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Abstract

This thesis comprises three chapters in the area of intermediation, advertisement and
platform innovation. Chapter 1, Quality Uncertainty, Uninformative Advertising and
Intermediation Margins, works two contributions. First, we modify Milgrom and
Roberts (1986) model of price and advertising as possible signals of an experience
good quality, in such a way to rule out the possibility of price signalling alone. Second,
the resulting, more tractable, model is then used to contrast the potential benefits of
advertisement and intermediation, modelled as quality certification, as alternative
ways to overcome information asymmetries on the quality of new experience goods.
We show conditions under which intermediation can be a better way of revealing a
product's true quality than advertising.

Chapter 2, Platform innovation in a two-sided market, studies dynamic innovation
incentives in two-sided markets. We present a monopoly platform model with service
quality innovations and innovation models of competing platforms. We show that, in a
non-tournament duopoly model, platforms will end up in a prisoners' dilemma
equilibrium where they conduct same positive R & D, even if their profit will be higher
without R & D investments. This result is derived assuming perfect ex-ante symmetry
of the platform, and focusing on an ex-post symmetric equilibrium. We then present
three extensions with asymmetric network externalities, platform exogenous
specialization in side innovations, and innovation tournament model.

Chapter 3, A note on Armstrong (2006) monopoly platform model, shows that the set
of assumption in Armstrong (2006) monopoly platform model is not sufficient to
guarantee the existence of an interior equilibrium with positive demands. We then
show that the problem can be fixed by assuming that platform connections generate

direct intrinsic value to the connected agents.
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INTRODUCTION

Two-sided markets, also called two-sided networks, differ from traditional inter-
mediation in a fundamental way. For a traditional intermediary, one side of the
market just generate costs, while revenues just arise from the other side. In two-
sided networks, both costs and revenues typically arise from both sides of the
market. The platform service incurs costs in serving both market sides and can
collect revenue from each of them, although one side may actually be net subsi-
dized by the other through the platform pricing choice. Furthermore, two sided
markets typically show network effects between the groups of agents connected
by the platform from opposite sides of the market.

In the first chapter, we present models of two-sided market platforms” innova-

tion. We consider both models of monopoly and duopoly: a model of monopoly
platform and a non-tournament model of competitive platforms with or without
technology spillover effect where agents join a single platform. In the context of
this chapter, innovation is defined as the increasing quality of service from plat-
forms, i.e., the original quality of the platform is constrained to zero. We evaluate
platforms’” optimal pricing strategy while considering platform-side innovation
competition.
In the model of monopoly platform, we use a linear Hotelling specification of
Armstrong (2006) model. We modify Armstrong (2006) utility formulation by as-
suming that, in addition to the "network” gain arising from being connected to
the other side of the market, platform connections also generate direct intrinsic
value to the agents. A provider of a platform invests in innovation which in-
creases quality of the connections. In an interior equilibrium, monopoly platform
and agents are all better off with innovation. By comparing profit-maximizing
outcomes and welfare-maximizing outcomes with innovation, we find that,from
a social point of view, underinvestment problem exists.

In a symmetric non-tournament innovation model of competing platforms, for
simplicity, we assume that R & D succeeds with exogenous probability 1. Invest-
ing on R & D is at a cost of K, which depends on the quality level. Platforms
tirst simultaneously determine their R & D investment, and then they simultane-
ously set their prices on both sides of the market. They reach prisoners” dilemma
equilibrium. The price and the profit don’t depend on the absolutely quality
level but the qualities” gap between the quality levels. The same research from
both platforms will be totally unprofitable. The two platforms would like not do

any innovation, but both platforms have precisely the same unilateral incentive



to increase quality because of platforms’ competition. Technology spillover ef-
fect makes the innovation race less severe. The reason is the platforms perceive
part of what they do is beneficial to their opponent and narrows the quality gap,
which implies that platforms have lower incentives to undertake innovation.

We present three cases as extensions, which are asymmetric side-network ef-
fects in a non-tournament duopoly, exogenous specialization in innovation sides
in a non-tournament duopoly and a tournament model. They are mainly as pre-
liminary steps for future work.

In the second chapter, we show that the set of assumption in Armstrong (2006)
monopoly platform model is not sufficient to guarantee the existence of an inte-
rior equilibrium with positive demands. We illustrate this problem within a lin-
ear Hotelling demand system fully consistent with Armstrong (2006) general as-
sumptions. We show that the only possible equilibria are corner equilibria either
with zero connections or with full coverage of both market sides, whereby Arm-
strong (2006) monopoly pricing rule does not apply. Armstrong (2006)’s price
rule states that the optimal prices are related to the size of the other side group
and the elasticity of this side’s group’s participation.

In order to get that Armstrong (2006) fundamental price rule applying in a mo-
nopoly platform’s interior equilibrium, some other assumption must be made.
We then show the problem can be fixed by adding an intrinsic utility value com-
ponent to platform connections in Armstrong (2006) linear utility formulation.

