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1 Introduction

In two-sided markets, firms (platforms) are intermediaries between two categories of
agents, such that at least one category of agents generates inter-group network effects
over the other group of agents in the market. Accordingly, in these markets, the value
of participating in a certain platform (for a certain category of agents) depends not only
on its intrinsic characteristics but also on the number of agents (of a different category)

participating in the same platform.

Examples of two-sided platforms include: (i) media outlets, which allow for the interac-
tion between advertisers and readers; (ii) clubs, which allow for the interaction between
men and women; (ii7) e-commerce platforms, which allow for the interaction between

buyers and sellers, and so on.

In the context of the examples above, real life reveals every day plethoric situations
in which platforms are simultaneously vertically and horizontally differentiated *. In the
case of clubs, we observe that they are horizontally differentiated (including the type of
music they play or their environment) as well as vertically differentiated (quality of the
air, quality of the food, parking space). The same occurs in the case of e-commerce plat-
forms. Similarly, in the case of e-commerce platforms, they often differ along horizontal
dimensions (such as their aesthetics, the type of products they sell) as well as vertical

dimensions (like their usability, delivery times and advertising intensity).

In this paper, we aim at investigating the nature of price competition between plat-
forms that are both horizontally and vertically differentiated. Using the terminology
proposed by Di Comite et al. (2011), in the context of monopolistic competition, we may
say that our objective is to analyze price competition between verti-zontally differentiated

platforms.

Following the seminal works of Rochet and Tirole (2003) and Armstrong (2006), a

vast literature has analyzed the strategic aspects of competition between two-sided plat-

1See Gabszewicz and Resende (2012) for further details concerning horizontal and vertical

differentiation in the press industry.



forms. In particular, following Armstrong (2006), a considerable number of works has
been devoted to the analysis of strategic interaction between horizontally differentiated

platforms (see, for example, Zacharias and Serfes, 2012; Gabszewicz et al., 2013).

In this paper, we combine two strands of literature: the literature on price competition
under horizontal and vertical differentiation and the literature on two-sided markets.
Concerning the first line of literature, Economides (1989) and Neven and Thisse (1990)
both analyze a two-dimensional vertical and horizontal differentiation model in which

firms compete on quality, variety and price.

Economides (1989) assumes that the variety (horizontal) choice takes place before
the quality (vertical) choice. Considering that marginal costs are increasing in quality
levels, he concludes that in equilibrium, we observe maximum variety differentiation and

minimum quality differentiation.

Neven and Thisse (1990) consider a three-stage game, in which firms first choose their
quality, afterwards their location, competing in prices at the end of the game. Normal-
izing the marginal costs to zero, the authors find a product equilibrium that exhibits
maximum differentiation on one dimension and minimum differentiation on the other.

The maximally differentiated dimension can either be the quality-or variety dimension.

More recently, other authors have addressed the issue of price competition in con-
ventional markets with horizontal or/and vertical differentiation (see, for example, Levin,
Peck and Ye (2009), Gabsewicz and Resende (2012), Gabszewicz and Wauthy (2014). The
present paper contributes to this literature by investigating how the nature of price com-
petition between verti-zontally differentiated firms can be affected by inter-group network

effects.

Our paper also contributes to the literature on two-sided markets. Most of the lit-
erature on this field has focused on the waterbed effects and tipping prevention (see for
example, Rochet and Tirole (2003); Armstrong (2006). A considerable literature has also
addressed the issue of price competition between horizontally differentiated platforms (see
for example, Zacharias and Serfes (2012); Gabszewicz et al. (2013). Using the Hotelling

framework proposed by Armstrong (2006), these works have studied pricing competition



between horizontally differentiated platforms. When agents are allowed to participate in
only one platform, these papers (including Armstrong, 2006) show that the existence of
inter-group network effects often intensifies price competition between the platforms. To
the best of our knowledge, Gabszewicz et al. (2013) is the first paper that simultaneously
combines horizontal and vertical differentiation in two-sided markets. However, the au-
thors do not analyze price competition between the two-sided platforms. We contribute to
this literature by analyzing how the impact of inter-group network effects on equilibrium

outcomes depends on the interplay of vertical and horizontal differentiation.

In our model, we bring together the verti-zontal differentiation set-up developed by
Neven and Thisse (1990) and the two-sided market framework proposed by Armstrong
(2006). Platforms are assumed to be both horizontally and vertically differentiated. On
the horizontal dimension, we consider a Hotelling framework in line with the two previous
papers. In line with Armstrong (2006), we consider that firms are exogenously located
at the extremes of the Hotelling line. As in Neven and Thisse (1990) platforms are also
vertically differentiated and consumers have heterogeneous willingness to pay for quality.
In addition, we allow for inter-group network effects, with the objective of studying how

they affect pricing strategies of verti-zontally differentiated firms.

In the baseline model, we do not allow for price discrimination between sides (as an
illustrative example, the reader may consider of a club where men and women pay the
same entry fee, or a e-commerce platform, where sellers and buyers are required to pay the
same access fee in order to participate in the platform). The paper proposes a two-stage
game with the following structure. In the first stage, platforms set their access prices and

afterwards consumers decide which platform they are willing to join.

Our equilibrium analysis shows that the high-quality platform sets a higher access
price, serves a larger market share and earns a higher profit than the low-quality platform,
in line with standard vertical differentiation literature (see, for example, Tirole (2003).
We show that equilibrium outcomes depend on the strength of the inter-group network

effects vis-a-vis the magnitude of the intrinsic quality differences between the platforms.

Traditional literature that combines simultaneously horizontal and vertical differen-



tiation argues that revenues of both firms increase as the quality of the better product

improves (see Shaked and Sutton, 1982).

Our finding establishes that this argument may be disrupt under horizontal domi-
nance since we find that, with the presence of network effects and under a subset of pure
horizontal dominance, as the quality of the product sold by the high-quality platform
increases more relatively to the product sold by its rival, the revenue of the low-quality
platform decreases. However, when the quality gap between platforms is too high (but
still in an horizontal dominance environment) follows that an increment on the quality

gap is also profit enhancing for the low-quality platform.

Thus, this evidence suggests that when the high-quality platform puts an excessive ef-
fort on increasing the vertical differentiation between platforms in a horizontal dominance

environment constitutes a strategy that benefits the low-quality platform.

Moreover we find that, under vertical dominance, the profit of the high-quality plat-
form is increasing with an increment on the intensity of the network effect, which consti-
tutes a distinct finding relatively to Armstrong (2006). Here the intuition relies on the
fact that when the members of both sides of the market attribute too much value to qual-
ity rather than variety, the high-quality platform benefits with a marginally increment on

the intensity of the network effect.

The rest of the paper is organized as follows. In the next section 2 we present the
model. Section 3 analyzes the model and section 4 characterizes the equilibrium outcomes.
Section 5 performs a comparative statics. Finally section 6 concludes. The proofs of the

Propositions and Lemmas are relegated to the Appendix.



2 The model

Consider a two-sided market with two platforms, i € {A, B}, and two sides, j € {1,2}.
The platforms operate with zero marginal costs® and they are both horizontally and ver-
tically differentiated. As in Neven and Thisse (1990), we assume that the platforms differ
in two characteristics: (i) their location on the Hotelling line (horizontal differentiation),

and (i7) their intrinsic quality (vertical differentiation).

In particular, platform A is located at the left extreme of the Hotelling line (xA = O) ,
whereas platform B is located at the right extreme (mB = 1) . The intrinsic quality of
platform A is denoted by ¢, whereas the intrinsic quality of platform B is ¢, with
q¢? > ¢*. Then, platform A is the low-quality platform while platform B is the high-
quality platform.

In each side of the market, there is a unit mass of heterogeneous consumers. They
differ on their location, =, as well as on their quality valuation, y. Accordingly, in side j,
each consumer is identified by the pair (z,y). As in Neven in Thisse (1990), we assume
that in each side of the market consumers are uniformly distributed over the unit square

[0,1] x [0,1] and we normalize their transportation costs to 1.

We depart from Neven and Thisse (1990) by introducing the possibility of positive
inter-group externalities. As in Serfes and Zacarias (2012), we assume that the intensity
of inter-group externalities is the same on both sides of the market, being measured by

the parameter o > 0.

In the market side j € {1,2}, a consumer type (z,y) € [0,1] x [0,1] obtains the

following utility from participating in platform A:
wz,y) =v+yg* +aDf —p* — =,

where v € R, is sufficiently high for the market to be covered in equilibrium, D! is the

demand of platform A on the other side (k # j) and p” is the access price charged by

?Our results would remain unchanged under constant and symmetric marginal costs. A

similar assumption has been adopted by Neven and Thisse (1990), among others.



platform A, which applies to both sides of the market (price discrimination between sides

is not allowed).

Analogously, when participating in platform B, a side-j consumer of type (x,y) obtains

the following utility:
ul(z,y) =v+y¢” +aDy —p® — (1-2),

where DP is the demand of platform B on the other side (k # j) and p? is the access
price charged by platform B to both sides of the market.

Notice that the intensity of the network effect, captured by «, influences both variety

(the degree of horizontal differentiation) and quality (the degree of vertical differentiation).

In order to study equilibrium outcomes when platforms are simultaneously horizontally
and vertically differentiated, we consider a game with the following timing: in the first
stage, platforms simultaneously set access prices for both sides; in the second stage,
consumers in each side simultaneously decide which platform to join. The game is solved

by backward induction.

We start by investigating the specification of demand resulting from the second stage.
Afterwards, we analyze platforms’ equilibrium price choices, in the first stage. Through
the paper, we assume that the inter-group externality is relatively weak in order to avoid

market tipping.

Assumption 1 (Weak inter-group externality) The inter-group externality is rela-

tively weak: o < %

3 Demand and profits

In side j, the consumer type (z; (y) ,y) for whom

uN @ (y) ,y) = ul (Z (y) . y)

6Tf price discrimination was allowed, we would expect the symmetry of the model to induce

no discrimination in equilibrium.



is indifferent between participating in platform A or platform B. Solving the previous
equation for 7; (y), we obtain that, for a given y, the indifferent consumer in side j is
located at:

~ B_pA  a(D{-DP)
7 (y) = 3 + B+ S — gy, (1)

where g represents the quality gap, i.e. ¢ = ¢® — ¢

Taking into consideration that the market is fully covered, D5 = 1 — D and that

consumers formulate self-fulfilled expectations about the demand on the other side of
1

the market, with Di! = [ Z (y) dy for 7 (y;) € [0,1],7 equation (1) can be re-written as
0

follows: 5 B (207 )
~ 1 p°—p a(2D; —1 q
z; (y) = 3 + 5 + ; — 50 (2)

or equivalently:
~ 1 pP—p4 a@D}-1) 2
i (2) = =+ o2zl 2, 3)
q q q q

The previous equations show that for a given vector of prices (pA, pB ) the position of the

indifferent consumer y; evolves linearly and negatively with z, as %ff) =-2<0.
q

Consider two types of consumers: (z,y) and (2)y), with 2° < z, meaning that the
second consumer is located closer to firm A. The two consumers are only both indifferent
between participating in platform A and B if the second consumer has a higher willingness

to pay for quality than the first one i.e. v > y.

