s optimal commission 7 for any given A, and the induced inside and outside
prices p} and p}. For A that is low enough, we have a “high commission regime” where M optimally
sets a high commission at 7% ¢ |A + (( A)) ,min {7, Tx }} For this set of parameters, the participation

dual — A 4 G g(A) = AH . As A becomes higher,

constraint binds in the high commission regime, so 7
this participation constraint becomes tight, and M optimally switches to the “low commission regime” of
rdual < A — ¢, Therefore, for intermediate value of A, the participation constraint binds M commission
below 794 < argmax7(1 — G(¢)) = 1.5. In the low commission regime, the participation constraint

relaxes when A increases, and so 79%% — 1.5 as A increases.

B.4 Comparisons of the different modes

We first compare between the two pure modes:

Proposition B.2 o M'’s profit: TI™erket > T15¢l 4f and only if A > ¢ + g((:m))

e S’s p’f‘Oﬁt! ,n_mark:et > ,n_sell'

o Total consumer surplus: CS™ket < C S5l where the inequality is strict if ¢ > 0.

o Welfare: Wmarket > Wwsell it and only if fmaX{A B}( —¢)dG (b) — L;;X{A gy bdG (b) >

9G‘remerally, if G follows U [br,bp], then B = (by —c), A = %, =t g = T'gbL, T =br +2A,

TN = — br,, and we have A > Gé:)) if and only if A > % —br

11



Dual mode - fee and prices

15 2 2.5 3
A

Figure 1: Equilibrium characterization of dual mode when A > G(A)/g(A), assuming G ~
U[-1,1] and ¢ = 0.5.

Proof. We know [1merket — (=CGGE")* ;g ppsell — M, so that ITmerket > TIsell if and

g(m™) g(max{A,B})
only if 7™ < max {A, B}. The stated condition in the proposition, A > ¢ + G((:m)) , is equivalent to
A—c+ 1t g2(G,(nT)m) > 1 g(GT(I;) = 7™, which is then equivalent to A > 7™ from definition (B.1), implying

™ < max {A, B} as required. Next, suppose A < ¢+ g((‘r’”) , which is equivalent to A < 7™. Moreover,
by definition (B.2), we have B < 7™. Thus, 7™ > max {4, B}, implying II™e7k¢t < [1*¢!!, Turning to
S’s profit, we have ¢! = AG (B) < A = r™market Next, we can write down consumer surplus in each

mode as (after doing some substitutions):

m
T

(b—c—7")dG (b) + / —cdG (b),

— 00

oo

Csmarket = +/

m

o . G(A)
Cgsell _ v+ f]f C(fz; c— f —Gc(i? if AL —Cg;(( ))
o [ (b- 580 ) a6 +f (A-2B -clacp) it a>9

IfTA<L (A)), then CS*¢! > C'S™market follows from B < 7. If A > (21)), we note 1;3;4) is decreasing

in A, and approaches _(B(,) ) = B4ec¢<c+ 7™ when A — G((A)) Therefore, %é;‘) < c+ 1™ for all

A> G(::))’ implying C'S*¢!! > C.§market | Finally, we have

Fm

(A—c+b)dG(b)+/ (A — ¢)dG (b)

— 00

oo

Wmarket — _|_/

Tm

0o max{A,B}
weell — o 4 / . bdG (b) + / (A = ¢)dG (b)

Rearranging, we get

max{A,B} T

(A~ ¢)dG (b) — / bdG (b) .

Wmarket - Wsell = /
max{A,B}

—00

12



The condition A > ¢+ g('r'")
here is analogous to the condition

for M to prefer the marketplace mode over the seller mode obtained

prefers the marketplace mode when A is large relative to M'’s cost efficiency and the mass of consumers
preferring to transact through the direct channel (i.e. those with low b), and the seller mode otherwise.
The results for S’s profit and total consumer surplus are consistent with the baseline model in the main
text. The new result is the additional condition for W™ ket > JI/s¢ll  We interpret this condition below,
together with the next result.

Compare now the dual mode with the two pure modes. For tractability, we first focus on the case

with A < fj((j)) , in which we have a closed-form solution for M’s optimal commission in dual mode. If

byg—2br—c
s

G follows U [br, by], the assumption is equivalent to A <

Proposition B.3 Suppose A < %:
o M’s pmﬁt: Hdual > Hsell > Hmarket'
e 9’s p'l“Oﬁt.’ ,n_mark:et > ,n_dual — ,/Tsell'
o Consumer surplus: CSqyai = CSseti = CSmarket, where the inequality is strict if ¢ > 0.

o Welfare: Wdual > yysell . yyydual — yyymarket if and only if

m

/ " bdG () > 0. (B.12)

B

Proof. The supposition A < % implies IT¢% =

(1_G(B))2 (1_G(Tm))2 _ Tymarket
9B = atrmy - o T
the fact that in dual mode M strictly prefers choosing a 7 that induces the marketplace equilibrium

implies that IT%a! = (A —c+ l_g(GB(f’)) (1-G(B)) > % = TI*¢!'. As for S’s profit, we have
G(A)

gdual = AG (B) < A = r™merket Tt is straightforward to verify that CSgua = CSsen given A < R
As for welfare:

Meanwhile,

Wdual = ’U+/OO(A—C+b)dG(b)+/B (A—C)dG(b)

B —o00

> v+/wbdG(b)+/B (A = ¢)dG (b) = Waenr.

B —0o0
Finally, Waua — Wonarker = 5 bdG. m

Notably, with a continuum of consumer types we have Wdual £ jymarket in general, in contrast
to the baseline model. Given that all consumers purchase one unit of S’s product regardless of which
channel they use, the only welfare difference across these two modes is due to a possible distortion arising
from cross-channel price differences. To the extent that S’s price is lower in one channel than another,
this will induce too many consumers to buy in the channel they do not prefer, potentially forgoing the
transaction “benefit” b. Both modes potentially involve distortions. The marketplace involves the inside
price being set 7 higher than the outside price, whereas the dual mode may involve the inside price
being set higher or lower than the outside price. If in dual mode the inside price is higher than the outside
price,'? the distortion is lower under the dual mode. However, if in dual mode the inside price is lower
than the outside price, then the comparison is ambiguous. Condition (B.12) can then be understood
as requiring that the distortion of inducing excessive usage of the marketplace channel in dual mode is

more than offset by the under-utilization of the marketplace in the marketplace mode.

1-G(0)

Y0 A sufficient condition is G'((0) must be sufficiently small relative to ¢, i.e. ¢ < 500)

13
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Figure 2: Cross-mode comparisons when A > G(A)/g(A), assuming G ~ U [—1, 1] and ¢ = 0.5.

To numerically evaluate the case with A > %, we consider two distinct sets of parameters: (i)

G ~ U[-1,1], ¢ = 0.5, as in Example 1; and (ii) G ~ U [~1,0.2], ¢ = 0.5.}! Figures 2 - 3 plot M’s profit,
S’s profit, total consumer surplus, and welfare for each set of parameters.

The following observations are in order. First, [1%* > max { [selt, Hm‘”k”}, and a ban on the dual
mode results in M choosing the seller mode if A is small, and choosing the marketplace mode if A is
high.

Second, ﬂ.market > 7.‘.(111.(1.1 Z 7_‘_sell

. The last inequality reflects that S’s participation constraint does
not necessarily pin down M’s commission in the dual mode. For A sufficiently large, S achieves a strictly
higher profit under the dual mode than under the seller mode, because the benefit from accessing extra
consumers (through being hosted) strictly outweighs the loss from having to pay commissions.

Third, the welfare comparisons are generally ambiguous due to the distortions in channel usage as
discussed above. For this reason, the welfare effect of banning the dual mode can be ambiguous, in

contrast to the baseline model with discrete consumer types.

11\We also considered a range of other parameter values, obtaining similar qualitative insights. The details and
the MATLAB code are available from the authors upon request.
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Figure 3: Cross-mode comparisons when A > G(A)/g(A), assuming G ~ U [-1,0.2] and ¢ =
0.5.

Finally, CSguai > CSmarket, while CSgua; > CSsepp if and only if A is not too large. Note that in
Figure 2, a ban on the dual mode always weakly decreases consumer surplus. This is because in the range
of A with M switching to the seller mode post-ban, we have C'Sgyq; > CSseyr- In contrast, in Figure 3, a
ban on the dual mode increases consumer surplus for some intermediate range of A, i.e. the range where
et > 11merket and C'Sguar < CSser. This insight is consistent with the baseline model with discrete
consumer types: whenever A is large enough, the seller mode leads to higher total consumer surplus as
it allows for wider dissemination of the innovation surplus. However, if A is too high or is too low, M

prefers to operate as a marketplace, resulting in lower consumer surplus.

C Commitment to functional separation

A less drastic regulatory alternative to fully banning the dual mode would be to require that M runs
the marketplace and the seller divisions independently if it wants to continue adopting the dual mode.
These divisions would involve separate teams that are not allowed to communicate or coordinate with

each other. In this setting, the dual mode means having separate, competing marketplace and seller

15



divisions, except that M owns both and considers their joint profits. Thus, although in equilibrium it
will turn out that the seller division does not make any profits, M may still want to commit to operate
it (and cover its fixed costs) if that allows M to extract larger profits from its marketplace division.

To make things clear, we call the new dual mode under which M runs a marketplace and a seller as
separate divisions as the “separation mode”. In the separation mode, we label the marketplace division
as My and the seller division as R. All other assumptions remain the same as in the baseline model:
R has a cost of zero, purchases from R or sellers selling through M, provide convenience benefits b to
regular consumers, and direct consumers never purchase from R or through M.

Timing: (1) My sets 7; (2) sellers (including S) simultaneously choose whether to participate; (3)
S, R, and fringe sellers set prices simultaneously. Here, there is no reason for R to sell on My given it
offers the same benefit directly, has the same underlying cost of zero, and competes for the same regular
consumers, with the only difference being that selling on Mj involves an additional cost of 7. Thus,
without loss of generality, we can assume R does not participate on M.

To analyze the model, we first derive the equilibrium of the stage 3 subgame, assuming S participates.

Similar to the analysis of the dual mode, there are three possible types of equilibria:

o Marketplace equilibrium—all regular consumers buy from S through the marketplace.
e Direct sales equilibrium—all regular consumers buy from S directly.

e Seller equilibrium—regular consumers sometimes buy from R.