In the third chapter, we consider a traditional intermediation relationship in
the context of asymmetric information on the quality of a new experience good
between producers and consumers. The intermediary which is capable of ver-
ifying and certifying the quality of a new experience product of monopolistic
producer. The intermediary can then directly buy the products and sell it to con-
sumers with quality certification. As an alternative, the monopolistic producer
can signal quality through advertising. We modify Milgrom and Roberts (1986)’s
signalling model to rule out the possibility that price alone can signal quality. We
explore which way, intermediation or advertisement, a producer would prefer to
use to reveal own product’s quality to consumers.

In equilibrium, a low-quality producer would never be interested in selling
products to an intermediary because there is no bargaining surplus for them to
share. A high-quality producer is more willing to sell products to an intermedi-
ary, especially when the high-quality goods are expensive. Because an expensive
high-quality product requires high advertising expense to signal quality, which
enough high advertising expense aims to stop the low-quality producer to mimic,

while intermediation requires relative less cost to signal quality.



1. PLATFORM INNOVATION IN A TWO-SIDED MARKET

Abstract. This chapter studies dynamic innovation incentives in two-sided mar-
kets. Platform growth is fundamentally driven by innovation, and platforms’
innovation intensity determines the rate of market turnover. We present several
models of innovation in such markets: a monopoly platform with innovation;
non-tournament innovation models of competing platforms; a tournament inno-
vation model of competing platforms. Each agent connected to the platform is
assumed to join a single platform. In equilibrium, agents connected to each plat-
form are always better off with a platform’s innovation, but a platform itself is
not always better off. Even so, each platform always have unilateral incentives to
undertake R & D.



1.1. Introduction.

A two-sided market is a market within which two or more groups of agents in-
teract with each other through the platform(s) and all parties benefit from the
interaction. There are many two-sided market examples in today’s society, such
as Amazon, London Stock Exchange etc. The literature about two-sided mar-
kets can be considered as relatively recent, as contributions in this field only date
back to early 2000s. Most of the recent analyses rely upon the seminal contribu-
tions of Caillaud and Jullien (2003), Rochet and Tirole (2003, 2006), Armstrong
(2006), Hagiu (2006) and Weyl (2010). These works focus on how the platform
market (i.e., monopoly v. duopoly platforms, single homed agents v. competi-
tive bottlenecks, etc.) drives the platforms’” price choices. Some prior research on
innovation motivated this study was done by Delbono and Denicolo (1991) and
Schmutzler (2010). This chapter combines the idea that two-sided market with
innovation competition. As far as we know, our study is the first one to consider
how innovation influences two-sided platform performance and whether a more
competitive two-sided platform structure leads to a faster pace of innovation in a
monopoly model and duopoly platform model.

In the context of this chapter, innovation improves the quality of the service
offered by a platform to its connected agents. We evaluate and compare several
models of innovation in two-sided markets: quality innovation by a monopoly
platform; non-tournament quality innovation by duopolistic platforms; tourna-
ment quality innovation by duopolistic platforms. We assume each agent con-
nected to the platform choose to join a single platform. We examine platforms’
optimal pricing strategy while considering platform-side innovation competition.
This chapter also investigates whether technology spillover can influence a plat-
form’s choices and performance.

In the model of monopoly platform, we use a linear Hotelling specification of
Armstrong (2006)’s model. We modify Armstrong (2006)’s utility formulation by
assuming that, in addition to the "network” gain arising from being connected
to the other side of the market, platform connections also generate direct intrin-
sic value to the agents. A provider of a platform invests in innovation which
increases the intrinsic value (quality of the connections). Innovation comes from
a deterministic R & D technology whereby the quality of the connections is an
increasing function of the platform’s R & D investment. In an interior equilib-
rium, the monopoly platform is better off with innovation. Innovation leads to

more agents connected to the platform and symmetrically increases the quality



of the connections of all agents on both sides of market. By comparing profit-
maximizing outcomes and welfare-maximizing outcomes with innovation, from
a social point of view, underinvestment problem exists.

In the model of non-tournament innovation duopoly, the R & D technology
is actually the same as the monopoly platform model. Individual platform’s in-
novation affects each platform’s customers in the same way. In this symmetric
model, innovation is modelled as a deterministic investment. We assume inno-
vation of each single platform is performed to symmetrically increase the quality
of the connections for all agents connected to the investing platform on both sides.
Platforms first simultaneously determine their R & D investment, and then they
simultaneously set their prices on both sides of the market.

We distinguish a non-tournament model between with no technology spillover
effect and with technology spillover effect. We examine that how do innovation
incentives change when the situations are different. In a symmetric equilibrium,
only the quality gaps of two platforms impact platforms’ optimal prices and prof-
its. The demands are split equally between two platforms. The platforms will
end up in the prisoners” dilemma equilibrium where they conduct positive R &
D, even if their profit will be higher without R & D investment. With technology
spillover effect, platforms have the less incentive to do R & D because what a plat-
form do is beneficial to his opponent and narrows the quality gap, but technology
spillover decreases the whole society’s research cost.