Note that, if, for a given z, we have y; (z) € [0, 1], for such z, side j consumers located
at y; € [0,y;(x)] participate in platform A, whereas those located at y; € (y;(x),1]
participate in platform B. In other words, consumers above the line (3) participate in
platform B, whereas those below that line prefer to participate in platform A. If we have
y(z;) < OVz € [0,1], resp. y(z;) > 1V € [0,1], then, all consumers in side j buy from
platform B, resp. platform A.

The figure 1 below illustrates the choice of consumers between the two platforms for

"This formulation means that an agent of a side j (j = 1,2) can interact with an agent of an
opposite side k (k=1 when j =2 or k=2 when j =1), for any given variety = and quality y
within the square [0, 1] x [0,1].



different pairs of prices (p?, p?).
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Figure 1: Consumers choices between platforms under vertical dominance

Considering the position of the indifferent consumer line, it is now possible to obtain
the analytical expressions of the demands of platform A and platform B, in side j, as a

function of firms” access prices, p4 and p?.

As in Neven in Thisse (1990), in order to obtain these analytical expressions we first
need to distinguish two cases according to the relative importance that consumers attach

to vertical differentiation vis-a-vis horizontal differentiation.

Definition 1 (Horizontal Dominance versus Vertical Dominance)

(i) Horizontal dominance corresponds to an environment where the intrinsic quality

gap between the platforms, q, is relatively low, in particular, q¢ < 2.

(11) Instead, when the intrinsic quality gap is sufficiently large, q > 2, Vertical domi-

nance prevails.

Proof. As in Neven and Thisse (1990), horizontal (resp. wvertical) dominance arises

oy(x)
ox

when

> (<)1, or equivalently, ¢ < (>)2. =

In order to better understand the intuition and the need for the distinction pointed

out in Definition 1, consider the two cases of figure 2.

0y(x)
ox

equivalently ¢ > 2. As in this case, the intrinsic quality gap between the two firms is

For the values of the parameters considered in figure 18(b), we have <1, or

9



relatively large, Neven and Thisse (1990) introduce the concept of vertical dominance to
0y(x)

denote the domain of parameters for which |=5=| < 1.

9y(x)
oxr

the firms is relatively low and horizontal dominance prevails. In that case, for the same

However, when ¢ < 2, or equivalently, > 1, the intrinsic quality gap between

price vector (pA, pB) we would obtain a different demand configuration as illustrated in
the figure 2(a).

2 B’s
B's e
market 111.11 ket

market market

(a) (b)

Figure 2: Horizontal versus vertical dominance

In light of this, for each side of the market j, we now define the analytical expressions
of the platforms’ demands as a function of their access prices (pA, pP ) , under horizontal

and vertical dominance®.

We denote by D;'VD (pA, pP ) the demand of platform i in side j, under vertical domi-

nance, with:

8See Appendix A in section 7.1 for further details on the computation of the analytical

expression of the demand functions of each platform, under horizontal and vertical dominance.

10
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0
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1
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if pA—pP>1—q

if —(1+a)+27a<pA—pB§1—oz;
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(4)

and Df‘VD (pA,pB) = 1- pVP (pA,pB) . Analogously, we denote by D;‘HD (pA,pB) ,

J

the demand of platform ¢ in side j, under horizontal dominance, with:

D;AIHD (pA’pB) _

(

0

g—a(l—a+p® —p*)—/qlg—2a(1—a+pB—pA) ]
2a2

1 B_ A
2 (1 + pl—g B 2(1q—a)>

—gt+a(l+a—pP+pA+9)+1/dlg—2a(1—a—pP+pA+q) |

202

1

\

and Df‘HD (pA,pB) =1- piiP (pA,pB) .

J

if pr—pP>1—-a

if 1l—a—q+%<pt—pP<l-a

if —l-a)-%<p'-p’<l-a—q+%
if q-(1-a)<p*—p’<-(1-a)-%
if pt-p<—q-(1-0q)

()

The demand functions D?'VD (pA,pB) and Dj"HD (pA,pB) must be decreasing and

continuous functions of the platforms’ own prices. However, they are not globally concave

9

In the particular case of vertical dominance, the demand is linear for price vectors

(p*,p?) such that:

2
1+a—q—?§pA—pB§—(1+oz)+—.

When —(1+a) + 2 < pA —pP < 1— @, the demand D
q

2a
q

AlVD

g (pA, pP ) is strictly convex in

9The formal proof of these properties is straightforward, given the analytical expressions of

demands (4) and (5).

11



p?. Analogously, when:

2
—g-(-a)<p' —pP<lia—qg-—,
q

B|VD
J

the demand D (p*,p?) is strictly convex in p”.

In the particular case of horizontal dominance, the demand is linear for price vectors

(p*,p®) such that:

—(1—a)—%§p‘4—p3§1—oz—q+%.

When 1 —a —q+ & < pd — pP < 1 — @, the demand D;”HD (pA,pB) is strictly convex

in p*. Analogously, when:

—¢—(1—a)<p*—pP < —(1—04)—%,
the demand DfIHD (pA, pB ) is strictly convex in p”.

Given the demands faced by each platform in each sided of the market, it is now

possible to obtain the profit of the two platforms as follows:
= (p*,p") = p'Di(p*, p") + p' Di(p", p"),

where D; (p?, pP) = D;”VD (pA, pP ) , in the case of vertical dominance, and D*(p?, p?) =
pAIHD

i (pA, pB ) , in the case of horizontal dominance.

The equations (4) and (5) imply symmetric demands in the two sides of the market:
Dy(p*,p”) = Dy(p",p”) = D'(p",p"),
thus, the platforms’ profit can be computed as follows:
©'(ph,p") = 2p' D' (p”, p®), i € {A, B}.

Since the demand functions D?(p?, p?) are not globally concave, it is necessary to study
under which conditions the profit of each platform is quasi-concave with respect to its

access price.

12



Caplin and Nalebuff (1991) in general and, in particular, Neven and Thisse (1990)
for the case of product differentiation in two dimensions, provide sufficient conditions
for the existence of multiple equilibria in pure strategies for discrete choice models of

differentiated product markets.

Without network externalities, our manuscript reduces to a model which satisfies the

assumptions in Neven and Thisse (1990).

Since our model incorporates network effects, that are present for any given level of
quality and variety, we must apply mathematical techniques to prove the quasi-concavity
of the profit functions.!® Nonetheless to say, the following proof is the central point of

our manuscript.

Lemma 1 (Quasi-concavity of the profit function)

For any pair combination («, q), the profit functions of platforms A and B are quasi-

concave in p* and p® both under vertical and horizontal dominance, respectively.
Proof. See Appendix B in section 7.2. m

This Lemma brings a relevant contribution to the current literature because proves
that the payoff functions of the active players on the market are globally quasi-concave
in a multidimensional product differentiation environment with the presence of network

effects.

Therefore, the first order conditions of the platforms’ maximization problem intersect
at least once which guarantees that the first order conditions associated with the profit

maximization problem are sufficient to characterize firms’ optimal pricing choices!!.

We also examined the shape of the profit functions for a grid of values of the relevant

parameters.

10To the best of our knowledge, our manuscript is the first proving the quasi-concavity of the

profit function of the active platforms under the presence of network effects.
Tndeed, as you can check further, applying the theorem of Debreu, Glicksberg and Fan (1952)

allows us to prove the existence of multiple interior pure-strategy Nash equilibria.

13



Figures 3(a) and 3(b) show a possible shape of the demand and figures 4(a) and 4(b)

show a possible shape of the profit function of the low-quality platform A, for different

levels of the inter-group externality under horizontal and vertical dominance, respectively.
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As expected, the above figures reinforce the intuition that the profit functions are quasi-

concavity on its prices domain.

14



4 Equilibria

In the first stage, platforms take decisions on access prices anticipating consumers behavior

in the subsequent stage. Accordingly, the problem of platform i writes as follows:
max 2p' D' (p*, p*),
pi
with i = A, B and D(p*,p?) = DAIVD (pA,pB) in the case of vertical dominance, and
Di(p*,pP) = DAHP (pA pP) in the case of horizontal dominance. Then, in line with

Neven and Thisse (1990) [22], we should determine the equilibrium prices as a function

of the product characteristics.

This leads us to distinguish between six types of equilibria, namely three under vertical

dominance and three under horizontal dominance.

By other words, for each kind of dominance, we have the following types of equilibria:

(i) case/subgame 1 - the equilibrium occurs on the linear segments of D and D?;

(i1) case/subgame 2 - the equilibrium occurs in the strictly convex segment of D4 and

in the strictly concave segment of D?;

(iii) case/subgame 3 - the equilibrium occurs in the strictly concave segment of D#

and in the strictly convex segment of D,

We start by studying the price stage equilibrium for the linear segment of the demand
of platforms A and B, for any combination of the parameters o and ¢ (corresponding
to case 1 when both firms are active in the market, which is always the case under

Assumption 1).

4.1 Pure horizontal dominance equilibrium

We firstly describe the region where the equilibrium candidate under vertical dominance
exists, corresponding to an equilibrium occurring under the circumstances described at

figure 2(a).

15



Below, we fully characterize the correspondent equilibrium candidate.

Proposition 2 (Equilibrium under horizontal dominance)

6(

Let q < 41_5

g). The equilibrium outcomes are described as follows:

p=1—a-% pP =1-a+

A* 1 B* _ 1 .
D _5[1—ﬁ},1} _5[1+m],

A _ 1 [q=60=o)? _B* _ 1 [¢+6(1-a))?

T =3 1-a =3  1-a

Proof. See Appendix B in section 7.2. m

Comparing p4™ and p?”, it can be easily checked that for any («, q) , we always obtain
pP" > pA", meaning that the access fee quoted by the high-quality platform is always

higher than the access fee charged by the low-quality platform.