Lemma C.1 (Separation mode, marketplace equilibrium) In any marketplace equilibrium, pf =0, pf =

b+cp
1—p

A and pi = c+ A. The equilibrium ezists if and only if 7 < min {A —c,
My, =7(1—p), I =0, and m = pA+ (A —c—7) (1 — p).

}. Equilibrium profits are

Proof. With separation, in any marketplace equilibrium, the competition for regular consumers means
S and R necessarily set pi = A and p* = 0 (otherwise R has an incentive to undercut), while p} = ¢+ A.
Clearly, R cannot profitably deviate. To ensure the stated price profile is indeed an equilibrium, we also
need to make sure that (i) S is not making losses inside, which requires A —c¢—7 > 0; and (ii) S has no
incentive to set a lower p, to attract regular consumers to the direct channel, which requires

b+ cu

A-b—c<pA+1—-p)(A-—c—71) = 7< -

Indeed, when 7 < A —¢, the deviation profit that S can attain by setting p, = A —b to attract all regular
consumers to buy directly is A — b — ¢. This is weakly lower than the equilibrium profit if and only if
T < blt—cl’f Finally, there is no other marketplace equilibrium given we ruled out all equilibria involving

weakly dominated strategies. m

Lemma C.2 (Separation mode, direct sales equilibrium,)

o [fAKL f*;, then there is mo direct sales equilibrium.

o If A > ff;, then any price profile satisfying p; > A, pf = 0 and p}, = A — b is a direct
sales equilibrium. Direct sales equilibria exist if and only if T > ler_—C,f. Equilibrium profits are

My, =g =0andm=A—-b—c.
Proof. The proof of Lemma 2 applies. m

As for the seller equilibrium, the main difference with its counterpart in the dual mode is that R
does not have an incentive to sometimes let S win the inside competition, given that it no longer profits

from a transaction commission. Therefore, in any possible seller equilibrium, S never makes sales inside.
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Lemma C.3 (Separation mode, seller equilibrium)

o IfAL %}‘i and T > A —c, any price profile satisfying p € [0,min{c — A+ 71,c+b— (1 — p) A},
pi =pr+ A, and pi = c+ A is a seller equilibrium. Equilibrium profits are Iy, = 0, Ilg =
pr(1—p), and m = pA.

o IfA> % or T < A — ¢, then there is no seller equilibrium.

b+c
1—p
follows. Given regular consumers buy from R, we must have p} > 0, otherwise R would make a loss. We

in what

Proof. If A > f_i; then no seller equilibrium exists. Therefore, we focus on the case A <

next establish the upper bound for p}. For any given p} such that M sells to all regular consumers, S can
profitably undercut by setting p; slightly below p} + A if and only if p} > ¢+ 7 — A. Alternatively, S can
undercut by setting p, slightly below p} —b+ A to attract regular consumers to its direct channel, which
yields p —b+ A — c. This is more profitable than setting p, = ¢+ A if and only if pX > c+b— (1 — p) A.
Thus, any

pr€®, =0,minf{fc—A+7,c+b—(1—p)A}]

with p; = pX + A, and p} = ¢+ A can be sustained as a seller equilibrium as long as the set @, is
non-empty. And the set is non-empty if and only if 7 > A —¢. By construction, any profile with p} ¢ @,

cannot be sustained as a seller equilibrium. m

The following table summarizes the possible equilibria that can arise if S decides to participate (and
given 7), after applying the equilibrium selection rule used in the baseline model. Here, ITys, and Iy

refer to My’s and R’s profits. For brevity, we do not state equilibrium prices:

e In marketplace equilibria (ME), Hpy = 7(1—p), lIg = 0, and # = pA 4+ (1 —p) (A —c—1).
b+cu
1—p

The equilibrium exists if and only if 7 < min <A — ¢,

e In direct sales equilibria (DE), Iy, = IIg = 0, and 7 = A — b — ¢. The equilibrium exists if and

only if A > firc and T > bltﬁ.
" 7

e In seller equilibria (SE), I, =0, Iz = pk (1 — p), and 7 = pA, where
pr € [0,¢c— A+ min {7,b+ pA}].

The equilibrium exists if and only if A < % and 7> A —¢

b+c b+c
T<A—-¢c T>A-c and rgﬁ‘ T>f5 1)
A< e ME SE A > g ME DE

We can then derive the overall equilibrium.

b+cp
1—p
ticipates. In the resulting marketplace equilibrium, p% = c+ A, pf = A and p} = 0. All reqular consumers

Proposition C.1 (Separation mode overall equilibrium) My sets 75°P = min {A —c, } and S par-
buy from S on My and direct consumers buy directly. Fquilibrium profits are Hj’f[g = 75 (1 — ),
Y = 0 and 7°% = max {pA, A —c—b}. Moreover, 37" + " < el - with strict inequality if

b+c
A< Tt

Proof. If S does not participate on My, it is straightforward to see that Lemma 7 applies. This
is because following S’s non-participation decision, the pricing problem faced by R in the separation
mode is the same as the one faced by M in the dual mode. For any given 7, it follows that S’s non-

participation profit is 7™ = max {uA, A — b — ¢}, and so S always weakly prefers to participate. Then,
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using the summary above of the possible equilibria that can arise after S decides to participate, we

obtain the equilibrium stated in Proposition C.1. For the last part of the proposition, when A > b“

—u
we have TI37" + TI37 = (b+cli‘)(1 — p) = IT%aly when A < {’fi, we have TT%% = (b4 puA) (1 — )

(A —¢) (1 — p) =" + TR, where the last inequality is due to A < f_ii < A—c<b+puA n

We can now add the separation mode into the comparison of profits and welfare across the various

modes:

Proposition C.2 (Comparisons, with separation mode).
o S’s p'f'OﬁLL,' ﬂ_mark:et > ﬂ_dual — 5P — ,n_sell‘

o Welfare: Waual — yyymarket > yyysell “yhere the inequality is strict if b > 0. Wl > WWseP yhere
the inequality is strict if F' > 0.

e Direct consumers: CS3¢ > (¢ Gdual — cgmarket — (1 Gsep

direct direct direct direct "
. b+c sep _ dual _ sell market . ; b+c
¢ REgUZaT CONSUMET'S! ]f A > 1—p? CSregular - C1Sregular - OSregular > CSregular ) Zf A< 1—p’
sep dual sell market b+c
CS egutar = CSreguiar > CS eguiar > CSlegular » Where the weak inequality is strict if A <

e Total consumer surplus: If A > b+c , C§sell > ¢ gdual — o gsep 5 g gmarket . jf A < ffﬁ, CS5ep >
CSual > ¢ gmarket phere the weak inequality is strict if A < b+c o and C S > ¢ gmarket

Proof. Welfare in the dual mode and the separation mode matches that under the marketplace mode
given that in all these settings, regular consumers buy S via M’s marketplace. Turning next to consumer
surplus, note C’S;ffect = OSdual = ggmarket oiven p* = ¢+ A in all three modes, while for regular

consumers, C'S*%¢ =v+b =

regul ar

Comparing M’s profit in the dual mode and the separation mode, we find 1%/ > 137 + 1137, with
strict inequality if A < %. On this range of A, we have 75? = A — ¢ < b+ pA = 7% je. the
marketplace collects a lower commission in separation mode. To see why, recall that in dual mode, when
T > A —¢, we have pf = c+ 7 and p};, = c+ 7 — A > 0, and this is an equilibrium because M has
no incentive to undercut further given that it is earning its commission. However, in separation mode,
pf = c+ 7 and pi = ¢+ 7 — A does not constitute an equilibrium because R does not internalize the
revenue from the commission and hence it does want to undercut. The competition with R implies a
stronger “margin squeeze” on S’s inside price, relative to the squeeze in dual mode. Consequently, the
marketplace cannot set its commission above A — ¢ because it needs to take into account that S may
make a negative margin from inside sales. The lower commission in separation mode reflects the inability
of My and R to internalize each other’s profit (as compared to the dual mode).

We are now ready to examine the effect of a ban on dual mode. Assume that the separation mode
involves some additional fixed cost F© > 0 for M to set up the two separate divisions (e.g. separate
websites, separate teams). As a result, [1°? = II37" + 3" — F = 75 (1 — pu) — F.

Proposition C.3 (Ban on dual mode when M can commit to separation mode)

o IfF<u(b+c) and A > max{ (2c+b—|— = u) ,c+b+ %}, then a ban on the dual mode
results in M choosing the sepamtwn mode, with CSieguiar and CS increasing, CSairect and m not

changing, and I and W decreasing.

oIfA<m1n{ <2c+b—|— Ton
seller mode, wzth C Sregular decreasmg, C'Sdirect increasing, ™ not changing; I and W decreasing;
and CS decreasing if A < b+ c and increasing if A > b+ c.

} then a ban on the dual mode results in M choosing the

18



e For all other parameter values, a ban on the dual mode results in M choosing the marketplace

mode, with CSiegular, C'S and 11 decreasing; 7 increasing; and CSgirect and W not changing.

Proof. (Proposition C.3). By inspection, if A > b+c , then

b
IIser = ( +Cu)(]——ﬂ)—F>0:HS€”
L—p
sep b+ CH sell
I = (l_u)(l—p)—sz(l—u):H = F<(b+op.
Suppose instead A < b*ﬁ
F
M = (A—c¢)(1—p)—F>b(1—p) =1k — Azc+b+m,
| 2¢+b+ 1
I’ = (A-c)Q—-—p)—F>b+pA+c—A)(1—p)=II"" <= A > 27“
—p
Hmarket > Hsell — A > ¢
L—p
ctby E_
If F < pc—b(1 — p), the ordering of these thresholds is: ¢+ b+ £ m 2?’% T < fi; If
F € [pc—b(1 — p), (b + ¢)], the ordering of these thresholds is: fu < L <c+b+ % < ffz
If F > pc+ pb, the ordering of these thresholds is: %, < 26?% < b+c < c+b+ 1= . Combining
the comparisons for these thresholds yields:
e Suppose F' < p1(b+¢)— (2c+b+1 “)

and seller mode if A < 5= (20 +b+ —)

e Suppose F € ub+c)—bu+c). A ban on dual mode results in separation mode if A >
c+b+1— marketplace mode if A € [ ,Ct+b+ g }

e Suppose F' > p(b+ ¢). A ban on dual mode results in marketplace mode if A > ﬁ; seller mode

c
= 1—pu-

Relative to the baseline model, the new possibility in Proposition C.3 is that M can choose the
separation mode after the ban on its dual mode, which it will do when F'is low and A is high. Compared
to the dual mode, the separation mode always results in higher consumer surplus. Intuitively, in the
separation mode, the stronger margin squeeze leads to an even lower inside price. However, the separation
mode is less welfare-efficient due to the fixed cost of having two separate modes.