In the last part, we present three asymmetric cases as extensions, which are
asymmetric side-network effects in a non tournament duopoly without technol-
ogy spillover effect, exogenous specialization in innovation sides in a non tour-
nament duopoly without technology spillover effect and a tournament model
without technology spillover effect. They are mainly as preliminary steps for fu-
ture work. In the first extension, we relax the assumption to allow for different
innovation and different network externalities on both sides of platforms. In the
second extension, we assume platforms are specialized in different sides of mar-
ket, in which one platform’s innovation increases the quality of the connections
on one side of the investing platform and the other platform’s innovation in-
creases the quality of the connections on the other side of the investing platform.
In the last extension, endogenous probability of success is assumed to decide the
investment cost. We assume the quality level can only be either high 7 if an R
& D project succeeds or zero if an R & D project fails. Only the first successful
innovator has a chance of obtaining the innovation that denies its rival the use of
the new technology.

The remainder of the chapter is organized as follows. Section 2 reviews litera-

tures. Section 3 presents monopoly platform. Section 4 presents a non-tournament
8



model with duopoly platforms of two-sided single-homing. Extensions are in

Section 5. Section 6 concludes.

1.2. Literature.

The paper most relevant to this chapter is Armstrong (2006) which presents three
models of two-sided markets; monopoly platform, competing platforms where
agents join a single platform, competing platforms where one group of agents
can join all platforms (competitive bottlenecks). The main focus of Armstrong
(2006) is on the equilibrium pricing rules. In the symmetric equilibria of the two
oligopoly models, the optimal price set by a platform on one side of the market
depends on the cost of providing the service, the inter-side externalities effect and
the elasticity of demand on that side. As a result, one side of the market can even
be subsidized by the other side (i.e. negative equilibrium prices are possible) in
the presence of strong inter-side externalities.

I use Armstrong’s models as building blocks. We introduce dynamic invest-
ment incentives into Armstrong (2006)’s monopoly model and two-sided single-
homing model. In our framework, platform growth is driven by innovation, and
the platforms’ innovation intensity determines social welfare.

Rochet and Tirole (2003) offer an alternative model of two-sided market. Ro-
chet and Tirole (2003) distinguish between membership externalities occurring
when additional agent participation on one side benefits the other side’s agents
and usage externalities when the benefit is originated by an additional transac-
tion. They assume each agent of one side interacts with an exogenously given
proportion of agents on the other side, and indicate that the volume of transac-
tions and the profit of a platform depend not only on the total price charged to
the parties to the transaction, but also on its decomposition. They present new
results on two-sided markets and unveil the determinants of price allocation and
end-user surplus for different governance structures.

There are many modelling differences between Armstrong (2006) and Rochet
and Tirole (2003). Network externalities in Rochet and Tirole (2003) depend not
only on the platforms, but also on which side of the platform the agent is on,
and agents pay a per-transaction fee for each agent on the platform on the other
side. In Armstrong (2006)’s analysis, network externalities vary with different
sides” agent only, and agents pay a lump-sum fee to platforms for all agents on
the platform from the other side. Another modelling difference is these two pa-
pers treat platforms’ cost differently. The models in Rochet and Tirole (2003) and

Armstrong (2006) are well suited to different markets.
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Our choice of building upon Armstrong’s model is essentially due to tactility as
extending Rochet and Tirole (2003) modelled to dynamic innovation turned out
to be intractable. Another related article is Caillaud and Jullien (2003), which
studies competition among intermediaries. They propose a model of indirect
network externalities across two categories of users of intermediation and price
discrimination, which gives rise to a “chicken and egg” problem. They assume
that each buyer has specific needs. Each of them meets an agent just once on the
other side of the market. The pair is being randomly matched. Matched agents
share linear trade surplus in this model. In our model, by contrast, the utility of
an agent on one side depends on platform’s prices and on the size of the group
of agents on the other side of platform. Like Armstrong (2006), their focus is also
on intermediary platform optimal pricing, while we focus on dynamic incentives
to innovate the quality of the services offered by monopolistic or competing plat-
forms.

Very few studies have considered innovation competition in a two-sided mar-
ket (e.g.,Casadesus-Masanell and Llanes (2015); Bourreau and Verdier (2014) ).
There are very few studies that assess how innovation influences two-sided mar-
ket performance. Casadesus-Masanell and Llanes (2015) investigate incentives to
invest in platform quality in open-source and close-access two-sided platforms.
Open-source means that the source code for that software is openly available,
thus allowing for modification, and that the software may be redistributed freely.
Close-access source is not distributed in the public domain. Bourreau and Verdier
(2014) study how factors impact on R & D investments in a two-sided market,
such as the degree of spillover, the degree of network externalities. Hui, Subra-
manian, Guo, and Berry (2012) work on the diffusion problem of innovation in
two-sided markets where both sides choose between an incumbent technology
and an innovation. Lin, Li, and Whinston (2011) examine a platform owners’
optimal pricing strategy considering seller-side innovation. We differ from these
papers. Our study focuses on the interaction between platform innovation which

increasing the quality of connections and platform competition.