In horizontal dominance, equilibrium prices are affected by the intensity of inter-group
network effects. It is also worth noting that the high-quality platform always has a higher
market share than the low-quality platform, for any («, ¢) . Since the former also charges

a higher price than the latter, we always have 72" > 74"

4.2 Pure vertical dominance equilibrium

We firstly describe the region where the equilibrium candidate under vertical dominance
exists, corresponding to an equilibrium occurring under the circumstances described at

figure 2(b). Below, we fully characterize the correspondent equilibrium candidate.

Proposition 3 (Equilibrium under vertical dominance)

Let q > % (3 —2a+ /9 —4a(9 — a)) . The equilibrium outcomes are described as

follows:

A* _ g—a B* _ 2(¢—qa),
p - ) p - 3 I

3
A* 1 2c B* __ 2 200 .
DT = 37 3(g—2a)’ D" = 3 + 3(qg—2a)’
A* _ 2(g—a)(g—4a) _B* _ 8(¢—a)®
T = 9(¢g—2a) 7T ~ 9(g—2a)"

16



Proof. See Appendix B in section 7.2. m

Comparing p?™ and p?”, it can be easily checked that for any («, q) , we always obtain
pP" > p?", meaning that the access fee quoted by the high-quality platform is always
higher than the access fee charged by the low-quality platform. In vertical dominance,
equilibrium prices are affected by the intensity of inter-group network effects. However,
the downward pressure over prices is stronger under horizontal dominance. The intuition
behind this result is analyzed in the section 5. It is also worth noting that the high-quality
platform always has a higher market share than the low-quality platform, for any («,q) .

Since the former also charges a higher price than the latter, we always have 72" > 74",

4.3 Intermediate equilibrium

After characterizing the equilibrium candidates emerging from the interaction of the linear
segments of the demands of platforms A and B (case 1), we verify the other interior
equilibrium candidates emerging from case 2, for each type of dominance, corresponding to
the circumstances described in figure 1(b).!2. Figure 5 shows the price domain conditions
under pure vertical dominance (blue region) and under pure horizontal dominance (yellow
region), where each equilibrium candidate is an effective equilibrium. The white region

corresponds to the equilibrium candidate occurring under the circumstances described in

2As Neven and Thisse (1990) point out, since platform A is the low-quality platform, a situa-
tion described as in figure 17(d) never arises at the equilibrium. This implies, in our manuscript,
that under horizontal dominance for —(1 — a) — ¢ < p? — p? < (1 — a) — ¢ and under vertical
dominance for —¢ — (1 — @) < p* —p? <1+ a —q— 22, there is no price equilibrium since the
prices solving the first order conditions are incompatible with the corresponding price domain

condition.

17



figure 1(b).
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For such values, the equilibrium occurs in the strictly convex segment of D# and in the

strictly concave segment of DB, The profit of platform A and platform B are given by:

pA [q—a(l—a—l—pB—pA)—\/q[q—2a(1—a+p3—pA) ]}
[q—a(l—a+p3—pA)—\/q[q—2a(1—a+p3—pA) ]]

202

Y

B =2pP {1 —

Given the quasi-concavity of the profit function, an equilibrium price candidate is al-

ways an equilibrium as long as the price domain condition is verified. Under horizontal

dominance, the equilibrium is verified for:
o Ax Bx
l—a—qg+ 5 <p™—p7 <1l-q,
and under vertical dominance, the equilibrium is verified for:
—(1+a)+2 <p—pP <1 -a

We are not able to analytically solve the model for this "intermediate" equilibrium can-
didate's.

However, the proposed theorem of Debreu, Glicksberg and Fan (1952) allows us to

conclude that an equilibrium exists for this case (see, for example, pp. 34, of Fudenberg
and Tirole, 1991).

13See Appendix C of section 7.3 for details on the best reply functions of both platforms.
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Theorem 4 (Debreu, Glicksberg and Fan (1952)) Consider a strategic-form game:
(1) whose strategy spaces S; are nonempty compact convex subsets of an Eucledian space.
If the payoff functions are (ii) continuous and (iii) quasi-concave in s;, there exists a

pure-strateqy Nash equilibrium.'*

The proof towards Lemma, I ratifies the above Theorem in a context of a two-dimensional
product differentiation environment with the presence of network effects on the market.

The following conclusion is, therefore, straightforward.

Remark 1 (Intermediate equilibrium)

For any pair combination («,q), there exists a price equilibrium candidate in the
strictly convex segment of D4 and in the strictly concave segment of DE. The equi-

librium candidate must be an equilibrium:

(1) under horizontal dominance, for %1__—33) <q<2

(i7) under vertical dominance, for 2 < q < i <3 — 20+ /9 —4a(9 — a)) :

Proof. First, the existence of a price equilibrium candidate for such domain region is
proved in Theorem 4 (and observe the proof of Lemma 1 relatively to the convex (concave)
segment of the profit function of platform A (platform B) on each type of dominance); sec-
ondly, the boundaries on each type of dominance result from Proposition 2 and Proposition

3.

5 Comparative Statics

In this section we analyze how the magnitude of the quality gap ¢, and the intensity of

the inter-group externality «, affect equilibrium outcomes.

“Debreu (1952) used a generalization of this theorem to prove that competitive equilibria

exist when consumers have quasi-convex preferences.
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5.1 Impact of the quality gap

Regarding the impact of the quality gap on equilibrium prices, we obtain that the price
of the high-quality platform always increases with the magnitude of the quality gap.
Everything else the same, an increase in ¢ makes platform B relatively more attractive

than platform A and, therefore, firm B is able to increase its price for all (¢, @) .

As far as concerns firm A, under horizontal dominance, an increase in ¢ reduces the
price of firm A. Since ¢ is not too high (meaning that products are not very differentiated

on the vertical dimension), the low-quality firm reduces its price after an increase in g.

In contrast, under vertical dominance, the price of the low-quality gap also increases
with ¢. In that case, products are already significantly differentiated in the vertical di-
mension and, thus, an increase in ¢ makes products even more differentiated, relaxing
price competition, which is line with standard vertical differentiation literature (see, for
example, Shaked and Sutton (1982). Despite the fact that both prices are increasing with
q, the price of the high-quality platform always increases more than the price of its rival

opB”

e P optT
since =5 > 5 > 0.

Regarding the impact of the quality gap on equilibrium market shares, we obtain that

. . apA” 1 . . 9DB" .
under horizontal dominance, we have b0 = T < 0, implying S > 0 (since the

market is full covered). Following an increase in ¢, the high-quality platform becomes more
attractive than the low-quality platform and it is able to increase its market share, despite

the fact that the price gap p?" — p?” is increasing with «. However, when the quality gap

is very large, it follows 6’3:* = 3(q3‘;a)2 > 0, implying % < 0. This is so, because the

high-quality platform increases its price substantially more than the low-quality platform.

Lemma 4 pp.8, from Shaked and Sutton (1982) establishes that "revenues of both firms

increase as the quality of the better product improves".

Considering the horizontal dominance environment and evaluating the impact of ¢

on the equilibrium profits of platforms A and B, we get that: (i) for ¢ € (0, % (1-— a))

follows: . .
orA orB

94 < 0; 34

>0,
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and (i7) for q € (% (1—a), 6(1_a)> we obtain that:

41—-3a
o’ onB”
> 0; > 0.
dq dq

Then, under horizontal dominance (¢ < 2) and when the quality gap is low, the revenue

of the high-quality platform B increases as the quality of the better product improves and
the revenue of the low-quality platform A decreases as the quality of the better product
improves. However, when the quality gap is sufficiently strong, the revenue of the high-
quality platform B increases as the quality of the better product improves and the revenue

of the low-quality platform A also increases as the quality of the better product improves.

This result is not only distinct from Shaked and Sutton (1982) but also complements
Neven and Thisse (1990) since they did not take into consideration the presence of network

effects influencing simultaneously both variety and quality.

This evidence suggests that when the high-quality platform B puts an excessive effort
on increasing the vertical differentiation between platforms in a horizontal dominance

environment constitutes a strategy that benefits it’s rival, the low-quality platform A.

Under vertical dominance, our results are similar to the findings of Shaked and Sutton
(1982). The equilibrium profit of the low-quality platform A is always increasing with ¢
(since the equilibrium price and market share are increasing with ¢).However, at platform
B, the market shares are decreasing in q. However, it follows that the positive price effect

more than compensates the negative demand effect of the high-quality platform.
Lemma 5 (Impact of vertical differentiation)

Under horizontal dominance:

(i) for ¢ < 3 (1 — ) follows that 8’52* < 0;

(i1) for q € (% (1-a), 6&;?) follows that 8};2* > 0.

Proof. See Appendiz B in section 7.2. ®

Intuitively, for sufficiently lower levels of the quality gap between platforms, when the

quality of the better product marginally increases leads to a reduction on the profit of
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the low-quality platform because on that case we are in an "environment" of horizontal
dominance such that agents on both sides of the market attribute much more value to

variety rather than quality.

Thus, on this case, the result of Shaked and Sutton (1982) is disrupt. Neven and
Thisse (1990) are not able to capture our finding since their model does not consider the

presence of inter-group externalities.

5.2 Impact of the intensity of the inter-group externality

In what concerns the impact of the intensity of the inter-group network effect on equilib-
rium prices, we obtain that the standard results in two-sided markets hold. In particular,
under horizontal dominance, we have that:

op” B op?”
da O

=1

In line with Armstrong (2006), when the inter-group network effect is sufficiently weak
consumers benefit from lower prices due to inter-group network effects (when these effects
take place, firms set discounts in one side of the market with the objective of enhancing
demand in opposite side of the market). In line with the seminal literature on two sided
markets, we obtain that such price reduction is increasing with the intensity of network

effects.

Under vertical dominance, the equilibrium prices are also negatively affected by the
intensity of the inter-group network effect. However, prices decrease less relatively to the
case of horizontal dominance and the price of high-quality platform is more responsive

relatively to a change on the level of the inter-group externality since:

opt 1 op? 2

da 3 da 3

Regarding the impact of the inter-group network intensity on equilibrium market

shares, we obtain that for horizontal dominance yields % < 0, implying % > 0,
since DP” =1 — D", More precisely, ag: = —%(afl)z < 0.
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Hence, an increase in the intensity of inter-group network externalities leads increases
market concentration, favoring the high-quality platform. When « increases, consumers
value more the number of consumers (on the other side) participating in each platform
and therefore the high-quality platform becomes more attractive than the rival (recall

that the former always has a higher market share than the low quality platform).
For vertical dominance, equilibrium market shares are responsive to the inter-group
externality on the same way since 8D < 0 and 8D > 0.