Comparing the post-intervention outcome here with Proposition 6, it can be shown that the sep-
aration mode (whenever it is chosen by M) always leads to a higher post-intervention total consumer
surplus, compared to the case where M can only choose between marketplace and seller modes. In this
sense, a softer version of breaking up Amazon — by allowing it to operate two independent divisions —
is preferable to a complete breakup from consumers’ perspective.

Finally, we verify that the post-intervention outcome in the separation mode results in a higher
consumer surplus than the post-intervention outcome when the separation mode is unavailable. We focus
on F<pu(b+ )andA>maX{ (20—|—b—|—1 ),c—&—b—l—%}.

mode is chosen if the separation mode is unavailable, Proposition C.2 implies CSflffect = CSmarket and
CSymar > CSigilect, so OS5 > O§merket If A < £, so that the seller mode is chosen if the
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separation mode is unavailable, we note

CS*P = (v+b)(1—p)+(v—0c)
v—c+(1—p)d+ec)

v—c+(1-p)?A

voct (=)A= (L-p)(1—n)(b+c—A)
— csell

AV |

%

where 7 is the probability that regular consumers buy from M in the equilibrium.

D Section 4 with alternative comparisons

D.1 Product recommendations and steering only

Consider the alternative version of the model in Section 4 with product recommendations and steering
but in which imitation is always prohibited throughout. We assume that the innovation decision is
still endogenous, even though the results below remain the same if it is exogenous. In this setting, we
re-examine the implications of (i) banning dual mode and (ii) banning steering.

The marketplace and seller modes remain the same as in Section 4. Meanwhile the equilibrium of
the dual mode is described in Lemma 9. If dual mode is banned, we know M switches to seller mode.

The following results follow from direct comparisons:

e A ban on the dual mode results in M choosing the seller mode, with II, A, and W decreasing; 7,
CS, CSreguiar, and C'Sgjrecs remaining unchanged.

If steering is banned, then following the analysis in the proof of Proposition 11 we know M will
choose the seller mode if min (bJ“_c , MA} < ¢ and continues in the dual mode if min { (bJr_C , ,uA}
We therefore get the following rebult.

e If min { (bJr_C , ,uA} < ¢, requiring objective recommendations results in M choosing the seller

mode, with II, A, and W decreasing; 7, C'S, CSyeguiar, and C'Sgirecs remaining unchanged.

e If min { (b+

,uA} > ¢, requiring objective recommendations results in M continuing to choose
the dual mode, with II decreasing; 7, C'S, and CSreguiar increasing; A, W, and C'Sgjrect remaining

unchanged.

Comparing these two interventions, we note they lead to different outcomes when min { (b+c)“ ,uA} >
c. In particular, C'Sreguiar, CS, 11, m, A, and W are all weakly higher when steering is banned compared
to the case of an outright ban on the dual mode. Hence, requiring objective recommendations may be a

more targeted remedy in addressing biased recommendations.

D.2 Innovation and product imitation only

Consider the alternative version of the model in Section 4 with innovation and product imitation but
in which steering is prohibited. This means that we adopt the same information assumption as in the
baseline model, i.e. regular consumers are aware of all available products in the market, regardless of
whether S participates on M. We re-examine the implications of (i) banning dual mode and (ii) banning
imitation.

The marketplace remains the same as Section 4. .S extracts the entire innovation surplus, it optimally

chooses A™arket — AH
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In the seller mode, by Proposition 2, we have

_ btc
7ol (A) = pA = K(A) for A<q% (D.1)
A—b—c—K(A) for A>f_i#

7%l is continuous but it may not be single-peaked depending on other parameters, and the profit-

maximizing A can be characterized as:
Lemma D.1 (Innovation level in the seller mode). Denote

AF — uAF — (K(AF) - K(AL))
1—p

A € (AL, AH),

o Suppose A > b+c o in equilibrium A% = AH . The equilibrium profits are 115" = 0 and m5" =

AT b e K (AH),

o Suppose A < f_i;: in equilibrium A% = AL, The equilibrium profits are II*¢" = (1 — 1) (c +b—(1—p) AL)
and 7% = pAL — (AL).

Proof. For all {’%ﬁ < AL, 7€l (A) has exactly one interior peak point at A = A7 > AL > ffﬁ, so S
optimally chooses Af. For all ﬂ > AH 7sell (A) has exactly one interior peak point at A = Al <
A < b+c , S0 S optimally chooses AL For Al < b+° < AH 7sell (A) has two interior peak points:

max 7 (A) = puAF — K(AY)  and max 7 (A)= A" —b—c— K(AF),

A< pEe A bte
— 1= — K

where 75¢!! (AL) gell (AH) if and only if

bre AT pAt - (K(AT) - K(A")

A.
1—p 1—pw

It is straightforward to verify that A € [AF, AH], using that AY = argmax {uA — K(A)} and A7 =
argmax {A — K(A)}. Note if i’_i; = A, then 7°¢ (AL) = 75! (AH#) so that S is indifferent, in which

case our equilibrium selection rule implies that the equilibrium with innovation A’ is selected. m

Consider the dual mode. We first solve for the pricing in stage 4 assuming product imitation occurs.
This is the same subgame considered in Section 4 when steering is banned, and the equilibrium for each
given (7, A) is described by Lemma 10, with equilibrium profits IT = (¢ + min {b + pA,7}) (1 — ) and
m = pA. Meanwhile, if product imitation does not occur, the equilibrium in stage 4 is given by Lemmas
1 - 3 in the main text. Comparing across these equilibria, it follows that M always wants to imitate S’s
product at the beginning of stage 3.

In the presence of product imitation, and given that regular consumers are always aware of S, S

does not always find it profitable to join the marketplace. Specifically, for each given A, if A > ffz
then S’s non-participation profit is A — b — ¢, which is higher than its participation profit and so it does

not participate (we denote this outcome as NP). If instead A < sz’ S’s non-participation profit is Ay,
which is the same as its participation profit with imitation. Based on our selection rule, we select the
equilibrium in which S breaks the tie in favor of participating. See Section E of the Online Appendix on
how this tie-breaking rule can be seen as a limiting case in which the extent of horizontal differentiation
between M and S becomes arbitrarily small.

Then, S’s expected profit in stage 2 is

—dual(A), MA_K(A) (RE) for AS%
| A-b—c—K(A) (NP) for A>{<
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This function is the same as equation (D.1) so that S’s optimal A can be characterized similarly to

Lemma D.1. Then, the overall equilibrium in dual mode is:

Proposition D.1 (Dual mode equilibrium with product imitation) M sets T4 = b4+ uAL.

o IfA > ffi, S sets A = A and does not participate in stage 2. In stage 3, pX = A" — b, and

pi, = 0, all regular consumers buy from S directly, while [17% = 0 and 79 = AH —p—c— K (AH).
o If A < ffz
p; = ¢+ 7% all regular consumers buy from M, while II™* = (1 — ) (b+ c+ pA*) and

7.l_dual — MAL _ K(AL)

, S sets A = AL and participates in stage 2. In stage 3, p! = ¢+ AL and p, =

Proof. The derivation of S’s innovation decision follows from Lemma D.1. Then, given that 7 does not
influence participation, M sets 79% = b 4+ pA’ to maximize its profit in the case where S participates
(i.e. Lemma 10). The complete equilibrium characterization then follows from Lemma 7 (if S does not

participate) and Lemma 10 (if S participates). ®

Notably, if A > 2£¢ the possibility of product imitation deters S from participating in the mar-
1-p

ketplace in case M operates in dual mode. Instead, S sets a high innovation level such that all regular

consumers end up buying from it directly, resulting in M earning zero profit in the dual mode. This
reflects M’s inability to commit to not imitate S’s product. In this case, M prefers the marketplace
mode. On the other hand, if A < ff;, S is willing to participate under dual mode, and M prefers the
dual mode over the other two modes.

Banning the dual mode in the presence of product imitation has the following implications:

o If A >

ff;, a ban on the dual mode has no effect.

il
mode, with II, CSyeguiar, and CS decreasing; m and A increasing; CSgirec: n0t changing; and W

e If A< % and AL > fﬂ, a ban on the dual mode results in M choosing the marketplace

decreasing if ¢ > A — A, not changing if c = A — A%, and increasing if ¢ < A — AL,

o IfAK % and AL < ﬁ, a ban on the dual mode results in M choosing the seller mode, with
II, CSreguiar, and W decreasing; C'Sgirect increasing; m and A not changing; and C'S decreasing if
AT < b+ ¢, not changing if A = b+ ¢, and increasing if AY > b+ c.