1.3. Monopoly Platform.

We start with modelling a monopoly platform. Three kinds of agents partici-
pate into this two-sided market: a single provider of a platform offering unit-
connections to two groups of agents, agents of group 1 on one side of the plat-

form, and agents of group 2 on the other side. Hereinafter | = [1, 2] will denote
10



a generic group of agents. Each agent in group [, is potentially interested in es-
tablishing a single connection to the group of agents connected on the other side
through the platform.
Let n; be the numbers of agents of group ! connected to the platform, and p; be
the price the platform charges any single connection on that side of the market.
Connecting to the platform any agent of group [ carries a connection cost f; > 0
to the monopolistic provider of the platform. Agents of group [ connected to
the platform are homogeneous in their willingness to pay for platform’s service.
Then, the net utility any agent of group 1 would derive from connecting to the
platform is specified as:

up =V +aing —pr (1)

In equation (1), V' > 0 is an intrinsic value that an agent of group [ receives

from participating in a platform. «a; > 0 measures the intensity of the benefit
each agent of group 1 would derive from accessing the other side of the market
through the platform (network externalities). The gross utility the agent would
gain, ayny, linearly increases with the number of agents connected on the other
side of the market, n,. Subtracting the connection price, p;, from the gross utility
we finally obtain the agent’s net utility. Similarly, for any agent of group 2 we
have:

uz =V + agny — po 2)
Each demand side of the platform market is modelled as a standard linear Hotelling
model. Group [ consists of a unit mass of agents distributed along a unit interval
[0, 1]. Each agent faces the same unit-transportation cost ¢ > 0 to reach the plat-
form, which is located at point zero for each group. An agent of group /, located
at distance x from the platform, will face a total transportation cost zt to reach
and connect to the platform. This total transportation cost must be subtracted
from the net utility v; (as defined in equations (1) and (2), here with [ = 1,2) to

obtain the agent’s net surplus from reaching and connecting to the platform:
U, | = Uy — t:L'l

Finally, the platform collects profit p; — f; per unit of transaction on side /, where

f1 is the fixed cost of each connection. Therefore, the platform’s total profit is

m=mn1(p1 — f1) +na(p2 — f2) (3)

11



1.3.1. Equilibrium Analysis without Innovation.

Given prices p;, 1=1,2, the marginal agent of group [, indifferent between connect-

ing or not connecting to the platform, is identified by a location Z; such that:
U 1= U — t:f’l =0

The mass of agent of group [ who derive positive surplus and hence connect to

the platform, n,, is equal to z;:

nl:fl:%,lzlj (4)
We next derive the linear demand system implicitly defined by (4). Substituting
(4) to (1) and (2), we get:

nlt = V+ 1Ny — D1

nzt =V+ QMg — P2

Solving the system in n; and n,, we obtain the demand systems:

V(t + Oél) _ tpl + Qa1P2
2 —ojae 2 — oo

ny = )

V(t+ (o) th + oiap1

np= LUt 00) 1D ©)
t4 — (5182 t? — (6518 %)

From now on, in the following monopoly platform with or without innovation,

we focus on a symmetric case where a; = s = aand f; = fo = f ( We con-
sider an asymmetric case later in the extension section), the symmetric demand

systems are :
_Vlt+a) tpit+oap

n = 2 o2 2 o2 (7)
V(t+a) tps+ap
n2 = 2 _ 02 12 a2 (8)

And we mainly focus on an equilibrium where both market sides are just partially
covered. The following condition (9) from second order condition guarantees the

1

existence of an interior equilibrium of the monopoly problem . Later on, we

would simply consider corner solution where both market sides are fully covered.

{f<V<2(t—a)+f

t>«

©)

'We discuss the condition in more detail in Chapter 2.
12



Using (7) and (8), we derive the platform’s profit function:
V(t+a) tpi+aps

V(it+a) tpp+ap:

ﬂ-:(t2—0é2 2 _ 2 >(p1_f)+(t2—a2 2 _ 2 )(p2_f) (10)
Maximizing (10) with respect to prices, we find:
p1:p2:Tf (=p") (11)
and ()
Uy = Uy = m (12)
The maximum profit of a platform is :
T = 20— a) (14)

1.3.2. First Best Solution without Innovation.

We solve for the highest level of social welfare that can be obtained if a platform
does not engage in innovation. Social welfare is maximized by choosing agents’
net utilities, which can equivalently be re- formulated as if the social planner
would choose platform’s prices. Social Welfare is expressed as platform’s profit
and agents’ surplus as follows:

w = m(uy, us) + vy (uy) + vo(us) (15)

In words, social welfare is the sum of the monopoly platform’s profit, the ag-
gregate surplus of group 1 and the aggregate surplus of group 2. Next, v;(u;) is
given by:

u(u) = /Orz (u; — tx)dx

= (u — t)[¢'
ota?
= Uy — 71 (16)

Substituting now (4) into (16), we find,

u2

vl(ul) = 2—; (17)
13



Using (17), we derive social welfare function:

w = w(uy, uz) + v1(uy) + vo(usg)

2 2

tn tn
= (pr— f) +n2lpa— f) + — +5° (18)
2 2
2 2
Uy, U U, Uy uy | Up
=—(a—=+V —u — —“(a— +V —uy — — 4+ =
; (a p + u — f) + ; (a ; + us — f)+ 2t-+ 5

We mainly focus on the interior solution where both market sides are just par-
tially covered. Later on, we would simply consider corner solution where both
market sides are fully covered. The necessary and sufficient condition for the

existence of an interior solution of welfare-maximizing problem is:

<V<t-—2
{ f a+ f (19)
t>a«
Maximizing (18) with respect to utilities, we find:
* Sw v - Sw
wrr — g = 2D oy (20)

t— 2«
Substituting (20) into (1) and (2), we have the notional values of platform’s prices
which maximize welfare:
ft—a)—Va

The maximum social welfare is:
2V — fPa  t(f-V)?  t(f-V)?
(t —2a)? 2(t —2a)?  2(t —2w)?