Regarding the impact of a on equilibrium profit, for ¢ < 6(1 )

, it is easy to see that
the equilibrium profit of the low-quality platform is decreasmg With a (since both the
price and the market share of the platform decrease with the intensity of the inter-group

network effect).

In the case of platform B, the two effects are moving in opposite direction but the
price effect is dominant and the profit of platform B is also decreasing with «. Thus, it

follows that 3” < 0 and a“ < 0.

For vertical dominance, the equilibrium profit of the low-quality platform is decreasing
with « (since both the price and the market share of the platform decrease with the

intensity of the inter-group network effect).

In the case of platform B, the two effects are moving in opposite direction. The
dominant effect here is the demand effect and, thus, the profit of platform B is increasing

with a.

Accordingly, the following Lemma holds.
Lemma 6 (Impact of the inter-group externality)

Under vertical dominance, the profit of the high-quality platform B is increasing with
an increment on the intensity of the network effect.
Proof. See Appendix B in section 7.2. m

The fact that equilibrium profits are decreasing with « is in line with Armstrong (2006)
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and it results from the fact that an increase in the intensity of the inter-group network
effect intensifies price competition between the two platforms. However our model disrupts

this standard result of two-sided markets.

Intuitively, for sufficiently higher levels of the quality gap between platforms, we fall in
the case of pure vertical dominance, that is, agents on both sides of the market attribute
much more value to quality rather than variety. Thus, it is not surprising that the active
platform with higher quality is the only platform that, under these circumstances, benefits

with a marginally increment on the intensity of the network effect.

Obviously, Armstrong (2006) does not capture this effect since the adaptation of
Hotelling (1929) model does not able researchers to analytically capture the key dis-
tinction between vertical and horizontal dominance, which can be achievable using Neven

and Thisse (1990) model.

6 Conclusions

This paper analyzes price competition between verti-zontally differentiated platforms. In
light of this, we extend the pure horizontal model of two-sided markets presented by

Armstrong (2006), allowing for vertical differentiation between the platforms.

Our verti-zontal differentiation set-up is built on a simplified version of the model
proposed by Neven and Thisse (1990). While the latter, allows for quality choice and
endogenous location, we take these choices as exogenously given, allowing instead for the
existence of inter-group network effects. Our equilibrium analysis shows that equilibrium
outcomes depend on the intensity of the inter-group network effects vis-a-vis the gap in

the quality of the platforms.

Considering the case in which price discrimination between sides is not allowed, we find
that regardless of the intensity of network effects, we find that the high-quality platform
always quotes a higher price and attracts a larger fraction of consumers than the low-

quality platform. The intuition of this result is that, with a two-dimensional product
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differentiation and considering only a discriminatory regime on the quality attribute, a

low-quality platform cannot be a dominant intermediary on the market.

Moreover we find that, under horizontal dominance, the profit of the low-quality plat-
form decreases as the quality of the better product improves when the quality gap between
platforms is sufficiently small. This result contrasts with Shaked and Sutton (1982) sem-

inal contribution.

Finally, under vertical dominance, we find that the profit of the high-quality platform
is increasing with an increment on the intensity of the network effect, which disrupts
the evidence from Armstrong (2006) in which network effects tend to put a downward
pressure over equilibrium profits of both active rivals. This is due to the fact that we

incorporate an exogenous discrimination on quality between the two platforms.

Other extensions of this model are worthwhile as well, addressing issues such as (par-
tial) multi-homing, cost asymmetries, the role of imperfect information, dynamic pricing,

endogenous locations and qualities, among others.
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7 Appendix

7.1 Appendix A - Demand functions

Consider the case of vertical dominance. The configuration of demand for different price
vectors (pA, pP ) is illustrated in figure 1 (of section 3). The figure shows that the specifi-

cation of the demand function, depends on the magnitude of the price gap p* — p®.

First, notice that from expressions (2) and (3), follows the extreme situations:

( @ (0> _ % n pB;pA n a(2D2kA71);
T(1) = § o+ g O g
7 (0) = § o+ 2 SEPED,

| 0 (1) =+ 2+ S

In figure 1(a), all consumers prefer to buy from platform B. In that case, the price gap
must high enough so that y; (0) < 0, or equivalently, p4 — p? > 1 — o. For price vectors

(pA,pB) such that p4 — p? > 1 — a, we have D;"VD (pA,pB) =0.

In figure 1(b) some consumers start buying from platform A, although the ones located
closer to platform B, always prefer this firm, regardless of their willingness to pay for
quality, y € [0,1]. In that case, the price gap p* — p? must be such that 0 < g; (0) < 1
and y; (1) < 0. These inequalities impose the follow condition on the price gap in the case
of vertical dominance:

~l-a)+2<pt—p" <1-aq, (6)
with ¢ > 2 under vertical dominance. When (6) holds, the demand specification is given

by:

D;flIVD (pA’pB’DA) _ 5;'(0)217]'(0)<:>
A|VD B_,A AVD o)\
DY (p'p", DY) = L(F+EFE oD —5) &
2
A[VD A[VD
DM (0" DY) = i [L+a (207 - 1) p" -]

Solving with respect to D;“VD yields:

Dj{‘\VD (pAypB) _ g—a(pP—pA+(1—a) )12;/2q[q72a(pBipA+17a )]‘
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The simulation demonstrates that, for the convex segment of the demand of the low-

quality platform, the specification of the demand is given by:

D;4|VD (pA)pB) _ q—(X(pB_pA-i-(l_a) )—226/2q[q_2a(p3_pA+1_a )] '

In figure 1(c), we observe that consumers with higher willingness to pay for quality prefer
platform B over platform A. However, there are consumers in all locations x € [0, 1] par-
ticipating in platform A. Accordingly, the following conditions must be verified: ; (0) <1
and y; (1) > 0, leading to the following conditions on the price gap:

l+a—g-2<pt—p’ <—(1-a)+%.

In that case, the demand specification is given by:

B

pAIVD (pA7pB) _ ?73'(0);%(1) _ _1

J _q72a(p _pA_a)'

In figure 1(d), the price gap p* — p? is such that all consumers located closer to firm
A, prefer to participate in this platform, regardless of their willingness to pay for quality
y € [0,1]. Hence, y; (0) > 1 and 0 < y; (1) < 1, yielding:

—q—(1—a)<p'—p’ <l+a—g¢g-2
In that case, the demand specification can be obtained by computing:

DAVP (pA pB DAY = 1 LROIEO)

A A 2
R (R (R | T

Solving with respect to D;”VD yields:

AVD ;A By _ o(p?—pPHltat+q )—gEy/qlg—2a(1—a—pB+pitq)]
Dj ( P )_ 202 :

The simulation demonstrates that, for the convex segment of the demand of the low-

quality platform, the specification of the demand is given by:

AlVD / A a(pA—pP+1ltatq )—g++/qdla—20(1—a—pB+pAtq )]
DI (p,pP) = 2 St :

Finally, in figure 1(e) all consumers prefer to participate in platform A, yielding:

D" (p*p") = 1.
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For this to occur, we must have g;(1) > 1, yielding p* —p? < —¢g— (1 —a). In light of this,
we have that the demand function D;”VD (pA, pB ) under vertical dominance, corresponds

to a piecewise function with the following specification:

pAIVD (ijpB) _

J

(

0 if pA—pP>1—aq

q_a(l_a+p3_pA)_\g/;z[q_za(l_wa_pA)] if —(l+a)+2<pt—pf<l-o

q—12a(pB—pA_a) if 1+oz—q—27o‘§pA—pB§—(1+a)—|—27°‘;

_q+a(1+a_p3+pA+q)+2\c{§ o 2elopP D) Gp g (1—a)<p*—pP<l4a—gq— 2
|1 if pP—pP<—q-(1-a)

Since each side of the market is assumed to be covered by the two firms, platform’s B
demand function is simply:
D;BIVD (pA,pB) —1_ D]AIVD (ijpB) '

The same comments apply, mutatis mutandis, when obtaining the specification of the
demand function under horizontal dominance. In particular, it is easy to see that the
monopoly outcomes occur under exactly the same conditions. Similarly, when all con-
sumers located closer to platform B (resp. platform A) participate in this platform,
regardless of their willingness to pay for qualities (i.e. the configuration of firms’ mar-
ket shares under horizontal dominance is similar to the one depicted in figure 1(b) (resp.
figure 1(d) under vertical dominance), the computation of platforms’ demand under hori-
zontal dominance is analogous to the case of vertical dominance. In particular, we obtain
that the expressions of demands are exactly the same as in the case of vertical domi-
nance, although, the corresponding price domain is different, since ¢ < 2 under horizontal

dominance. Accordingly, we have that:

pamp 4 gy _a—o(l-atp?—p) - Va(g—2a(0—a+p” —pT))
j (p 7p )_ 20[2 I

Whenl—a—q+%SpA—pB<1—oz,and:

aEp a4 gy —atall+a—-pP+pt+q)+alg—2a(l—a—pP+pr+q)]
D] (p 7p ): 2&2 9
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when —¢— (1—a) <p? —pP < —(1—0a) - .

The situation described in figure 1(c) for the case of vertical dominance does not arise in
the case of horizontal dominance. Instead, when —(1—a)— % < pA—pB <l—a—q+ =,
the configuration of demand is depicted in figure 2(a). In that case, all consumers located
closer to platform A (resp. platform B) participate in this platform (regardless of their
willingness to pay for quality) '*. This is the case, when 7;(0) > 1 and g;(1) < 0, yielding:

—l-—a)—L<p'—pP<l-a—-q+%

The expression of demand can be obtained as follows:

A|lHD z,;(0)+x;
Dj| (pA,pB) = —J(0)2 i) =
A|HD A B 1 B_pA

Accordingly, the demand function DJA‘HD (pA,pB ) under horizontal dominance, corre-

sponds to a piecewise function with the following specification:

DJAIHD (pA’pB) _

(0 if pA—pP>1—a
q_a(l_‘”’)B_pA)_\!(fg[q_za(l_“”B_”A) ] if 1—a—q+% <p*—pP<l-q
%[1+”f:§/‘—ﬁ] if —l—a)=%<p'-p’<l-a—-q+%;
—q+a<1+a—p3+pA+q)+2\C{g[q—2a(1—a—pB+pA+q>1 if —g—(1—a)<p'—pf<—(1-a)— 12

|1 if pt-p"<—q—(01-a),

and Df‘HD (pA,pB) =1- DJA‘HD (pA,pB) .