Proof. We focus on A < % in what follows. In this case, I = (1 — p) (b4 ¢+ pA¥) which is
higher than IT°¢" = (1 — pu)(b+c — (1 — p)AL) and TI™a7%¢ = (1 — p)b. Next, Aduel = Asell = AL <
AH = Amarket  For welfare:

wmarket - — gy A 4 (1 - p)b—c— K(AY)

waval =y AL (1= p) b — pe — K(AD),

given that M sells to all regular consumers in dual mode. Therefore, W™e ket » Jydual if and only

if A — AL = AH*K(AH);_(f‘LfK(AL)) > ¢. Meanwhile Wl > Wsell follows from the baseline model

(since these two modes have the same A). In the dual mode, p¥, = ¢ + 7% = ¢+ AL + b, so when
AF > <., we have cSdual —y —c4 (1 —p) AL > CSmarket — 4 — ¢, When instead AL < <~ the

1— regular regular = 11—
distribution support pj € [c + pA*, ¢ + A] in seller mode implies CS3elL, - < v — ¢+ (1 — p) A, so it
follows that CSf:ﬁlm > CSfjglfdar. Meanwhile p} = ¢+ A in both the marketplace mode and the dual
mode, so CS9ual = Cgmarket — 4 ¢ < OS5 | Tt follows that CS%ual > Cgmarket Next,

Cssell _ Wsell _ Hsell _ 7_l,sell

= v—c+ (1 -pPAY + (1 -1 -n)(AF —b-c),
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while
CS™M = (1 — p) Ol + pCSEe, = v—c+ (1 — p)*Al.

regular

So C8%al < ¢ §sell if and only if AL —b—¢>0. m

Surprisingly, even though we allow for the possibility of M to freely imitate S’s superior product in

dual mode, and we take into account the effect of this through S’s choice on how much to innovate, a
b+
M always prefers the marketplace mode (since in dual mode, S would not participate) and hence the
ban has no effect. If A < % and AL < 13#’ the ban results in M choosing the seller mode, with
qualitative implications that are the same as the second part of Proposition 6 in the main text.

ban on dual mode is not necessarily good for consumers or welfare. Specifically, note that if A >

The interesting case occurs when A < f%ﬁ and AL > ﬁ, whereby the ban results in M choosing
the marketplace mode, with qualitative implications similar to the first part of Proposition 6 in the main
text except that welfare can increase after the ban. This reflects the trade-off between the innovation
incentive and utilizing M’s inherent cost advantage, as discussed in the main text.

An alternative policy would be to ban imitation while still allowing M to operate in dual mode:

1
(i.e. the ban makes the dual mode viable), with II, C'Syeguiar, and CS increasing; 7 decreasing;

o If A > bf;, a ban on imitation results in M switching from the marketplace to the dual mode

and CSgirect, A, and W not changing.

o If A < ff;, a ban on imitation results in M continuing to operate in the dual mode, with A,
CSreguiar, and CS increasing; m and CSgirec; not changing; W decreasing if A — Al < ¢, not
changing if A — A = ¢, and increasing if A — A* > ¢; and II decreasing if A — AF < ﬁ, not

changing if A — AL = ﬁ, and increasing if A — AL > ﬁ

Proof. In this proof, we use superscript dual (I) to denote the equilibrium of the dual mode with
imitation, and dual (NI) to denote the equilibrium of the dual mode without imitation. It is easy to

derive the equilibrium in the dual mode without imitation:

o M sets 74ual(NT) — p 4y min { ffz,ﬁ}, S participates and chooses innovation level A,

o IfA > ffz, the equilibrium prices are p% = ¢ + A p* = AH and p¥, = 0.

dual(NT) + AH

o If A < ¢ the equilibrium prices are pi = ¢+ A, pf = c+ 7 — A, and pf, =

1—p
¢+ Tdual _ A,

e All regular consumers buy from S on M and direct consumers buy directly.

e The equilibrium profits are IT4e{NT) — zdual(NI) (1 _ ) and 7@e/NT) = max {AF —b—c, A — A(1—-p)}-
K (Af).

When A > ff;, the profit from the dual mode without imitation is T ND = b4 e > b(1 — p) =

IImerket — So the ban on imitation means M switches from the marketplace mode to the dual mode

without imitation. We have

CSZZ;ZLZZ(;:I) = v+ A" +p—AH :v+b>v_czcszggllgert
O O
Wdual(NI) — Wmarkret:,U_C_i_AH_’_(l_u)b_K(AH).

Finally, ﬂ-dual(NI) — AH _ K(AH) —b—c< AH _ K(AH) — gmarket
For A < ffz, profit from the dual mode without imitation is IT# (N1 — (1 — ) (b4 pA) >

max {Hm‘”k’et, HS"‘”} = max {(1 — )b, (1 —p) (b +c—(1—p) AL) }, where the inequality utilizes pA >
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pAL > ¢ — (1 —pu) AL, So the ban on imitation means M continues to operate in the dual mode, but

without imitation. Note Waual(NI) — yymarket and go WaualNI) > yydual(l) if and only if A — AL =
H H L L

AT-K@AT)-(ATK@ATY) S Meanwhile, OgIualND) _ cgdualll) _ o and 0§D ) ¢ +

1—p direct direct regular
(1—pu)A>v—ct+(l—p)Al = C’Sf;ill(alr). Combining both comparisons yields C' S¢a(NT) ~ ¢ gdual(l)
Next we note that

pdual(ND - — maX{AH —b—c, A —(1 - A} — K(AH)

AT (1- p)A - K(AM)
_ ,LLAL o K(AL) _ ﬂ_dual(I).

Finally, 19 = (1 — p) (¢ + b+ pAL), which is higher than I /(N1 = (b + uA) (1 — p) if and only
if
b+ % (A" — ALy — (K(AT) = K(A"))) < e+ b+ pAL,

or, equivalently, A — AL < n

£.

= u
Comparing these two interventions, we note that banning imitation always results in M operating in
dual mode while banning dual mode outright results in M switching to either the marketplace mode or
the seller mode. This comparison implies W and C'Sycguiar are weakly higher and C'Sgirect is weakly lower
when imitation is banned relative to the outcome when the dual mode is banned, suggesting banning

imitation under dual mode may be better than banning dual mode altogether.

E Section 4 with imperfect imitation and horizontal differenti-

ation

In this section, we allow product imitation to be imperfect to explore how this affects the results derived
in Section 4 of the main text. Suppose after M imitates S’s product, its imitation product has value
v+ A — tx;, where t € (0,AF) is a parameter capturing the imperfection in imitation, and z; is a
consumer-specific disutility for the imperfect imitation product, which is identically and independently
drawn from uniform distribution over [0,1]. Moreover, M observes the realization of x; before making
its product recommendations. Notice that if ¢ — 0 then we recover the model with perfect imitation in
Section 4.

If product imitation has not occurred in stage 3, then the stage 4 pricing game unfolds as in Section
4. In particular, M’s profit is Il = 7(1 — p) if 7 € b+ ¢,b+ A] and IT = (b+ ¢)(1 — ) otherwise.

Next, we solve the stage 4 pricing game in case product imitation has occurred in stage 3. Suppose
7 < b+ A (later, we will verify that M never has a strict incentive to set 7 > b+ A). It is easy to see that
M recommends S if (i) S’s inside product is preferred by regular consumers over the products available
in the direct channel (formally, A + b — p; > max {A — p,, —c}) and (ii) the commission is higher than
the margin M could earn by trying to sell itself (formally, p,, < 7 or b+ A — tz; — p,, < —c¢). The
recommendation strategy by M means S’s pricing never affects S’s probability to get recommended as
long as p; < p, + b. As such, S optimally increases both prices until p; = c+ A + b and p, = ¢+ A.

Let G denote the cummulative distribution function of uniform distribution, then M’s pricing prob-

lem in stage 3 is to choose p,, < b+ ¢+ A to maximize

- 7(1—p) for p, <7
D)= (o =716 (B4 ) (1= )+ 71— ) for p > 7

Using the usual first-order condition and taking into account boundary constraints, the optimal price by
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. M% for T>b+A+4+c—2t
Pm = b+A+c—t for 7T<b+A+c—2t

Intuitively, when 7 and t are large such that 7 > b+ A + ¢ — 2¢ holds, M’s pricing is such that S still
makes a positive amount of sales in equilibrium. The two firms’ profits (ignoring the innovation cost)

are

l—p (b+A+c—7\2

m = “( tate T) Y1 —p)
¢ 2

17b+A+C—’T

o= (A+b¢)< o

> (1= p) + pA.

In contrast, if 7 and ¢ are small such that 7 > b+ A+ ¢ — 2t holds, it is more profitable for M to make all
the sales by itself, and we have an outcome that is analogous to the perfect imitation model in Section
4. Profits are Il = (b+ A + ¢ —t)(1 — ) and 7 = pA. Comparing these profits to the subgame without
imitation, it is clear that M prefers to imitate in stage 3.

In stage 2, if S does not participate, all regular consumers are unaware of it and so S’s profit is
uA. Therefore, S always weakly prefer to participate as long as 7 < b+ A, and strictly so if 7 €
b+ A+c—2t,b+ A). Notice that (b + A + ¢ — 2t,b+ A) is non-empty as long as ¢t > ¢/2. This
verifies the claim in the main text that if the extent of differentiation between M’s and S’s product is
not too small then S has a strict incentive to participate. The incentive to participate becomes smaller
as t decreases and becomes zero when t = ¢/2. Hence, the assumption of S breaking tie in favor of
participation in Section 4 can be seen as a special case of letting ¢t — ¢/2 from above. To be more
precise, we select the tie-breaking outcome as the limit of ¢ — ¢/2, and then apply this tie-breaking for
all t < ¢/2, which then includes the case of t — 0 (perfect imitation, as in Section 4).

In what follows, we focus on the case of ¢ > ¢/2 (if t < ¢/2, the analysis of the model is the same as

in the dual mode of Section 4). This means that S’s choice of innovation is

argmAaX{(A—l-b—T) (1 _ ”A;C_T> (1-p) +uA—K(A)},
e, A*(r) solves
(1—26t+7_bt_A*> (1—p)+p = K'(A%). (E.1)

Notice that 83%* € (0,1 — p) given K is convex.

In stage 1, M optimally sets the highest possible 7 subject to the participation constraint of S, i.e.
rdual solves 7 = b+ A*(7). For any 7 that is higher, S never makes sale on the platform, resulting
in weakly lower profit for M (and strictly so if ¢ > ¢/2). Substituting the fixed-point relationship 7 =
b+ A*(7) into (E.1), the equilibrium innovation in dual mode (with imperfect imitation) is Adve! = AP
where AP solves

K'(AP)y=1- % (E.2)

Clearly, AP < AH. In addition, AP > AL whenever t > ¢/2 and AP = AF whenever t < ¢/2. To

summarize:

Proposition E.1 (Dual mode equilibrium with imperfect product imitation and steering)

o Suppose t > c/2. In the overall equilibrium M sets 7% = b+ AP . S sets AP given by (E.2) and

participates. In the pricing subgame, p; = ¢+ AP and pf = ¢+ AP + b, while p}, = b+ AP + 5.

S b+A+tc7pm

M recommends its own product to reqular consumers who have x; and recommends

S'’s product to regular consumers who have x; > W&.
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o Suppose t < c/2. In the overall equilibrium M sets 7% = b+ AL, S sets A¥ and participates. In
the pricing subgame, p% = c+ AP and p! = c+ AP +b, while p}, = c+ AP +b—t. M recommends

its own product to all reqular consumers.