(V=1
t— 2«

SWw*

(22)

By comparing profit-maximizing outcomes and welfare-maximizing outcomes
without innovation, we find that while the platform’s profit is obviously positive
in the profit-maximizing solution ( See (14)), notional profit is negative in the

welfare-maximizing solution:

sws 2(V — )«
Tt = —ﬁ (23)
From a social perspective, lower prices than the profit-maximizing ones induce
more agents of group 1 and group 2 to join the platform (p** < p*, see (21) and
(11)), leading to a welfare enhancing exploitation of the network externality and
higher total surplus, even at the cost of negative (notional) operating profit for
the platform (i.e. prices p*** lower than the unit connection cost f).

This result is formally collected in Lemma (1) :

14



Lemma 1. An interior maximum of social welfare is found in which the notional profit

of the platform is negative.

The above analysis just focuses on the interior solutions of the profit-maximizing
and the welfare-maximizing problems whereby both market sides are just par-
tially covered. As a function of parameters, when inequalities (9) and (19) are

reversed, corner solutions are possible. The results are summarized as follows:

(1) When V' > 2(t — «) + f, there are corner solutions. The market is fully
covered for both solutions. Monopoly solution and first best (FB) solution
have same social welfare.

(2) When {—a+f <V < 2(t—a)+f,itis a fully covered market for Monopoly
solution only. Social planner chooses price below marginal cost due to the
externalities.

(3) When f <V < % —a+ f,itis a uncovered market for both solution. Profit-
maximizing prices are higher than the welfare-maximizing prices on the

interior solutions.

Figure 1 summarizes and illustrates the monopoly solution and first best solu-

tion:

Monopoly

f ‘ 2(t-a)+f \

t-2a+f

FB

FIGURE 1. Monopoly Platform (exogenous quality)

V must be sufficiently high for an equilibrium with positive demand and out-
put to exist, but not too high to avoid a corner equilibrium where the market is
fully covered. If an intrinsic value is too low, the only possible equilibrium is at
the corner where demand and output are zero. If an intrinsic value is too high,
every consumer of group [ has higher utility from participating in a platform than
not participating. Moreover, we compare monopoly solution and first best (FB)
solution. The fact that there is a gap of two conditions expressed by V' suggests

that there is underinvestment problem in monopoly solution.

1.3.3. Monopoly Platform with Innovation.
15



Consider now a platform that maximizes its profit by both introducing quality-
increasing innovation and optimally setting prices. We assume that innovation
symmetrically increases the intrinsic quality (i.e. utility) of platform connections
from V to V + g, where ¢ > 0. To reach quality ¢, the platform has to afford the

1
R & D cost K = 3 Bq* B > 0. First, the platform decides its R & D investment
K (q) which yields the associated quality increase, ¢ with probability 1 (assuming
that the R & D project is successful just with probability p < 1 won’t change the

conclusion). Then, it optimally set prices. >

1.3.4. Equilibrium Analysis with Innovation.

The platform’s net profit is monopoly profit minus the cost of R&D:
m=mni(pr — f) +na(p2 — f) = K (24)
The utilities of agent in group [ are:
ui(q) =V +q+any —p (25)

us(q) =V +q+an; —py (26)

Since V' + g replaces V' in the net utilities, the demand systems become:

(V4+q)(t+a) tp+aps

ny (Q) = t2 . Of2 t2 . OZZ (27)
V+qgt+a) tps+ap
na(q) = 2 _ o2 T TR a2 (28)

Substituting the demand systems (27) and (28) into (24), we derive the plat-

form’s profit function:

V+qt+a)  —tpr—aps

W(Q) = ( 12 _ 2 2 o2 )(pl — f)
(V+q(t+a) —tpo—ap
* 2 —a? 2 o2 )(p2 — f) (29)
L
- 5561

When there is innovation, the profit-maximizing solutions depends on not only
the optimal prices, but also optimal quality. In order to address prices, utilities,
quantities and profit depending on endogenous quality of the platform connec-
tions, we will re-write all these variables as functions of ¢. Both groups are sym-
metric,so the solutions are symmetric. Imposing first order condition on p;, p,

the profit-maximizing prices are exactly the same formulas as in the case without

Here, we introduce the timing of the decision which is irrelevant in the case of duopoly plat-
forms. Obviously, sequential or simultaneous of innovation and price decision in a monopoly
platform are equivalent.