7.2 Appendix B - Proofs of Propositions and Lemmas

Proof of Lemma 1

5Recall that in the case of horizontal dominance, consumers attach more importance to hor-

izontal differentiation vis-a-vis vertical differentiation.
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Let us consider the profit of platform A :
7 (p?,p?) = 2p" DA (p?, p"),

with D4(p#, p?) = DAVP (p#, pP) under vertical dominance, and D4 (p?, p?) = DAHP (pA pP)
under horizontal dominance. Recall that the demand of platform ¢ is a continuous and

non-increasing function of p’, both under horizontal and vertical dominance.

A. proof under Horizontal Dominance

In the case of horizontal dominance we obtain that the profit function of platform A is

given by:

TAHD (pA pB) —

0,p4 — p? > 1 — a; (branch 5)

pA [q—a(l—a+p3—pA)—\/Q[q—QOé(l—aﬂ)B —p*) }]

a?

,1—a—q+%<pA—pB§1—a; (branch 4)

§ pA [1+p?:§A—ﬁ ,—(1—a)—%§pA—pB§1—a—q+%; (branch 3)

p? [—q+a(1+a—p3 +pA+9)+4/alg—20(1—a—pB+pA+q) }]

a2

, - (1-a)<p*—pP < -(1-a)-%;

(branch 2)

2p%,pt —pP < —q - (1 — a).(branch 1)

(i) Concave and linear segments of the profit function (branches 1-3 and 5)

Furthermore, in the case of horizontal dominance, DA P (pA, pB ) is concave and decreas-
ing for p* — p? <1 —a — ¢+ a and it is constant for p* — p? > 1 — . Since demand
in those price domains is concave and non-increasing, the profit function of platform A is

also a concave function of p# in that price domain'®. Note that for the concave segment

on? (p*p?)

16Note that since 74 (pA,pB) = QpADA(pA’pB)7 follows that ——p— = QDA(pA,pB) +
8DA A7 B 8271"4 )A7 B aDA A7 B 82DA )A7 B . . .
oph ézAp ). Thus, 8(5;)2;7 ) — 4 {SZA ") 4 2pA%. Since the demand is (i) de-
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—q—(1—a) <p*—pP < —(1—a)— L of the demand of platform A yields:

apAHD(papBY 1 /qlg—2a(l—a+pr—pP+q) ]
T T 90 2alg 2a(l_atpl pPig))
82DA\HD(pA7pB) _ 1 <0

ow)” 203 [ —20(pP —pr+l-a)] i

The profit function of platform A is linear at branch 1 and concave at branches 2 and 3.
The first derivative of the profit function relatively to its price at branches 2 and 3 are,

respectively, given by:

oA (pApP) 1ol 24 g p® Valg—2a(1-atpi—pBiq) | py/dlg—2a(1-atpi—pPiq) ]
opA - o 2 @ o a a? alg—2a(l—a+pA—pP+q) |
ort(ph0”) _ 2(1-a)12pP —apt—q
OpA - 2(1—a) :

Evaluating the derivatives at the kink p* = pf — (1 — a) — L, follows that the LHS
derivative (using the profit function expression of branch 2) and the RHS derivative (using

the profit function expression of branch 3) are given by:

87TA pA7pB B 1—a o
(<9p ) T 3_q+2(1ga)_£_a+ a;rq7
pA=[pP—(1-a)- %]
87rA<pA,pB) B
op7 L= 3ty i
pA=[pP—(1—a)— %]

In the frontier between the two concave segments of the profit function, the following

inequality must hold:

orA (pA ’pB )
OpA

2 T :
pA=[pP—(1-a)- 2] R LR
By words, the LHS derivative at the kink point p* = p? — (1 —a) — £+ must not be lower
than the RHS derivative to obtain a concave profit function in the domain —¢— (1 —«a) <
pA—pP <1l—a—q+ L*. We verify that this inequality is verified, since the LHS derivative
is higher than the RHS derivative at p* = p? — (1 — @) — & because:

l1—-a+qga >0,

. .. . . BDA(pA,pB) ..
creasing and (ii) concave at the considered segment follows that (i) —— +— < 0 and (ii)
82DA(pA,pB) . . OQWA(pA’pB)

A respectively. Then, we obtain —apr < 0.
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holds under assumption 1.
(17) Convex segment of the profit function (branch 4)

By contrast, the only domain in which the profit function is not concave is:
1—a—q+%a<pA—pB§1—oz,

where the demand function DAHP (p#, pP) is strictly convex, with:

92 DAIHD (pA,pB) B 1

5 = >0
o 22 [g =22 (pP —pr+1—a) |

3
2

for such values of (p*, p”).

In that price domain, yields that the profit function is given by:

—a(l—a+pB—pA)— —2a(1-«a —pA
A (pA7pB) — 2 DA, pB) = p |4 (1—at+pP —p*)—/ala—2a(1—a+pB—pA) ]

a? )
The derivative relatively to price is given by:

onA (pApP) (ap® — ¢ — 2ap® — a* + a) \/p — 20qp® + 3agp™® + ¢* — 204(1 — @) ;
opA - a2\ /p (7)

with p = —2aq (pB —p )—|—q2—2a(1 —a)q. Alternatively, expression (7) can be re-written

as:

ot (pA ") 14 4 _ LpP-2pt Vala—2a(1—a+pP—pA) ] pAy/glg—2a(1-atpP—p?) ] (8)
op4 o a? a a? alg—2a(1—a+pB—pa) ]

The second derivative of 74 relatively to p# in the mentioned price domain is given by:

o (p"p®) =24 p*V/dla—2a(1-a+pP—p) ] 2y/qlg—2a(1-a+pB—p*) ]

a(pA)? el alg—2a(1—a+pB—pA) ? alg—2a(1—a+pB—p4)] >

and the third derivative of the profit function with respect to their price is given by:

st (pip?) _ 3v/qlg—20(1 —a+p” —pt) [{g—a [2(1 — o) +2p" —p] }‘

o)’ lg —2a(1 —a+pB—ph)
o s . P (pA,pB) . orA (ijpB) .
Thus, it is straightforward that o0 > (0 under assumption 1, so that —pr I8

strictly convex in p# for the price domain 1 — o — ¢ + 1o < pd —pP <1 —a.
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. . . orA A7 B
Also considering the behavior of %

which corresponds to the upper bound of the convex segment of the demand, plugging

in the neighborhood of p* = p? + (1 — a),

pd = pP + (1 — a) in equation (7), we obtain:

[g+a(l—a+pP)] (\/?—q)

qa?

67'("4 (pA 7pB )
opA

pA=[pP+(1-a)]”

Since the LHS derivative of 74 relatively to p# is null at p? = [pB +(1- a)] ~ and the

second derivative of the profit function evaluated at p* = [pB +(1- a)} - is given by:

9274 (pA 7pB)

- pP+1-a
a(pA)? o

>0,

pA=[pP+(1—a)]” 4

it follows that the profit function 74 (pA, pB) reaches to a minimum at the point p4 =
71,.A A B

pP+(1—a) and, thus, %

pt—pP<1l-a

= 0 has at most one solution in the domain 1—a—g¢+%* <

(77i) Sign of the derivatives at the kink between the linear and convex seg-

ment of the demand function

Furthermore, in the neighborhood of p* = p? +1 —a — ¢ + Za, the lower bound of the
convex segment of the demand function, the RHS and the LHS derivatives at the kink
point pA =pP +1—a—q+ Zav of the profit function of platform A are equal.

(a) To compute the RHS derivative, we plug p* = p? +1—a —q+ 2o in equation (7)

B -2
_ o P asmza)
+ l—-a 2\1—-«

(b) To compute the LHS derivative note that, for [pA =pP+l1—a—q+ %a} ~, the

to obtain:

87‘(’4 <pA7pB)
a(p™)

pA:{pBJrlfaquL%a]

profit of platform A is equal to:

B A
A( A B A p-—Dp q
= 1 — )
™) =p {—i_ 1—« 2(1—04)}

Then, the derivative is given by:

ond(pap?) 21 —a)+2pP —dpt —g¢
ot 2(1 — ) '
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Evaluating the derivative at p* = p® +1 —a — ¢ + Za, we obtain the LHS derivative in

the neighborhood of p* = [pP +1—a — ¢+ La] :

or4 (p”,p?) p? n q (3 — 2a> '

=1
op? 1PA=[pB+lfafq+%a] l—-a 2\1—-«

X 87TA (pA7pB)
Thus, the sign of g

both derivatives are equal:

is the same on both sides of p* = p®? +1 —a — ¢+ 2o and

8WA(pApB) _ 3ﬂA(pAmB>
o) ]pA:[pB“‘a‘”%ar_ owh) 1pA=[pP+1-a—g+ial

(iv) Conclusion

Thus, combining this result with the fact that 74 is concave on —¢— (1 —a) < p4 —pP <
1 —a—q+Za, we conclude that on the interval —¢— (1 —a) < pA —pP < 1—a the profit
function of platform A under horizontal dominance has a unique maximum with respect
to pA and, therefore, is quasi-concave in p*. We provide robustness with a simulation
where we observe, for various combinations of the pair («,¢), a profit function with a

quasi-concave shape.

B. proof under Vertical Dominance

In the case of vertical dominance we obtain that the profit function of platform A is given
by:
TAIVD (p*,pP) =

(

0, p* — pP® > 1 — a; (branch 5)

pA [q*a(lfaﬂ)B —p*)—V/alg—20(1—a+pB—p?) }]

a?

2p4

q—2a

(P —p—a), 1+a—q—2 <ph—pB < —(1+0a) + 225 (branch 3)

p? [—q+a(1+a—p3 +pA+9)+4/alg—20(1—a—pB+pA+q) }]

a2

, —q—(l-—a)<p*—pP <l+a—q-

2p*,p* — pP < —¢— (1 — a). (branch 1)
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2.
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(branch 2)



(1) Concave and linear segments of the profit function (branches 1-3 and 5)

As explained in the case of horizontal dominance but, now, under vertical dominance,
DAIVD (pA, pB ) is concave and decreasing for p* — p? < —(1+a) + 27“ and it is constant
for p4 — p® > 1 — a. Since demand in those price domains is concave and non-increasing,

the profit function of platform A is also a concave function of p# in that price domain!”.