The equilibrium profits are TT%4 = (min {i—i, c— t} +b+ AD) (1—p) and 7@t = yAP —K(AD).

A few quick remarks are in order. First, the innovation level AP is weakly higher than the innovation
level AL when the imitation is perfect, and strictly so when ¢ > ¢/2. Second, M’s price leaves each regular
consumer with surplus greater than v—c due to the heterogeneity in consumer disutility for M’s imperfect

imitation product:

£

2t
CSregula,'r = v—c+ t/
0

.—.
| o

‘(‘:
NN

— ] da;
} .

The following results are analogous to the policy interventions discussed in Section 4. We first note that

t

N | =+

b

Qo
&

v — ¢+ min {
E.1 Policy interventions

the post-ban equilibria for (i) ban on dual mode, (ii) ban on product imitation, and (iii) ban on both
product imitation and steering are all unaffected by the possibility of imperfect imitation, meaning that
these equilibria are the same as in Section 4. Comparing these outcomes with Proposition E.1 yields the

following results.

e A ban on the dual mode results in M choosing the seller mode, with II, A, CSreguiar, C'S, and W

decreasing; C'Sgirect and m remaining unchanged.

e A ban on imitation results in M continuing in the dual mode, with A increasing; 7 remaining

02

unchanged; C'S decreasing; II increasing if and only if min {E’ c— t} < A — AP; W increasing if

2 H _ H _ (AD _ D 2
min C—,c—t < A K (& K7) —min{ & E . (E.3)
4t 1—p

and only if

e If min {%, MA} < ¢, a ban on both imitation and steering results in the same implications as

a ban on the dual mode.

o If min {%, uﬁ} > ¢, a ban on both imitation and steering results in M continuing to operate

in the dual mode, with II decreasing; m, A, increasing; C'Sgirect remaining unchanged; CSyeguiar

and C'S increasing if and only if min {;—i, %} < (1 — p) min { fi; , A}; W increasing if and only if
(E.3) holds.

These results recover Propositions 8, 9, and 11 if ¢ — 0.

We now consider the equilibrium when only steering is banned. For simplicity, we focus on the case
of u — 0. It is easy to verify that M always wants to imitate S’s product in stage 3. Therefore, it
suffices to solve the stage 4 pricing game in case product imitation has occurred in stage 3. There are
two possible equilibria in the pricing subgame: (i) p < b+ p} so that S’s outside channel is inactive in
equilibrium and all regular consumers buy on the marketplace; and (ii) p; > b+ p’ so that S’s inside
channel is inactive in equilibrium. Given p — 0, the first type of equilibrium exists if and only if 7 < b,

and the second type of equilibrium exists if and only if 7 > b.
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We now derive the first type of equilibrium (p < b+ p}). A consumer is indifferent between M’s
and S’s product if and only if tx; = p; — p,. The profit functions (ignoring the innovation cost) are

ﬂ D (pz pm) +r (1_ pm)
t t

(pm—T) (pZ tpm>+7_7

o= (pi—c—7)<1—pi_tpm>.

The equilibrium prices are

ctt 2(c+t) )
_— + T, = +T for ¢>
(P D7) = { ( S

(E.4)
(c+7—tc+7) for t<

Njo N0

Intuitively, when t is sufficiently small, in equilibrium M sells to all regular consumers given its cost
advantage. For ¢t < ¢/2, the equilibrium profits are H=c—t+7andm=0. For ¢ > ¢/2, the equilibrium
profits are nm=1 (CH) +7and T = % (%)2 We know S’s non-participation profit is zero and so it
always weakly prefers to participate, and strictly so if ¢t > ¢/2.

Following the same derivation, we can derive the second type of equilibrium (p} > b+ p}). The

<p0+b_pm)
Pm I

T o= (po—C)(l—M>.

relevant profit functions are

jal
|

t

The equilibrium prices are

ctbtt 2Actbtt) b) for t> <tb
(P D) = ( o ’
(%b, c) for t < <o

And equilibrium profit of M is IT = 5 (c+b+ £ if ¢t > <t and m=1L & (c+ b)?if t < <t In addition,
S always weakly prefers to participate, and strictly so if ¢ > C+b

Comparing the two types of equilibria, we note (i) in stage 2, S’s profit is always decreasing in A
given it bears the entire innovation cost, and so it always chooses AL; (ii) in stage 1, M always prefers
setting 7 = b because the profit from the first type of equilibrium is increasing in 7 and higher than the
profit from the second type of equilibrium (to see this, notice - fI|T:b =0 when b =0 and II — fI|T:b
is decreasing in b).

In the overall equilibrium of dual mode after steering is banned, M sets 7 = b. S sets AL and
participates. In the pricing subgaume7 pl, and pf are given by (E.4), and p} > pf +b. M’s equilibrium
profit is IT = min { n ( C;rt) — t}er. However, this profit is lower than what M could earn by operating
as a seller (b+ c¢). Hence, the ban always result in M switching to seller mode. Comparing the outcome
with Proposition E.1 yields the following result (recall that we have assumed g — 0 so C'S = CSpeguiar):

e A ban on steering results in M choosing the seller mode, with IT, A, C'S, and W decreasing; and

7 remaining unchanged.

It should be emphasized that the result of M always choosing the seller mode is an artefact of u — 0
and t > 0. More generally, if p > 0, then in the dual mode without steering M is able to set 7 > b while

still sustaining the first type of equilibrium (i.e. all regular consumers buy on the platform). When p is
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not too small relative to ¢, a ban on steering would instead result in M continuing to choose the dual

mode (with imitation but without steering), as in Section 4 of the main text.

F Competition and endogenous market structure

If both intermediaries operate as pure sellers, then in equilibrium IT} = II5 = 0 by the logic for symmetric
Bertrand competition between M; and M. If both intermediaries operate as pure marketplaces both
intermediaries must compete their fees down to zero in order to attract S, implying II7 = II5 = 0 in
the overall equilibrium. If exactly one intermediary operates as pure seller and the other intermediary
operates one of the other two modes, then the analysis proceeds as in the separation mode in Section C.
When the other intermediary operates as the dual mode, the only caveat is that in SE of Table C.1, we
have p} = 0 exactly. Then, the overall equilibrium is described by Proposition C.1. Therefore, there are
only two remaining cases to consider: when at least one intermediary operates in the dual mode, while

the other intermediary operates as either (1) the dual mode or (2) the marketplace mode.

F.1 Both M; and M, operate in dual mode

Consider the stage 3 subgame. As in the baseline model, there are three broad types of equilibria:

e marketplace equilibria (all regular consumers purchase from S through one of the marketplaces);
e direct sales equilibria (all regular consumers purchase from S directly);

e seller equilibria (at least one of the intermediaries make a positive amount of sales to regular

consumers).

We assume, without loss of generality, 71 < 79, and whenever regular consumers are indifferent
between S’s product offered in both marketplaces, they purchase through M;j. All other tie-breaking
rules follow from the baseline model. We first solve the equilibrium of the stage 3 subgame, assuming
that S participates on both marketplaces. Let p},; and pJ,, denote the prices set by M; and Ms, and
let p;1 and p;o be the inside prices set by S when selling through M; and Ms.

Lemma F.1 In any marketplace equilibrium, pl, > pho =0, pfy = A, ply > A, pi =c+ A. The

b+cu
1—p

equilibrium exists if and only if 1 < min<{ A — ¢,
My, =0, and m=pA+ (A —c—11) (1 — p).

The equilibrium profits are My, = 71(1 — p),

Proof. Suppose 71 < 73, S’s price must be such that all such purchases are made through M, as
otherwise it can profitably raise its price at Ms, p;2, to divert consumers to M; where the margin is
higher. This implies Ms’s profit is zero in any such equilibrium, so it necessarily has an incentive to
deviate to attract regular consumers with its own offering, as long as pj; > A. This implies in equilibrium
P =A, plh > A, pi =c+ A, and My sets p),, = 0, and M;’s price is indeterminate and can take any
value p’,; > 0. Clearly, M; and My have no incentive to deviate. To ensure the stated price profile is
indeed an equilibrium, it remains to check (i) S is not making losses inside (A — ¢ — 7 > 0); and (ii) S
has no incentive to set a low p, to attract regular consumer to the direct channel, which requires
b+ cu

A—b—cSMA+(1—u)(A—c—Tl)<:)71§1 .
—p

Finally, there is no other marketpalce equilibrium given we ruled out all equilibria involving weakly
dominated strategies.
Suppose 11 = 72 = 7. Given the symmetry, S sets the same inside prices across the two marketplaces,

so pf; = ply = pf. The equilibrium profits of M; and Mj are, respectively, 7 (1 — 1) and zero given the
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tie-breaking rule. This implies My’s profit is zero in any such equilibrium, so it necessarily has an
incentive to deviate to attract regular consumers with its own offering. Thus, the remaining steps follow

immediately from the previous paragraph. m

Lemma F.2 (Direct sales equilibrium)

o IfA< bfz, then there is no direct sales equilibrium.

1

o [fA>
sales equilibrium. Direct sales equilibria exist if and only if 7 >
Oy, =y, =0 and mr=A—-b—c.

ffﬁ, then any price profile satisfying pf; = pis > A, pi1 = Do =0, pb = A —b is a direct

b+cp
1—p

The equilibrium profits are

Proof. The proof of Lemma 2 applies.

Lemma F.3 (Seller equilibrium)

o I[fA L ffz and 71 > A — ¢, in the seller equilibrium, pl, = pho = 0, i > A, ply > A,

and pi = ¢+ A is a seller equilibrium. All regular consumers either buy from My or Ms. The

equilibrium profits are Iy, = a, =0 and m = pA.

o IfA>

i’fz or 11 < A — ¢, there is no seller equilibrium.

Proof. For A < %ﬁ and 7 > A — ¢, M and M, clearly have no incentive to deviate. S’s equilibrium
profit is Ay, while its deviation profit is either A — b — ¢ (from setting a low outside price) or Ap +
(1 —p) (A —c— 1) (from setting a low inside price), both of which are lower than the equilibrium profit.