16



innovation (see (11)) but V' + g replacing V:

P =rse) = =g 30)
The associated utilities are:
wila) = uslo) = AP @D
The associated quantities are:
R e ) )
The maximum profit of a platform is:
e - =) @)

We mainly focus on the interior solution where both market sides are just par-
tially covered where 0 < n ,(¢) < 1. The necessary and sufficient condition for

int

the existence of an interior solution of profit-maximizing problem is

{f<V<2(t—a)+f—%

t>« 54

Substituting (30) into (29), by FO.C. on ¢, the profit-maximizing quality is:
V-1

*

= 36 —aB (= ) (35)
Substituting (35) into (30), we have,
Substituting (35) into (31), we have,
M=% T 918 aB) (37)
Substituting (35) into (32), we have,
The maximum profit of a platform is :
S T (39)

By comparing profit-maximizing outcomes without innovation and with inno-
vation, we find that the platform’s profit with innovation is greater ( See (14))
and (39)); agents of group 1 and group 2 ’s total surplus is greater. This result is
formally collected in Lemma (2):

17



Lemma 2. Suppose condition (34) holds, an interior equilibrium exists in which inno-

vation makes all agents of both sides better off.

1.3.5. First Best Solution with Innovation.

The social welfare with R & D is as (40):

1 tni tn
w(g) =ni(p1 — f1) + n2(p2 — f2) — §5q2 + 71 + 72
uy, | (40)
+7(a7+V+q—u2—f)—§ﬁq2
(u1)? | (ug)?
* 2t + 2t

We mainly focus on the interior solution. Later on, we would simply consider
corner solution where both market sides are fully covered. The necessary and

sufficient condition for the existence of an interior solution of welfare-maximizing

problem is:
<V<t—2 —2
{ f a+f—3 1)
t> o
Maximizing (40) with respect to utilities, we find:
Sw sw t(V +4q— f)
ui™(q) = u3""(q) = T oa (42)
Vt+q—f
Sw* — Sw* — 43
ni(q) = n3""(q) i — % (43)
The associated prices are:
Ssw Sw V+qa—ft+fa
pi(q) = Py (q) = AL) (44)

t — 2«
Substituting (42) into (40) and imposing first order condition on g, the welfare-

maximizing quality is:

swk __ Q(V_f>

- —24t8 —2af (4)
Substituting (45) into (42) and (44),
The optimal utilities satisfy:
sSwk __  Sw¥ __ tﬁ(‘/_f)
s tB —2ap (16)
The welfare-maximizing outcome has the optimal prices satisfying:
Swk __ __Sswk __ O‘ﬁ(v_f)
P =" =1 T2 t3 - 203 (47)

18



The maximum social welfare is:

sw o (f B V)2B
2418 —2ap

By comparing profit-maximizing outcomes and welfare-maximizing outcomes

w (48)

with innovation, we find that while the platform’s profit is obviously positive
in the profit-maximizing solution ( See (39)), notional profit is negative in the
welfare-maximizing solution:
TIWr — _2(V — f)2ﬁ<1 +Oéﬁ)
(2—1t6+2ap)?

From a social perspective, lower prices and higher quality than the profit-maximizing

(49)

ones induce more agents of group 1 and group 2 to join the platform (p** < p*,
see (47), (36), (45) and (35)), leading to a welfare enhancing exploitation of the
network externality and higher total surplus. This result is formally collected in

Lemma (3):

Lemma 3. Suppose (41) holds,

(1) an interior maximum of social welfare with innovation is found in which the
notional profit of the platform is negative.
(2) the welfare-maximizing quality is higher than the profit-maximizing quality.

By comparing welfare-maximizing and profit-maximizing outcomes with in-

novation, we have Proposition (1):

Proposition 1. Profit-maximizing solution shows underinvestment in R & D relative to
welfare-maximizing solution.

By comparing welfare-maximizing outcomes without innovation and with in-

novation, we have Proposition (2):

Proposition 2. Suppose (41) holds, under the welfare-maximizing solution,

(1) the monopoly platform’s notional profit with innovation is greater than that with-
out innovation.

(2) more agents are connected to the platform with innovation than that without in-
novation.

The above analysis just focuses on the interior solutions of the profit-maximizing
and the welfare-maximizing problems whereby both market sides are just par-
tially covered. We simply consider now the corner solutions.

In the profit-maximizing problem, there is one corner solution where both mar-
ket sides are fully covered. The corner solution’s optimal priceis V' + ¢ + o — t.
We summarize the profit functions as functions of ¢ in the interior solution and

corner solution as below:
19



(V + Qint — f>2
m(g)=q A 1
Q(V + qCOT + a — t - f) - §ﬁq§0r nfnt(q) > 1'0T’q(>:ko7’ = ]‘

0<n;,(q <1

int

(50)

When we have the optimal quality ¢;,, in the interior equilibrium( see (35) ),

the optimal quality is ¢, = 3 in the corner solution. The optimal profits are

re-writed as below:

(V=£)?8
27205208 0<np <1

= 2(V+a—t—f)+% ni > 1 1)

int

In the welfare-maximizing problem, when inequality (40) is reversed, there is
one corner solution where both market sides are fully covered, so that the social
welfare is w = 2V 4+ 2a —t — 2f + % Figure 2 summarizes and illustrates the

monopoly solutions and first best solutions.

Monopoly

Zé(t—(x)+f—2/ﬁ \

t -§2a+f-2/B

{ ‘

FB

FIGURE 2. Monopoly Platform (endogenous quality)

By comparing Figure 1 and Figure 2, we find that, the innovation factor plays
the exactly same role as an intrinsic value. In other words, an innovation factor is
an example of an intrinsic value. For we model the factor of innovation as a linear

function, the factor shifts the gap and the proportion of the gap is not changed.