Note that for the concave segment —q— (1 —a) < p? —pP <1+a—q— 270‘ of the demand
of platform A yields:

8DA|VD(pA7pB> B i B \/q [q—2&(1—&+pA—pB+Q) ]
op” T 20 20[g—2a(l—a+pr—pBtq)]’

92 DAIVD (pA 7pB) _ 1

—oar = < 0.

23 [g—2a(pP —pA+1—a) ]2
The profit function of platform A is linear at branch 1 and concave at branches 2 and 3.
The first derivative of the profit function relatively to its price at branches 2 and 3 are,

respectively, given by:

ont (pp”) 141l a2 g pP Vdla—2a(1—a+pi—pB+q) ]  p*\/ala—2a(1—a+pi—pPiq) |
dpA - a a? a a a a? alg—2a(l—a+pA—pB+q)]
onA (pAJ)B) o 2(2pA_pB+a)
opA - q—2a :

Evaluating the derivatives at p* = p? +1+a —q — 270‘, follows that the LHS derivative

(using the profit function expression of branch 2) and the RHS derivative (using the profit

function expression of branch 3) are given by:

arA (pA pP 4 2 B
—S;Ap ) = 3-—-+ q2 - p2 ;
pAZ[pB-l-l-l-a—q—%‘}_ q q— st q— st
orA (pA,pB> o q QPB
o R R
pA=[pP+1+a—q—22] ¢ qTe gmea

Then, under vertical dominance, the LHS derivative and the RHS derivative at p* =
pPP+1+a—q-— 2?“ are equal. Thus, the profit function is concave in the domain

—q—(1—a)<p*—pP < —(1+a)+ 2.

aﬂ_A A7 B
) — aDAA P +
. Since the demand is (i) de-
aD*(p*,p”)
OpA

"Note that since 74 (p?,p?) = 2pADA(p?,p?), follows that

2pA8DA(pA7pB) Thus aQﬂ_A(pAJ)B) 8DA(pA’pB) DA(pAmB)
’ )

_ 4 9°
op7 2T = Ao T2 Ay

creasing and (ii) concave at the considered segment follows that (i) < 0 and (ii)
82DA(pA7pB) BZWA(pAJ)B)

T respectively. Then, we obtain aoA < 0.

35



(17) Convex segment of the profit function (branch 4)
By contrast, the only domain in which the profit function is not concave is:
—(1+a)+270‘<p‘4—p3§ 1 —a,

where the demand function DAIVP (pA, pB ) is strictly convex, with:
92 DAIHD (pA7pB) 1

2 = >0
o 22 [g =20 (pP —p+1—a) |

3
2
for such values of (pA, pP ) .

In that price domain, yields that the profit function is given by:

—a(l—a+pB—p4)— —2a(1—a+pB—p4
WA(pAJ)B):2pADA(pA,pB):pA{q (1—a+p” —p*)—/alg—20(1—atp p)]}7

a?

The derivative relatively to price is given by expression (7). The second derivative of 74

relatively to p# in the mentioned price domain is given by:

& (pAva) _ 2 pA \/Q[q—QOé(l—Ot-HDB —pA) ] 2\/q[q—2a(1—a+p3 —p4) ]

a(pA)? T« alg—2a(1—a+pB—p4) ? alg—2a(1—a+pB—p4)] >

and the third derivative of the profit function with respect to their price is given by:

o*r A (pApP)  3y/dla—2a(1—a+pB—p?) [{g—a2(1—a)+2pT—p*] }
owh’ lg—2a(1—a+pB—p4) | '

o . 93 A A7 B
Thus, it is straightforward that %

strictly convex in p* for the price domain —(1 — «) + 270‘ <pt—pP<1l—a.

Arte”)

. 0 A .
> 0 under assumption 1, so that FT is

. . . oA A’ B
Also considering the behavior of %

which corresponds to the upper bound of the convex segment of the demand, plugging

in the neighborhood of p = p? + (1 — a),

pd = pP + (1 — ) in equation (7), we obtain:

l[q+a(l —a+p?) ] (ﬁ—q)

pA=[pP+(1-0)] q0®

87'(‘4 (pAJ)B)
opA

Since the LHS derivative of 7 relatively to p# is null at p* = [p? + (1 — a)]  and the

second derivative of the profit function evaluated at p* = [pB +(1- oz)} - is given by:

8271"4 (pA ’pB)

_pPH+1l-a
a(pA)* -

> 0,

pA=lpP+(1-a)]” 4
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it follows that the profit function 74 (pA, pB) reaches to a minimum at the point p4 =
87TA A’ B
pP + (1 — ) and, thus, %

t<pt-pP<l-a

= 0 has at most one solution in the domain —(1+ «) +

(7i1) Sign of the derivatives at the kink between the linear and convex seg-

ment of the demand function

Furthermore, in the neighborhood of p* = p? — (1 + ) + 270‘ (the lower bound of the
convex segment of the demand function), the RHS and the LHS derivatives are equal at

this kink point of the profit function of platform A.

(a) To compute the RHS derivative, we plug p* = p? — (1 4+ a) + 270‘ in equation (7)
to obtain:
M 4 2pB 2a 8o

a(pA) ]+ ~ 42 g2 + g2  q(g—2a)

pA=[pP—(1—a)+ 2

(b) To compute the LHS derivative note that, for [pB —(1+a)+ %a] B , the profit of
platform A is equal to:

A (pA pB) _ 2p” (pB _pA _ a)
’ q — 2o '
Then, the derivative is given by:
BﬂA(pA,pB) - 2pB 4pA 2c0

w T g—2a q—2a q-2a

Evaluating the derivative at p* = p® — (1 + ) + 27“, we obtain that the LHS derivative
in the neighborhood of p* = [pB —(1+a)+ 27"‘ s given by:

87FA (pA 7pB)

4 o2pB 2 8a
a(p4) T

q—2a q—2a q—2a q(q—2a) "

pA=[pP—(1—a)+22]"
Then, both derivatives have the same sign and are equal.

87TA (pA 7pB)
a(pH)

87TA (pA ’pB)
a(pH)

pA=[pB—(1—a)+22]" pA=[pB—(1—a)+2

such that the profit function is continuous and decreasing.
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(iv) Conclusion

Thus, combining this result with the fact that 74 is concave on —¢ — (1 —a) < pA —pP <
—(14+a)+ 27“, we conclude that on the interval —q — (1 — ) < p* —p? < 1 — « the profit
function of platform A under vertical dominance is quasi-concave and it has a unique
maximum with respect to p*. We provide robustness with a simulation where we observe,

for various combinations of pairs («, q), a profit function with a quasi-concave shape.

The proof can be repeated, mutatis mutandis, under vertical and horizontal dominance

for platform B. Let us now consider the profit of platform B :
w (p",p") = 20" DP (p", p?),

with DZ(p?, pP) = DBIVP (pA, pP) under vertical dominance, and D? (p, pP) = DBIHP (pA, pP)
under horizontal dominance. Recall that the demand of platform 7 is a continuous and

non-increasing function of p’, both under horizontal and vertical dominance.

C. proof under Horizontal Dominance

In the case of horizontal dominance we obtain that the profit function of platform B is

given by:

xBIHD (pA’pB) _
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[ 2pB, p* — pP > 1—a; (branch 5)

—a(l—a+pB —pA)—+/qlg—20(1—a+pB—pA) ]

QpB(l—[q pT—p \2/;12(1 pZ—p ])’ 1_a_q+%<pA_pB§1_a;
(branch 4)

B_pA « o

2pB{1_% [1_1_;)1_2 - 2(1q—a)]}’ _(1_a>_% SPA—pB < 1—04—Q+q7§

(branch 3)

oy {1 _ {—q+a(1+a—p3+pf‘+q)+\/Q[q—20<(1—a—pB+pA+q) ]} }

2 L og—(l—a)<pt—pPf<

< —(1—a)— % (branch 2)

0, p* — p? < —¢— (1 — ). (branch 1)

(i) Concave and linear segments of the profit function (branches 3-5 and 1)

Furthermore, in the case of horizontal dominance, DZHP (pA, pB ) is concave and decreas-
ing for —(1 —a) — % < p* —p? <1 —a and it is constant for p* — p® > 1 -« and
pA—pP < —q—(1—a). Since demand in those price domains is concave and non-increasing,
the profit function of platform B is also a concave function of p? in that price domain'®.
Note that for the concave segment 1 —a — ¢+ & < p? — pP <1 — « of the demand of
platform B yields:

A —at =
oDBIHD (pA pBY Vala—20(0-a+pB—pA)]
dpB - 202 )
92DBIHD (pA B
B(2 ) = - 1 L 3 < 0
a(pY) 2q2 [g—2c(pB —pA+l-a) |2

The profit function of platform B is linear at branch 5 and concave at branches 3 and 4.

The first derivative of the profit function relatively to its price at branches 4 and 3 are,

B A B
¥Note that since 78 (p4,pP) = 2pPDE(pA,p?), follows that % = 2DB(pA,pP) +
BaDB(pAva) 327TB(pA,pB) _ 3DB(pA,pB) BazDB(PAJ)B) . . .
2p” ——r . Thus, —55r— = d——5 + 27— Since t}];le Ade;mand is (i) de-
creasing and (ii) concave at the considered segment follows that (i) % < 0 and (ii)

BZDB(pAJ)B) BZWB(pA,pB)

TET respectively. Then, we obtain FuET < 0.
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respectively, given by:

e 0 WP SN R e ey Y R N e )
OpB - a? o a @ a? alg—2a(l—a+pB—pA)]
87"B(pA»PB) _ 2(1—a)+q+2p?—4pB
opB - 2(1—a) :

Evaluating the derivatives at the kink p? = p* — (1 — a) + ¢ — &, follows that the LHS
derivative (using the profit function expression of branch 4) and the RHS derivative (using

the profit function expression of branch 3) are given by:

om (p* p7) P s 2p"
— 5,5 = 3—q—— "+
P pB:[pA—(l—a)—i-q—%]_ 2(1 — a)
x4 (1) ey
" A
pP=[pA-(1-a)+q— %]

In the frontier between the two concave segments of the profit function, the following

inequality must hold:

orB (pA’pB)
opA

pP=[pA-(1-a)+q— %]~ pP=[pt-(-a)ta-%]"

We verify that this inequality is verified, since the LHS derivative is equal to the RHS

derivative at p? =p* — (1 —a) +¢— %'
(17) Convex segment of the profit function (branch 2)

By contrast, the only domain in which the profit function is not concave is:

—q—(1-a)<p*—pP < -(1-0) - %,

where the demand function DBHP (pA, pP ) is strictly convex, with:

82DB|HD(pA’pB) B 1

W agifg—20(pF —pA+1-a) |

>0

3
2

for such values of (p*,p?) .