Ifrn<A—-corA> ff;, then at least one of these two deviation becomes strictly profitable for S, and

the equilibrium above does not exist. m

Combining these lemmas, for 71 < 75 the equilibria of the stage 3 subgame, conditional on S partic-

ipating on both marketplaces, can be summarized as:

e In marketplace equilibria (ME), Iy, = 71(1 — p), Hp, = 0, and 7 = pA + (A —c— 1) (1 — p).
b+cp
1—p

The equilibrium exists if and only if 7y < min {A —c,

e In direct sales equilibria (DE), Iy, = I, =0, and # = A — b — ¢. The equilibrium exists if and

only if A > ff; and 7 > blt—clf

e In seller equilibria (SE), IIy;, = Uy, = 0, and 7 = pA. The equilibrium exists if and only if
Ag%andﬁ >A—c.

T1 S A—c T > A—c 1 S bltcll; > bl-&;cl;;
b+c and brc (Fl)
A< = ME SE A > phe ME DE

If instead S participates only on one of the marketplaces (say, M7), then the analysis proceeds as if
M is operating as a pure seller. The existing results on the separation mode (Section C) then apply.

And the categorization in Table F.1 also applies but with slightly different equilibrium profits:

e In marketplace equilibria (ME), Uy, = 7(1— ), Uy, = 0, and 7 = pA + (1 —p) (A —c— 7).
b+cp
1—p

The equilibrium exists if and only if 7 < min {A —c,

e In direct sales equilibria (DE), ITy;, = I, = 0, and 7 = A — b — ¢. The equilibrium exists if and

. b+c bt+cp
only if A > i and 71 > S
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o In seller equilibria (SE), I, =0, Har, = pi (1 — p), and 7 = pA, where

pr € [0,min{c—A+7,c+b—(1—pu)A}].

The equilibrium exists if and only if A < i’fz and 71 > A —c.

Finally, if S does not participate at all, it competes with two pure sellers. As described in the main
text, this results in both platforms setting p),; = pi,o = 0, and S either sets p; = ¢+ A and sells only
to direct consumers (7 = pA), or sets pi = A — b and sells to all consumers (1 = A —b — ¢).

Comparing these profits, and given that S is free to join both marketplaces and that S breaks ties
in favor of participating, we conclude that in stage 2 S participates on both platforms if multihoming
is costless. We know that My’s equilibrium profit (in the pricing subgame) is zero as long as 7 < 75.

Therefore, in stage 1, for each given level of M;’s commission 71 > 0, M5 has an incentive to undercut by

bt+cp
1—p

on My’s marketplace. A symmetric argument implies M; has the same incentive to undercut for any

setting 79 < min {7'1, min {A —c, }} in order to induce an marketplace equilibrium with S selling
given level of 75 > 0, so in equilibrium we have m; = 7 = 0. There is no incentive to unilaterally
deviate upward from this commission level because such a deviation does not affect the equilibrium of
the continuation subgame.

Note if instead multihoming is costly, then S participates only on the cheaper platform (say, Mj).

b4cp

There is no equilibrium with 71 > min ¢ A — ¢, T

} because M; earns zero profit in the resulting direct
b+cp
1—p
earning zero profit. Again, M; and Ms compete in commissions to attract S’s participation, and in

sales or seller equilibria. For 0 < 7, < min {A —c, }, M> has an incentive to undercut to avoid

equilibrium we continue to have 71 = 75 = 0.

F.2 M, operates in dual mode and M, operates in marketplace mode

We first consider the case of 71 > 75. Suppose S participates on both marketplaces. In any equilibrium in
which S is making sales through one of the marketplaces, S’s price must be such that all such purchases
are made through Ms. There is no equilibrium with M; facilitating any sales and so the analysis proceeds
as if S is not available on M (i.e. M; operates as a pure seller). The existing results on the separation
mode (Section C) applies. Therefore, in stage 2, S is weakly better off from participating on both
marketplaces (if multihoming is costless) or participating only on My (if multihoming is costly).
Suppose instead 71 < 79. In any equilibrium in which S is making sales through one of the market-
places, S’s price must be such that all such purchases are made through M;. Therefore, the marketplace
by M, is irrelevant to the analysis, and the pricing unfolds as in the baseline model in Section 3.3.
Therefore, in stage 2, S is weakly better off from participating on both marketplaces (if multihoming is

costless) or participating only on M; (if multihoming is costly).

b+cp
1—p

We can now consider stage 1. There is no equilibrium with 75 > min {A -c } because at

such fee levels S never sells through Ms, regardless of 7. For 0 < 79 < min{ A — ¢, bltcli‘ }, M; has
an incentive to undercut to avoid earning zero profit because otherwise S sells to all regular consumers
through M,. Therefore, in equilibrium we must have 75 = 0 and 74 = 0. There is no incentive to
unilaterally deviate upward from this commission level because such a deviation does not affect the

equilibrium of the continuation subgame.

F.3 Entry decisions

We are now ready to analyze the entry and mode choice decisions of the platforms. We can summarize

both platforms’ profits for all possible combinations of modes in the following table, where the first and
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second entries in each box represent M, and My’s profit without entry cost.

Ms marketplace My seller M5 dual
My marketplace | 0,0 (1 —=p),0 0,0
M seller 0, 7(1 — ) 0,0 0,7°(1 —p) ’
M, dual 0,0 (1 —p),0 0,0
where 7% = min< A — ¢, bltcl‘j } > 0. Recall that My observes M;’s mode choice before making its

decisions. Therefore, My does not have incentive to enter the market as long as M is not operating as a
pure seller given entry cost F' > 0. Anticipating this, M; enters the market and operates in dual mode,

which is indeed the most profitable mode given that Ms does not enter.

G Comparison with wholesaler-retailer model

G.1 Third-party products mode

Suppose that in stage 0 M chooses the third-party products mode. In this case, whenever M does not
sell S’s product, the only alternative available is the fringe suppliers’ product, which is priced at c¢. For
any given wholesale price w set by S in stage 1, there are two possible equilibria in the pricing subgame:
(i) M sells the fringe suppliers’ product in equilibrium; (ii) M sells S’s product in equilibrium. In what
follows, we denote M’s price for S’s product as p3, and M’s price for the fringe product as pf,.

The first equilibrium exists only when w > ¢+ A. To see this, suppose to the contrary that w < c+A,
and consider any equilibrium in which M sells fringe suppliers’ product at some price pf,. In this case,
M earns a margin of p[n —c, but it can profitably deviate to selling S’s product at p;, = pfn + A, resulting
in the same volume of sales, but a strictly higher margin of p/, + A —w. The following lemma follows

from Proposition 2:

Lemma G.1 (Equilibrium with M selling the fringe suppliers’ product ) Suppose w > ¢+ A. In the
pricing subgame:

o [fA > ﬁ, in the equilibrium, p: = c+ A —b and p{* = c. All reqular consumers purchase from
S directly. Equilibrium profits are I =0 and m = A — b.

o IfAL ﬁ, in the mized-strategy equilibrium, pl* is distributed according to c.d.f FJ with support
[e+b—(1—pu)A, c+b|, where

1

R R == (1-

JT7AN

pﬁf—b—i—A—c

1. )forpfn*e[c—kb—(l—u)A,c—Fb];

*

pk is distributed according to c.d.f F, with support [c + pA, c+ A], where

b—(1—p)A *
F, (5f) = 1-— (%) for pielc+pA c+ A)
1 for pi>c+ A

Equilibrium profits are T1 = (b— (1 — pu) A) (1 — p) and m = pA.
The second equilibrium involves M selling S’s product. First, this equilibrium exists only when
w < ¢+ A. Otherwise, suppose w > ¢+ A and M sells S’s product to a positive mass of consumers

at some price p;,. In this case, M earns a margin of pj, — w, but it can profitably deviate to selling

the fringe suppliers’ product at p}, = p5, — A to make the same amount of sales but at a strictly higher
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margin p;, — A — c. Next, we show that in general the equilibrium in which M sells S’s product cannot

exist in pure strategies.

Lemma G.2 If w # ¢+ A, then there is no pure-strateqy equilibrium with M selling S’s product. If
w = c+ A, there is a pure-strategqy equilibrium with M selling S’s product to all reqular consumers at
Py, =c+ A+band S selling its product to all direct consumers at p, = ¢+ A. Equilibrium profits are
MI=b(1—p) and m = A.

Proof. Suppose such an equilibrium exists. Due to the convenience benefit b, in any pure-strategy
equilibrium M sells S’s product to all regular consumers, which then implies S must set p, = ¢ + A to
focus on selling to direct consumers. Given p,, M does best selling S’s product at p;, = ¢+ A +b, which
makes all regular consumers indifferent between buying S’s product from M and buying from S directly.
In this equilibrium, S’s profit is 7€ = pA + (1 — p)(w — ¢) given that it earns from supplying M, and
M’s profit is II®?" = (c+ b+ A —w)(1 — p). If w > c+ A, then M can profitably deviate to selling the
fringe suppliers’ product at pf, = ¢ + b so as to sell to all regular consumers at a strictly higher margin
b. If w < ¢+ A, then S can deviate by slightly lowering its outside price to undercut M, attracting all
consumers and earning 79V = A > pA + (1 — p)(w —¢) = 7°9™. Finally, if w = ¢+ A and ¢ = 0, neither

M nor S have an incentive to deviate from the stated equilibrium. m

When the pure-strategy equilibrium does not exist, we obtain the following mixed-strategy equilib-

rium.

Lemma G.3 (Equilibrium with M selling S’s product) Suppose w < c+A. There exists a mized-strategy

equilibrium in which pyy is distributed according to c.d.f F,,, where

(A +c+b—pyy)

Fm pf; =1-
(#h) (=) (33 —b—w

)forpf,f6[c+,uA+(w—c)(l—u)+b,c+b+A};

ph s distributed according to c.d.f F,, where

F, (57) = 1—% for piefc+puA+(w——c)(1—p),c+A)
? 1 for pi>c+A

Equilibrium profits are 1 = (A4 c—w)u+b) (1 — p) and 7 = pA + (w — ¢)(1 — p).