(1) WhenV > 2(t —a) + f — %, the market is fully covered. Any (symmetric)
pair of prices chosen by platform will yield the same social welfare and
same quality.

(2) Whent —2a + f — % <V <2t—a)+ f— %, the market is fully covered
for FB solution only. The monopoly solution chooses lower quality than

FB solution. Underinvestment problem exists.
20



3 When f <V <t —-2a+ f— %, it is a uncovered market for both solu-
tions. Optimal quality chosen by social planner is higher. Underinvest-

ment problem exists.

1.4. a Non-tournament Duopoly Model with Single-homing Agents.

We now extend our model to duopoly competition between two platforms, but
assume for exogenous reasons that each agent chooses to join a single platform.
We assume there are three types of agents: two platforms, agents of groups 1
and agents of group 2. Hereinafter h = [i, j] will denote a generic platform, and
| = [1,2] will denote a generic group of agents. Two platforms are located at the
two endpoints of a unit interval [0, 1]. Each platform generates revenues from
fees p and p} collected from group 1 and group 2 on per-transaction basis, and
has to pay a per-transaction constant cost f in order to serve agents in group /.
There are n!" agents of group | who participate in platform h. Agents in group !
are assumed to be uniformly located along a unit interval [0, 1], and are homoge-
neous in their willingness to pay for service in the platform market. We assume
the market is fully covered. Agents in group [ will choose to conclude a deal with
platform h, that is, ni + nj = 1,n} + n} = 1. The utility of agents in group 1 is :
up = anb + ¢ — p} (52)
uj = ang +¢; = pj (53)
where ¢;, ¢; are the quality levels of service on platform i and j. The utility of
agents in group 2 is:
uy = anj + ¢; — ph (54)
w, = and +q; — 7} (55)
Consider platforms that maximizes their profits by both introducing quality-
increasing innovation and optimally setting prices. We assume that innovation
symmetrically increases the intrinsic quality ¢, of platform connections, where
gn > 0. To reach quality ¢, the platforms have to afford the R & D cost K =
5B 5> 0.
First, platforms decide their R & D investments K(g;,) which yield the asso-
ciated quality increase, ¢, with probability 1 (assuming that the R & D project

is successful just with probability p < 1 won’t change the conclusion). Then, it

optimally set prices.

1.4.1. Equilibrium Analysis without Technology Spillover Effect.
21



In this subsection, to maintain our focus on the consequences of increasing the
intrinsic quality to the two-sided model, innovation is characterized by no tech-
nology spillover effect: no exchange of ideas among platforms.
We specify each demand side of two platforms as in a standard linear Hotelling
model. Group [ consists of a unit mass of agents distributed along a unit interval
[0, 1]. Each agent faces the same unit-transportation cost ¢ > 0 to reach platforms.
A marginal agent of group 1, indifferent between connecting to platform i or to
platform j, is therefore identified by a location z;:

uh — 1T, =l —t(1 —T)

= _ 1 uj— o (56)

ST

Similarly, for a marginal agent of group 2 we have:

wy — tTy = ul — t(1 — Ty)
T (57)
T T

The mass of agent of group [ who derive positive surplus and hence connect to

the platform, n}, is equal to 7;. We finally state:

n = / ldz
’ . (58)
R O Bl
2 2t
‘ 1
n] = / ldx
S (59)
L ui—y
2 2t
Similarly, the demand functions of group 2 are defined as:
. 52
ny = / ldz
’ ‘ (60)
1w — ub
2 2t
4 1
nj = / ldx
T (61)
L uy—uy
2 2t

Substituting (52) and (53) into (58), we have:

) 1 i oJ C—q;) — |
n§:§+@(n2 n2)+(q2t 4;) — (ri —p1)

22
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Substituting (54) and (55) into (60), we have:

1 ami—n))+ (¢ —q) — (ph — 1))

i

neg = 5 + ot (63)
Solving the system in n! and n}, we finally obtain:
i1 1(ai—q)(t+ o) = Hpi —p}) — olps — p)
m=gty e 9
i1 (g —q)(t+0) — a(pi —pi) — tph — p)
TR B (65)
Using (64) and (65), we next derive platform i’s profit function:
i 1 1(gi— )t +a) — t(pi — p}) — aph — 1))
il 1@ )+ o) —alp —ph) — s — ) (66)
+(p2 f)[2+2 t2_a2 ]
L,
- 53%
Platform j’ s profit can be obtained by appropriately permuting superscripts:
- ey La—g)(t+ o) — e — pi) — alph — p))
W?VT:(p{_f)[E_ﬁ ’ 12 — 2 ]
il L@ g+ o) — th — pp) — aph — p)) 67)
Y- Nl - T |
1
- 5561]2-
The necessary and sufficient condition for the existence of a market-sharing
equilibrium is:
{ 6 S 2t—3?1+2f (68)
>«