In that price domain, yields that the profit function is given by:

—gt+a(l+a—pP+pr+g)+y/alag—2a(1—a—pB+pitq) |
= (p*,p") ZQPBDB(pA7pB)=2pB{1— [ s ]},
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The derivative relatively to price is given by:

B
g—qa—+/qlg—2a(1—a—pP+pA+q) |—a| 1-a—2pB+pi+ 2
orB (pAapB) o \/ \/q[q*2a(1*a*p3+p‘4+q) ] (9)
- 2

OpB o

Alternatively, expression (9) can be re-written as:

or® (p*,p?) IS G S B L pP/dla—2a(1—a—pB+pi+q) ] /ala—2a(1—a—pB+pi+q) ]

OpB a? ey ey @ a alg—2a(l1—a—pB+pA+q) | a? :
(10)
The second derivative of 7 relatively to p? in the mentioned price domain is given by:
2 B
2 _B( A, B 2t e 3 =
o°m (p P ) _ (q72a(17a7p3+p’4+q) )j \/11(11*204(1*04*1713"’?’47“1) )
a(pB)? - a2 )

and the third derivative of the profit function with respect to their price is given by:

B
aBWB(pAJ)B) B 3q3 [q e (1 — = % +pA + Q)]

apB)? 5
v [4(¢ —2a(1 —a = pP +p* +q) )]?
o . 3B (pA7pB) . onB (pA7pB) .
Thus, it is straightforward that T > (0 under assumption 1, so that —pF 18
strictly convex in p? for the price domain —g — (1 — ) <p* —p? < —(1—a) — &

. . . onB A7 B
Also considering the behavior of %Bp)

which corresponds to the upper bound of the convex segment of the demand, plugging

in the neighborhood of p? = pA+(1—a)+q,

pP = p* 4+ (1 — a) + ¢ in equation (9), we obtain:

onB ( pA pB )
opB

B (—q+\/q_2) [g+(1+p +g)a—a?]

qa2 — 0.

PP=lpA+(1-a)+q"

Since the LHS derivative of 72 relatively to p? is null at p?® = [pA +(1—a)+ q] ~ and
the second derivative of the profit function evaluated at p® = [pA +(1—a)+ q} - is given
by:
92xB (pA’pB)
a(pP)*?

_1—a—i—pA+q>0

pP=lpA+(1—a)+q]” q

it follows that the profit function 72 (pA, pB ) reaches to a minimum at the point p? =
71.B’ A B

p? + (1 — a) + ¢ and, thus, 8((9];—3’10)

A
—q—(1-a)<pt—pP <-(1-a)-%.

= 0 has at most one solution in the domain
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(77i) Sign of the derivatives at the kink between the linear and convex seg-

ment of the demand function

Furthermore, in the neighborhood of p? = pA +1—a+ 2a, the lower bound of the convex
segment of the demand function, the RHS and the LHS derivatives at the kink point
pP=pt+1—a+ Zav of the profit function of platform B are equal.

(a) To compute the RHS derivative, we plug p? = p* +1—a + Zav in equation (9) to
obtain:
onB (pA’pB)
(p?)

(b) To compute the LHS derivative note that, for p? = [pA +1—a+ %a} ~, the profit
of platform B is equal to:

1 pP —p! q
B A B B
—opPl1- - |1 - .
™t pT) =2 { 2{ e -

Then, the derivative is given by:

orP(pApP) 2 —2a+q— 4pP + 2pA
or 2(1 — «) '

Evaluating the derivative at p? = p4 +1 — o + 2o, we obtain the LHS derivative in the
neighborhood of p? = [p* +1—a+ a] :

sl Gt _ 2" +q
op"” 1pB:[pA+1—a+%a]_ - '

fﬂ.A A B
Thus, the sign of % is the same on both sides of p? = p? +1 — o+ Za and both

derivatives are equal:

ot (o #) _ ot ()
0T TpA=[ppi-atdal” T IO pA—[pPai-atdal”

(iv) Conclusion

Thus, combining this result with the fact that 7% is concave on 1 —a—g¢+% < p*—pP <

1 — «, we conclude that the profit function of platform B under horizontal dominance is

quasi-concave in p? and, therefore, has a unique maximum with respect to p®.
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D. proof under Vertical Dominance

In the case of vertical dominance we obtain that the profit function of platform B is given
by:
<BIVD (p*,pP) =

¢

2pB, pA — pP? > 1 — a; (branch 5)

g—a(l—a+pB—p?)—+/qla—20(1—a+pB—p4) ]
2pB{1—[ \2/a2 ]}, —(1+oz)+27a<pA—pB§1—oz;

(branch 4)

2pB [1— L (pB—pA—a)], 1+a—q—%‘“§p‘4—p3§—(1+a)+2§; (branch 3)

q—2«

B [—q+a(1+a—pB+pA+q)+\/q[q—2a(1—a—p5 +p4+4q) ]}
2p” <41 — 507

}7 —q—(1—a)<p*—pP<
<1—|—Oz—q—27o‘; (branch 2)

0, p* — p? < —¢— (1 — ). (branch 1)

(i) Concave and linear segments of the profit function (branches 3-5 and 1)

As explained in the case of horizontal dominance but, now, under vertical dominance,
DBIVD (pA,pB) is concave and decreasing for 1 + a — ¢ — 27“ <pd—pP <1—aandit
is constant for p* — pP < —¢ — (1 — «). Since demand in those price domains is concave
and non-increasing, the profit function of platform B is also a concave function of p” in
that price domain. Note that for the concave segment —(1 + a) + %‘“ <pt—pP<1l—-a
of the demand of platform B yields:

qo

+
\/q[q—Qa(l—a+pB—pA) ],

—Q

9DBIVD (pA’pB)

apB 2002 )
82DB\VD(pA7pB) - 1 <0
- a,. B\ _ — 3 .
a(p?) 243 [g—2a(pB—pA+1—a) |2

The profit function of platform B is linear at branch 5 and concave at branches 3 and 4.

The first derivative of the profit function relatively to its price at branches 4 and 3 are,
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respectively, given by:

orP(pApP) 14 1 _pt 2P Valg—2a(1—a+pB—pA) ] pPr/alg—2a(1—a+pB—pH)]
—pF =l mto Tt > T T ali—2a(i—atpPpA)]
orP(pApP)  2(q—a+pt—2pP)
opB - q—2a

Evaluating the derivatives at p? = pA 4+ 1 + o — %"‘, follows that the LHS derivative
(using the profit function expression of branch 4) and the RHS derivative (using the

profit function expression of branch 3) are given by:

onh (pA,pB) 4 sz + q
ard (pA,pB) 4 2PA + q

s = 3-- -2
p=[ph 1022 ¢ g¢-2

Then, under vertical dominance, the LHS derivative and the RHS derivative at p? =

pA+l+a— 270‘ are equal. Thus, the profit function is strictly concave in the domain

lta—g-22<p'—pP<1-a.
(17) Convex segment of the profit function (branch 2)
By contrast, the only domain in which the profit function is not concave is:
—q—(1-a)<p'—p’ <l+a—-qg-2,

where the demand function DBIVP (pA, p? ) is strictly convex, with:
82DB\VD(pA7pB) 1

2 = >0
o 22 [g =20 (pP —pA+1—a) ]

3
2
for such values of (p*,p?).

In that price domain, yields that the profit function is given by:

—g+a(l+a—pP+pA+g)+1/glg—2a(1—a—pB+pA+q) |
= (p*,p”) = 20" DP (p*, p") = 2p” {1 _ | s ] } :

The derivative relatively to price is given by expression (9). The second derivative of 7%

relatively to p® in the mentioned price domain is given by:

2+ QQPBOZ 2q

-
9" (pA’pB) _ [a—2a(1—a—pB+pi+q) ]2 \/4[q—2a(1—a—pB+pA+q) ]
a(pB)? - a2 )
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and the third derivative of the profit function with respect to their price is given by:
B
837|_B(pA7pB) B 3(]3 [q — 2« <1 — Q= p? +pA + Q)]
apB)* 5
v {gla —20(1 —a—pP +p* +q) |}
L. . 837'('8 (PA,PB) A 87‘(‘B (pA’pB) .
Thus, it is straightforward that O > 0 under assumption 1, so that —pF 18

strictly convex in p? for the price domain —¢ — (1 —a) <p? —pP <1+a—q— 270‘.

. . . onB A’ B
Also considering the behavior of %

which corresponds to the upper bound of the convex segment of the demand, plugging

in the neighborhood of p? = p* + (1 —a) +¢,

pP = p* 4+ (1 — a) + ¢ in equation (9), we obtain:

orB (pA’pB)
opB

_ (—q+\/q_2) [g+(1+p*+g)a—a?]

qa2 — 0.

PP=lpA+(1-0)+a)”

Since the LHS derivative of 72 relatively to p? is null at p?® = [pA +(1—a)+ q] ~ and
the second derivative of the profit function evaluated at p® = [pA +(1—a)+ q} - is given
by:

925 B (pA’pB)

B 1—a+pA+q>
a(p®)? N

0,

pP=lpA+(1-a)+q)” ?

it follows that the profit function 72 (pA, pB ) reaches to a minimum at the point p? =
A i Gt

p” + (1 —a)+ q and, thus, —5 75—

—q¢—(1-a)<p*—pP <l+a—-qg-2

= 0 has at most one solution in the domain

(#7i) Sign of the derivatives at the kink between the linear and convex seg-

ment of the demand function

Furthermore, in the neighborhood of p? = p4 — (14 a) + ¢+ %a (the lower bound of the
convex segment of the demand function), the RHS and the LHS derivatives are equal at

this kink point of the profit function of platform B.

(a) To compute the RHS derivative, we plug p? = p* — (1 +a) + ¢+ 27‘" in equation

(9) to obtain:
arB (pA pB 4 2 A +
% L =—1+-- p_Qq_
pB=[pA—(1+a)+q+22] @ 9T e
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(b) To compute the LHS derivative note that, for p? = [pA —(1+a)+q+ %‘1 B , the

profit of platform B is equal to:
1
B(, A B B B_ A
T =2 1— —p* = )
(p D ) D 2 (p D a)]

Then, the derivative is given by:
on®(pAp8)  2(p* +q—2p® —a)
N q— 2« '

OpB

Evaluating the derivative at p® = p* — (14+a)+q+ 270‘, we obtain that the LHS derivative

in the neighborhood of p? = [pA —(1+a)+q+ 2?“] s given by:
4 2pt
14 He
pB:[pA7(1+a)+q+27a]_ q q— 2

onB (pAypB)
OpB

Then, both derivatives have the same sign and are equal:
o (p”,p?)