Proof. We verify the mixed strategy equilibrium stated in the proposition. The cdf F}, is such that S
is indifferent between all p; € [c + pA + (w — ¢)(1 — p), ¢+ A]. When pi = c+ A, S attracts only direct

consumers and obtains profit uA + (w — ¢)(1 — p). Therefore, the indifference condition is

(7, — ) (14 (1= 1) (1= Fy (0 + 1)) + (0 = ©) (1 = ) oy (9 4+ b) = pd + (w — ) (1 — po).
Rearranging the above expression, we can get

(A —ph+c)

1*Fm(2?z+b):m

i

or after the change of variables pJ¥ = p} + b,

wA+c+b—pk)
(1 —p) Py, —b—w)

Then F,, (c+ pA+ (w—¢c)(1 —p)+b) = 0 and F,, (c+b+ A) = 1, so the distribution is atomless.
Meanwhile, the cdf F, is such that M is indifferent between all p3* € [¢ + pA + (w — ¢)(1 — p) + b,c + b+ A].

Fo (pp) =1 -
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When p2¥ = c+ puA + (w—c)(1 —p) +b, M attracts regular consumers with probability one and obtains
profit ((A+c¢—w)u+0b) (1 — p). Therefore, the indifference condition is

P —w) (L= p) (1 = Fo (pr, = 0)) = (A +c—w)p+b) (1 —p).

Using the change of variables pJ¥ = p* + b, we obtain

(A+c—w)p+b

F,(pf)=1-
(o) P

Then, F, (¢ + pA + (w —¢)(1 —p)) =0, and

lm  F, (pf) = 1 — (A+c—w)p+bd

<1
pr—ct+A A+c—w+b

)

so F, has an atom at p5 =c+ A.

Finally, we check that neither player can profitably deviate from the stated mixed strategy equilib-
rium. For S, any p, < ¢+ puA+ (w—c)(1—p), even if it attracts all consumers, earns strictly lower profits
than that obtained from selling only to direct consumers (uA + (w — ¢)(1 — p@)). And any p, > ¢+ A
attracts no consumer due to the existence of fringe sellers. A similar logic applies to rule out M deviating
toany pi, ¢ [c+pA+ (w—c)(1—p)+bc+b+A]l. m

We now consider S’s wholesale price decision. For w < ¢+ A, the equilibrium in the pricing subgame
has M selling S’s product, so that 7 (w) = pA + (w — ¢)(1 — ). Within this region, S clearly does best
setting the highest wholesale price. For w > ¢+ A, the equilibrium in the pricing subgame has M selling
the fringe suppliers’ product, so that 7 (w) = max {uA, A — b} is independent of w. If w = ¢+ A, both
types of equilibrium exists, in which case we select the equilibrium that maximizes S’s profit. Notice
that pA + A(1 — p) > max {uA, A — b}. Hence, we conclude S does best setting w = ¢+ A to induce

the pure-strategy equilibrium in which M sells S’s product. To summarize,

Proposition G.1 Suppose M chooses the third-party products mode. In the overall equilibrium: S sets
*=c+A+b, and S

S
m

the wholesale price w =c+ A, M sells S’s product to all reqular consumers at p
sells its product to all direct consumers at p, = ¢ + A. Equilibrium profits are TP d=party — p (1 — 1)

and ﬂ.thirdfparty = A.

G.2 In-house products mode

Suppose that in stage 0 M chooses the in-house products mode. In what follows, we denote S’s direct
price as p, and the price for in-house brand as p”,. In this case, the pricing subgame unfolds as if M
operates as a pure seller in Section 3.2. Therefore, the equilibrium is described by the following lemma,

which follows from Proposition 2:

Lemma G.4 (Equilibrium with M selling in-house brand only)

o IfA> fi;, there exists a pure-strategqy equilibrium in which p = A —b and p* = 0. All reqular

consumers purchase from S directly. Equilibrium profits are TI'"~house — (0 gnd gin—house —
A—b—c.

o [fFAL ff;, there exists a mized-strategy equilibrium in which pl* is distributed according to c.d.f

F" with support [c+b — (1 — ) A, ¢+ b], where

. 1 pA .
() = = <1ph*_b+A_c> forpl* € le+b—(1—p)Ac+b];
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pi is distributed according to c.d.f F, with support [c + pA,c+ A], where

c+b—(1—p)A *
oy { 1 () o mckraners
1 for pi>c+ A

Equilibrium profits are TI'm—house = (c 4 b — (1 — p) A) (1 — p) and wn—hovse = yA.

G.3 Dual products mode

Suppose that in stage 0 M chooses the dual products mode. For any given wholesale price w set by S
at stage 1, there are two possible equilibria.

In the first equilibrium, M sells its in-house brand only, as in Section 3.2. Therefore, the equilibrium
is the same as in Lemma G.4. This equilibrium exists only when w > A. To see this, suppose to the
contrary that w < A, and consider any equilibrium in which M sells its in-house brand at some price p”,.
In this case, M earns a margin of p”,, but it can profitably deviate to selling S’s product at pS, = p! +A,
resulting in the same volume of sales but a strictly higher margin p? + A — w.

The second type of equilibrium involves M selling S’s product. This equilibrium only exists if w < A.
To see why, suppose w > A and M sells S’s product to a positive mass of consumers at some price p;,,
where p7, is drawn from some possibly degenerate distribution. In this case M earns a margin of p;, —w,
but it can profitably deviate to selling its in-house brand at p},ﬁl = py, — A to make the same amount of

sales but at a strictly higher margin.

Lemma G.5 Ifw # A orc > 0, then there is no pure-strategy equilibrium with M selling S’s product. If
w = A and c = 0, there is a pure-strategy equilibrium with M selling S’s product to all reqular consumers

at py, = c+ A+ b and S selling its product to all direct consumers at p, = ¢+ A.

Proof. Suppose such an equilibrium exists. Due to the convenience benefit b, in any pure-strategy
equilibrium M sells S’s product to all regular consumers, which then implies S must set p, = ¢+ A to focus
on selling to direct consumers. Given p,, M does best selling S’s product at p;,, = ¢+ A+ b which makes
all regular consumers indifferent between buying S’s product from M and buying from S directly. In this
equilibrium, S’s profit is 7™ = pA + (1 — p)(w —¢) and M’s profit is [1°9™ = (c+ b+ A —w)(1 —p). If
w > A, then M can profitably deviate to selling its in-house brand at p”, = c+b to all regular consumers,
obtaining a strictly higher margin. If w < A, then S can deviate by slightly lowering its outside price to
undercut M, attracting all consumers and earning 79 = A > pA + (1 — p)(w — ¢) = 4™, where the
last inequality holds whenever w # A or ¢ > 0. Finally, if w = A and ¢ = 0, neither M nor S have an

incentive to deviate from the stated equilibrium. m

When the pure-strategy equilibrium does not exist, the mixed-strategy equilibrium with M selling

S’s product in Lemma G.3 applies.

Lemma G.6 (Equilibrium with M selling S’s product) Suppose w < A.12 There exists a mived-strategy

equilibrium in which py* is distributed according to c.d.f Fy,, where

p(A+c+b—pp)
(1—=p) (P —b—w)

Fon (p) = 1= for p3 € le4 pA+ (w—c)(1— p) + b,c+b+ A];

ph is distributed according to c.d.f F,, where

17% for piG[C#’}LA‘F(U)*C)(l*N)vc‘FA)

F, :: pi—w+b
(7o) { 1 for pi>c+ A

12Notice that if ¢ = 0 and w = A, the mixed-strategy equilibrium collapses to the pure-strategy equilibrium of
Lemma G.5 (Fy, collapses to a single point at p;, = b+ A and Fj, has all its mass concentrated at p;, = A).
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Equilibrium profits are Il = (A+c—w)p+b) (1 —p) and m = pA + (w —¢)(1 — p).
Proof. Proof of Lemma G.3 applies. m

We now consider S’s wholesale price decision. For w < A, the equilibrium in the pricing subgame
has M selling S’s product, so that 7 (w) = puA + (w — ¢)(1 — p). Within this region, M clearly does
best setting the highest wholesale price. For w > A, the equilibrium in the pricing subgame has M
selling the in-house brand, so that 7 (w) = max {uA, A — b — ¢} is independent of w. If w = A, both
types of equilibrium exist, in which case we select the equilibrium that maximizes S’s profit given that
it can always adjust w by an infinitesimal amount to induce the equilibrium it prefers. Note that
pA+ (A —=c)(1—pu) > max {pA, A — b — c}. Hence, we conclude S does best by setting w = A to induce
the equilibrium in which M sells S’s product. To summarize,

Proposition G.2 Suppose M chooses the dual products mode. In the overall equilibrium: S sets whole-
sale price w = A, the equilibrium of the pricing game is described by Lemma G.6, and equilibrium profits
are TI9 = (cp 4+ b) (1 — p) and 7% = A — ¢(1 — p).

G.4 Choice of mode and banning the dual products mode

Comparing across the three modes, it is obvious that M does best choosing the dual-products mode
because 194" = (b+ cp) (1 — p) > max {IIthird=party Tyin—housel  Whenever the dual-products mode

is banned, we have Ithird—party > [[in—house if and only if A > T, where [[third—party — [[in—house jf

A= 15#' We now provide the proof of Proposition 13 in the main text.

Proof. (Proposition 13). The results on profits follow from direct inspections. Consider the surplus

[&]
1—p”
product from M in the mixed-strategy equilibrium of the dual mode. From Lemma G.6, if w = A then

F, has a mass point at p5 = ¢+ A, with mass cutb - Therefore, ndual > tb  We first note Waual =

and welfare results. Suppose A > Let n?e denote the probability that regular consumers buy S’s

c+b ° c+b )
0+ A+b(1— el — ¢ < v+ A+ b(1 —p) — ¢ = Wihird=party ang ¢ §dual — ¢ gthird=party _ (,, _ ¢y,
Meanwhile,
Csdual _ Wdual _ Hdual o 7Tduu,l _ Csdual

regular direct

= v+ A+b(1— ™ —c—(btcop) (1—p) —A+c(l—p) = (v=c)p
(v—c)(1—p) = b1 — p)(1 = ™) + ¢ (1 — p)°

b 2
> (w=0c)1—p)—c(l—p)?——r0 1-
> (v—c)(1—p)—c(l —p) b+c+6( 1)
> (v—c)(1—p) = CSprd Party,

where the inequalities used nd““l > Cé‘T‘;b and bic < 1. Tt follows that CSdual > (¢ Gthird—party

£ Let nm~house denote the probability that regular consumers buy S’s

1—p i
product from M in the mixed-strategy equilibrium of the in-house products mode. We have WWin—house —
V+A+(b—A)(1—p)nin—house —c. Therefore, Win—house < Jydual if and only if (b— A)pin—lowse < ppdual,
We know that

Next suppose A <

el > cp+b> cputb—c b—c(l—p) > b—A.
c+b c+b—c b b

Therefore, bn?va > (b — A) > (b — A)pin~house a5 required. To show the results on consumer surplus,
we note the following two preliminary claims:
Claim 1: p} is higher in the dual mode than in the in-house products mode, in the sense of first-order

stochastic dominance.
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To prove this claim, substitute w = A in dual mode to derive the distribution of p} as

po—O+b

F(;iual (p* °
1 for pi>c+A

o

){ 1— b for pfe[A+cpc+A)

while the distribution of p} in the in-house products mode is

c+b—(1—p)A *
[rin—house (p2) = 1- (MTZ)) for p7 e [C + A, c+ A)
’ ° 1 for pi>c+A

For all p € [c + uA, A + cu], we have Fin—house (p) > (0 = Fdual (p); for all p} € [A+ cu,c+ A), we have

Fin—house (py — 1 — (%71__&%) >1-— (%) = Fdual (p), given A > ¢; for all p > A + ¢, we

have Fin—house (p) = Fdual (p) = 1. We conclude Fin—house (p) > pdual (i) for all p.

hx
m

Claim 2: Define p, = p?* — A. Then p;, in dual mode is higher than p]'* in the in-house products
mode, in the sense of first-order stochastic dominance.
To prove this claim, we substitute py, = pi¥ — A into the distribution function in Lemma G.6 to

obtain

n ~s \ __ 1 Cl ~s . .
Fm(pm)—l_ﬂ<1 ﬁfn—b> for p5, € [c+b— (1 — p)e,c+b].

Compare this with

1 BA
Fho(ph*) — 1— f fox —(1—p)A .
() 1—u< p%ﬂ_bjLA_c) or ppy €c+b—(1—p)A,c+10)
Forallpec+b—(1—p)A c+b—(1—pu)c, we have F! (p) > 0= F,, (p); forall p e [c+b— (1 —
p)e, ¢+ b], we have F" (p) > F,, (p) if and only if

BA cp

-2 ;
p—b+A—-c p—>b

which is equivalent to p < ¢ +b. We conclude F" (p) > F., (p) for all p.
To show CSdeal > CSZ’ZT;&O“SE, it suffices to show that p} is lower in the in-house products mode,

which follows directly from Claim 1 above. To show C.Sdual > Sl house it suffices to show that (i)
pi is lower in the in-house products mode, and (ii) the quality-adjusted inside price p¢, = p2* — A in dual
mode is higher than p** in the in-house products mode. Both (i) and (ii) follow from Claims 1 and 2 above.

Given both groups of consumers are better off in the dual mode, we must have CS%e > Cgin—house g

G.5 Model with M setting wholesale prices

In this section, we consider an alternative formulation of the wholesaler-retailer model from Section 5.3
by assuming that M dictates the wholesale price. We first solve for the overall equilibrium in each of
the three modes. For any given wholesale price w, the pricing subgame in each of the three modes is the
same as in the model presented in Section 5.3.

In the third-party products mode, M optimally sets w such that S is indifferent between supplying
and not supplying M. If S does not supply M, the subgame unfolds as if M exclusively sources from
fringe suppliers, in which case S’s equilibrium profit is max {uA, A — b}. If S supplies M, its equilibrium
profit is 7 = pA+(w—c)(1—p) by Lemma G.2-G.3. Therefore, S is indifferent when pA+(w—c)(1—p) =
max {uA, A — b}, i.e when w = ¢ + max {A — ﬁ, 0}. At this w, the pricing equilibrium is in mixed-

strategies (Lemma G.3). Equilibrium profits are then as follows:

e If A < ﬁ, then wthirdfparty =c, chirdfpa’r‘ty _ (A/i 4 b) (1 o M)v and ,n_thirdfparty _ MA
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o If A > then ,wthzrd party __ —c+ A — ot chirdfparty —_ b7 and ,n_thi'rdfparty =A—b.

In the in-house products mode, M does not source any third-party products so wholesale prices are

irrelevant. The equilibrium is given by Lemma G.4:

o If A < f;‘-f“ then Hin—house — (C +b— (1 _ u) A) (1 _ /’L) and 7Tin—house — MA

Hinfhouse =0 and 7.‘.infhouse = A — b—c

Finally, for the dual-products mode, the analysis is the same as for the third-party products mode,
except that whenever S does not supply M the subgame unfolds as if M exclusively sells its in-house
product. In this case S’s equilibrium profit is max {uA, A — ¢ — b}. This means M must set a lower
wholesale price compared to the third-party products mode. Therefore S is indifferent when pA + (w —

¢)(1—p) = max {uA, A — ¢ — b}, i.e when w = c+max {A b+c 0} At this w, the pricing equilibrium

is in mixed-strategies (Lemma G.3). Equilibrium profits are as follows:

e IfAL ffﬁ, then w® = ¢, I = (Ap +b) (1 — p), and 7%l = A

o If A > ff;, then wdva! :c+A—f_iZ, mdval — p 4 ¢y, and 7%l = A — b — c.

Proposition G.3 below shows the effect of banning the dual mode in this setup. We can again compare
Proposition G.3 to the baseline model (Proposition 6). First, we have a different cutoff for switching
modes because M sets both the wholesale price and the retail price in the third-party products mode, so
that this mode behaves very differently compared to the marketplace mode. Second, whenever the ban
on the dual products mode results in M choosing the in-house products mode, consumer surplus always
increases. This result is driven by the fact that both the outside and the inside prices are higher in the
dual products mode than in the in-house products mode. The outside price is higher because in the dual
products mode S partially internalizes the revenue of M’s inside sales via its wholesale price, meaning
that S would be less aggressive in setting its outside prices. This in turns relaxes the inter-channel
competition, allowing M, whose price is not constrained by within-channel competition, to charge a

higher inside price than the inside price it charges in the in-house products mode.

Proposition G.3 (Ban on dual products mode in the wholesaler-retailer model)

o If A > % m #, a ban on the dual products mode results in M choosing the third-party
products mode. If A < —°— the ban does not affect the market outcome. If A > > then II,

CSregulars CSdirect, and C’S decrease, T increases, and the effect on W is ambzguous.

o IfA< = m

mode, with I and W decreasing, CSyegutar, CSairect and CS increasing, and ™ not changing.

ﬁ, a ban on the dual products mode results in M choosing the in-house products

Proof. If A > fj;, then [Ithird—party ~ pin—house obviously If A < 117”, then IIthird—party —

(Ap+b0) (1 =p) > (c+b—(1—p)A) (1 —p) = IIm-rowse If 320 < A < 2 then

chirdfpa'r‘ty =bh> (C +bh— (1 _ 'u) A) (1 _ ,LL) _ Hinfhouse

if and only if A > 5 - ﬁ Combining all cases, we obtain ITthird—party > T[in—house jf A >

I CH (IT Suppose instead A < 5 m W This clearly implies A < b“, and, given A > ¢, it
also implies A > 17— 13 Therefore, A <= - 2)2 is sufficient for ITtMrd— p“”y < IIm—house and we
note equality hOldb only when A = m (1—u)2' ]

13To see this, note that we have ﬁ = #)2 >A>c Andc< % m ﬁ <~ c> 1 m which implies

A>cz%
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Suppose A > — ﬁ, so that M switches to the third-party products mode after the ban.

c
—

We know that the ﬁr?ns’ equilibrium strategies are the same in the third-party products mode and in
the dual mode, except that the wholesale price is strictly higher in the third-party products mode when
A > 1%“. In what follows, we show that both the inside and the outside prices become higher when w is
higher, which immediately implies C'S4%e! > C Sgizgi_p “Y and C Sf:g‘ﬁlar >C S:Zgiaia;pm-ty Specifically,
we want to show p¥ and p}, in Lemma G.3 are increasing in w, in the sense of first-order stochastic
dominance. Consider the outside price first: we want to show cdf F, (p%) is decreasing in w. First note

the distribution domain [c 4+ pA + (w — ¢)(1 — ), ¢ + A] shifts upwards when w increases, and

d (f_ Btc—wp+by @-A-c)p-bll-p)
dw py—w+b ) (P —w+b)?

<0,

where the inequality is due to p} < ¢+ A. As for the inside price, a direct inspection reveals F,, (p,) is

decreasing in w.

c ub

Suppose instead A < T=p — (T2 5° that M switches to the in-house products mode after the ban.

Note this implies A < $%£, so w™ = c. For welfare, Wn=hous¢ — 4 4 A4 (b — A)(1 — pyyn=hovwse —c.

Therefore, Win—house < jydual if and only if (b — A)pin—house < ppdual  We know

vl > cu+b> cptb—c b—c(l—p) > b—A'
c+b c+b—c b b

Therefore, bnd“® > (b — A) > (b — A)pin—heuse a5 required. To show the results on consumer surplus,
we use the following two preliminary claims:

Claim 1: p} is higher in the dual mode than in the in-house products mode, in the sense of first-order
stochastic dominance.

To prove this, substitute w = ¢ in dual mode to derive the distribution of p} as

pi—c+b

prdual _ 1— 2utb for pte e+ pl, e+ A)
’ 1 for pictA

We wish to compare it with

c+b—(1—p)A *
[rin—house (p2) = { L= (M%Z)) for p7 e [C+NA;C+ A)

1 for pi>c+A

We want to show Foi"_house > F(‘f“‘”, or 1 — %%Z)A >1- p?‘f;bb, which can be shown to be
algebraically equivalent to p} > ¢ + Ap, which is indeed true given the domain.

Claim 2: Define p5, = p5* — A. Then /%, in dual mode follows the same distribution as p/* in the
in-house products mode.

To prove this, we substitute p5, = p¥ — A into the distribution function to get

~ 1 HA
F () = - for p? _(—pa
m(pm) 1_H< ﬁm+A—b—C) Orme[C-l-b ( /,L) ,C+b],

which is exactly the same as F% (ph).
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