= B .
op +

onB (pA 7pB)

OpB )
pB=[pA—(1+a)+q+2]

pP=[pA-(1+a)+q+22]"

(iv) Conclusion
Thus, combining this result with the fact that 72 is concave on 1+a —q— 270‘ <pr—pB <

1 — «, we conclude that the profit function of platform B under vertical dominance is
O

quasi-concave and it has a unique maximum with respect to p®.

Proof of Proposition 2

Consider now the case of horizontal dominance, arising when ¢ < 2. When:
qo

—(1—a)—%§pA—pB§1—a—q+ 5

the profit of platform A is equal to:

1 p? —p! q
2pt 3= |1 —
b {2{ LTy
while the profit of platform B is given by:
1 p? —p! q
2pP 31— - |1 - :
p{ 2[ T e Tai-a
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Solving the corresponding system of first order conditions, we obtain the equilibrium price

candidate:

P =l—a-g P =1—atl,

and equilibrium market shares:
D =1 [1-ts], DT =1 1+ 5]
The equilibrium candidate requires:
DY >0e q<6(1—a),
which holds under horizontal dominance accordingly to assumption 1.

It only remains to verify if the equilibrium price candidate verifies the price domain

condition:
—(l—a)—-% <p'—p’<l-a—qg+%,

which holds for the intersection of the below system of inequalities. Computing, we obtain:

_(1_a)_ﬂ<pA*_pB* - (1 ) S_%; -
pr—pPr<l—a-qg+ L. —ﬂél—a—q+m
eq<y 6(1— a)ﬂq< (1 a) Leq< ( a)’
as described by the yellow region exposed in figure 6.
0.5
0.4
0.3
) 0.2
0.1
0.0
0.0 0 1.0 1 2.0
Figure 6
yielding Proposition 2 that is, now, fully characterized. U
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Proof of Proposition 3

As the profit function is quasi-concave, for each type of dominance, the equilibrium prices

can be obtained from the first order conditions:

9l (pA 7pB )
a—pi

=0, i€ {A B}.

Recall that, we concentrate on interior solutions in which both platforms are active. Thus,

we exclude the pairs of prices (pA, pB ) such that:
pr=pP>1—avpr—pP < —¢g—(1-0).
Let us consider first, the case of vertical dominance, occurring when ¢ > 2.

Focusing only on the linear segment of the profit function, when:

1
2 A B A
P LJ—M ("= a)]
while the profit of platform B is given by:
2p” |1 — B_pt—a)l.
P { q—2a (p P a)}

Solving the corresponding system of first order conditions, we obtain the equilibrium

prices:

A* _ g—a. B* _ 2(q—q)
p - 3 P - 3 )

and the equilibrium market shares:

A* 1 2a B* _ 2 20
D™ = 3 3(q—2a)’D 3 +

The equilibrium candidate requires:
DA >0 < ¢ > 4a,
which holds under vertical dominance accordingly to assumption 1.
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Given the quasi-concavity of the profit function, we obtain that this equilibrium price

candidate is always an equilibrium, as long as:
A_ B
lta—g-22<p'—p"<—-(1-a)+2.

This leads to the following result:

{ L+ a—q—2 <ph —ph @{ l+a—q—2< -5

p=pP < —(1—a) + 2.

@{ 1+3a—3¢— 2 <0 @{ —2¢° + ¢(3 + 2a) — 6a < 0;
1—%&—%q—27°‘§0. —¢* +q(3 — 2a) — 6 < 0.

Taking into consideration the definition of vertical dominance (¢ > 2), the equilibrium

price candidate is always an equilibrium for:
q>2N—2¢°+q(3+2a) —6a <0N—¢*+q(3 —2a) — 6a <0,

which is described by the blue region in the figure 7.

o4l

03

i g

0l

0.0k

Figure 7

The roots of both polynomials are given by:

3+2a++/9—4a(9—a));

—2q2—|—q(3+2a) —6a=0 N Gerix =
3—2a+4/9—4a(9 — a)

_q2 + Q(g - 20[) —6a=0 Ger2x =

N= =

Then, the equilibrium price candidate is an equilibrium for:
q>2Ngq>q,
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Withg:%(3—2a+\/9—4a(9—a)). 0

Proof of Lemma 5

(

Under the region of horizontal dominance ¢ < , the derivatives with respect to the

degree of vertical differentiation are given by:

o =5>0
A* B*
ng = 12(1 a) <0 and o= 12(11—a) > 0;
o q—6(1—a) 31 orB* _ gt+6(1—a)
5o = 1~ <0forg<i(l1-a) and - === >0.

Since for ¢ € (0,2) yields that 6(1 O‘) > 3 (1—«), (cf. figure 8 where the green region
corresponds to ¢ < 2 (1 — «) and the yellow region corresponds to 2 (1 — a) < ¢ < (1 O‘)),
it follows that:

(i) forg € (0,3(1—a)):2 <087r >0;
(1) for g € (% (1—-a), 6&;3)) : a’éq > 053 agq > 0.

0.5

0.4

0.3

0.2

0.1

0.0
0.0 0.5 1.0 1.5 2.0

a

Figure 8

Under vertical dominance, ¢ > 2N g > % (3 —2a+ /9 —4a(9 — a)) , yields:

w1 B 2 .
6q—3>0and Bq_3>0’
aDA" _ 2a apB™ _

50 = goa) 0 and Z%— —3(q 52 < 0;
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The derivative of the profit of the low-quality platform with respect to ¢ is given by:

A" 2(q—4a) + da(qg—a) _ 2¢2—8qa+12a2

dq — 9(g—2a) 9(¢g—2a)? ~ 9¢%2—36qa+36a2 > 0.

Since both equilibrium prices and equilibrium market shares are increasing in ¢, the result

is trivial.
On the high-quality platform B it follows that:

onB” 8q 8a(g—a) _ 8¢°—32ga+240? < 0

dq — 9(g—2a)  9(qg—2a)2 9(q—2a)?

The roots of the polynomial 8¢ — 32qa + 24a? are given by qor1 = o and goge = 3. By
assumption 1: 0 < a < % Then, it follows that: qCRl < 2N qcre < 2,Va. Since under

vertical dominance, ¢ > 2, it is immediate that 3” > 0. O

Proof of Lemma 6

(1 a) , the derivatives of the outcomes with

Under the region of horizontal dominance g <

respect to the intensity of the network effect are given by:

A* B*
B = 1<Oand Z— =-1<0;
aDA" q 8DB* _ q .
9o .  12(1- )2 <0 and = B-ap 0;
(97TA* B7r q>
Tda —1+ 36(1 36(1—a)2 and O -1+ 36(1 a)?”

The roots of the polynomial ¢*> — 36(1 — «)? are given by qor = +6(1 — a). Then, both

6(1—a)
4—-3a

derivatives are negative for 0 < ¢ <

Under the region of vertical dominance ¢ > 2Nq > % <3 —2a+ /9 —4a(9 — a)) , follows:

ot _ 1 _2

e < 0 and 5 <0;
) oDB* 2q .
da T 3(qg—2a)? < 0 and T 3(¢g—2a)? > 0;

The derivative of the profit of the low-quality platform with respect to « is given by:

* 6¢> — 16 1602
agA __bq qo + 16 <o
° (g — 2a)?

Notice that for the polynomial — (64> — 16ga + 16a? ) yields no roots on the real space.
However, since both equilibrium prices and equilibrium market shares are decreasing in

«, the result is trivial.
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On the high-quality platform B, follows that:

onB* 16c(q — )

= 0,
fr 9(g—20)

VIA

The roots of the polynomial 16a(q—«) are given by acr; = 0 and agre = ¢. By definition,
vertical dominance requires: ¢ > 2. Since, by assumption, a € (O, %), it follows that
% > 0 for a € (0, %) . Lemma 6 is, now, straightforward. Il

7.3 Appendix C - Intermediate equilibrium details

As mentioned in the paper, the white region corresponds to the equilibrium candidate
occurring under the circumstances described in figure 1(b). In this situation, the equilib-
rium occurs in the strictly convex segment of D“ and in the strictly concave segment of

DB. The profit of platform A is given by:

a [q—a(l—aﬂ)B—p“)—\/q[q—2a(1—a+p3—pA) }]
™ = 2 )
[}

while the profit of platform B is given by:

7TB — 2pB {1 . [q*a(lfoﬁpB—pA)f\/q[qua(lfaerB,pA) ]] }

202

Given the quasi-concavity of the profit function, an equilibrium price candidate is al-
ways an equilibrium as long as the price domain condition is verified. Under horizontal

dominance, the equilibrium is verified for:
1—a—q+%<pA*—pB*§ 1—a«

and under vertical dominance, the equilibrium is verified for:
—(l—l-oz)—l—%a <p™—pP*<1-a.

The best reply functions of platform A given the price charged by platform B are given
by:

p* (pP) =1—a+p¥;
A _ —3q+8c l—a—i—pB)—\/ﬁ\/m'
p* (p7) = ( 160 ;
A B —3q+8a<1—o¢+p3)+\/§\/9q—160¢(1—a+p3)
r* (%) = 6o :
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Given an increment on the price of the high-quality platform, the low-quality platform

reacts by also increasing its price. Analytically:

wor) ) v
- =1U =31+ V/9—16a(1—a+pB) |

d A(.B
We obtain that % > 0 in the third equality if and only if ¢ > 2(1 — a + p?), that
is, under pure vertical differentiation. Intuitively, in the case of horizontal dominance,
the platform A reacts by decreasing it’s price when p” increases while under the case of

vertical dominance, platform A reacts increasing their price.

The best reply functions of platform B correspond three polynomials of degree three
relatively to p and of degree six relatively to a.. Focusing on the polynomial that belongs

to the real space R, we obtain:

2 2 2 A 2
B A 3q716a(1+p‘4)+ —9q“ —288qa —li/a (=14p“~+3a)
p? (p") = 20

with v = v(a, q,p?) representing a polynomial of degree three relatively to p* and of
degree six relatively to a. Because of this polynomial, we are not able to display closed-
form solutions. Thus, we apply the theorem of Debreu, Glicksberg and Fan (1952) (see,
for example, pp. 34 of Fudenberg and Tirole (1991) [12]) to mention that an equilibrium

exists for such parameter region corresponding to the intermediate equilibrium. U
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