Platforms will choose p?, p{, P, pg, ¢; and ¢;, to maximize profits (66) and (67),

we are looking for an market-sharing equilibrium. From F.O.C., we find:

pﬂ®=f+t—a+;%—%) (69)
W)= f+i-a-30-q) (70)
pﬁ®=f+t—a+g%—%) (71)
W) =7 +t—a—sa—q) 72)

qi* = q;j*x = % (73)
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Substituting (69), (70), (71), (72) and (73) into (64) and (65), we have
nit =t =it =l = (74)
Substituting (69), (70), (71), (72), (73) and (74) into (52), (53), (54) and (55), we

have
1 3o

uﬁ*Zu{*ZUQ*Zug*:B+7—f—t (75)
The maximum profit of platform 7 and j are:
Ty = T =1 —a — 23 (= 7N7) (76)

Proposition 3. [n a symmetric equilibrium of non-tournament model with no technol-

ogy spillover effect,
(1) only the quality gap impacts platforms’ optimal prices and profits.
(2) investing in R & D is always a dominant strategy for each platform.

The prisoners” dilemma helps explain why only the quality gap impacts plat-
forms” optimal prices and profits. In equilibrium, two platforms have same qual-
ity levels, prices and profits don’t depend on those quality levels. However, if one
innovates, and the other doesn’t, prices and profits do depend on the quality lev-
els, and then the platform with higher quality would gain greater profit. There-
fore, both the providers of platforms always have precisely the same unilateral
incentive to increase quality in a two sided market. In a symmetric equilibrium,
they will do exactly the same research, and then they end up in a situation in
which their quality level is same. Consequently, all the investment in R & D is a
pure waste from the platforms’ profit point of view. Hypothetically speaking, if
they reach a bound agreement in which they would better off by not doing any R
& D, and then they don’t coordinate with the equilibrium to get a better outcome.

This result is formally collected in Proposition (4):

Proposition 4. In the non-tournament model with no technology spillover effect, the
platforms will end up in the prisoners’ dilemma equilibrium where they conduct positive
R & D.,even if their profit will be higher without R & D investment.

By comparing profit-maximizing outcomes without innovation and with inno-

vation, we have the following Proposition (5):

Proposition 5. Suppose (68) holds, under the profit-maximizing solution,

(1) platforms’ profit with innovation is less than platforms’ profit without innovation.
(2) agents of group [ total surplus with innovation is greater than without innova-
tion.

(3) social welfare with innovation is greater than that without innovation.
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Proposition (5) is derived in three steps:

Step 1: platforms” maximum profit with innovation is less than platforms” maxi-

mum profit without innovation.

Assume 7* and 7/* are platforms’ optimal profits without innovation:

ﬁzgﬁ_ﬂﬁ+}4@}mﬁ—dﬁ—%ﬁ

Lt olpi ol - bl 77
+ (ph — f)[§ + 5 —a _tzl)__aQ(pZ — 2)]

1+1NM—MW+“%—%H

2 2 t? —a? | 78)
(- g+ LB 1 )

Platforms will choose p!, p?, p}, p to maximize profits (77) and (78). From FO.C.,
we get:
Pr=p=p = =f+t—a

i

ny :n{*:ng*:ng*zi
uﬁ*:u{*:ué*:ug*:?)?a—f—t

Substituting these optimal prices (1.4.1) into (77) and (78), the maximum profit
of platform ¢ and j without innovation is:

2

=gt =t—a (= =) (79)

Notice that 7"* > 7l (see (1.4.1) and (76), which implies that innovation

doesn’t increase platforms’ profit.

Step 2: agents in group [ achieve greater surplus with innovation than without

innovation.

Assume v, is the aggregate surplus of agents in group [ without innovation under

profit-maximizing prices:

. 1, t+1j t+1i t+1j t

v Vg = Uy — =+ =Uy — =+ —Uy — — + —Uu5) — —

L7 gM g g™ g g™ g o™ g (80)
:U1+U2——

2
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The aggregate agent surplus of agents with innovation under profit-maximizing

prices is:
1, t 1 t 1, t 1 t
onT +unTe = Sui(q) — 5+ sui(e) — 5+ sua(e) — 5+ sus(e) — g
2 8 2 8 2 8 2 8 (81)
t
=t Ut gt g

2
unT1+UNT2 > U1 +v2, Which implies that innovation increases agents aggregate
surplus.

Step 3: the innovation increases social welfare.

The profit-maximizing social welfare without innovation is:

t

pro:t—oz+u1+uQ—§ (82)

The profit-maximizing social welfare with innovation is:
1 t
wsw:t_a_%+ul+u2+Qi+Qj_§
t—a+u + by 3
=t—at+u+u— -+ —
1ot

(83)

Wey > Wpro

1.4.2. Equilibrium Analysis with Technology Spillover Effect.

In this subsection, innovation being characterized by a known spillover level 0 <
v < 1, to reach quality g, the platforms have to afford the R & D cost K; =
1 1
504" =745, K = 5545 =141, 5 > 0.

Platform i’s profit is as (84). Platform j’ s profit can be obtained by appropri-

ately permuting superscripts:

1 1(g—g)(t+a) =t —pl) — alph —pé)]
2 2 12 — a2

- — f)[% N % (2 — q;)(t+ ) —tfzipi; pi) = t(ph — p%)] (84)

1
— 504+
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Platform j’s profit is

rine = (7 — s - ez w)E ) - Hei —pi) — ol — ),

2 2 2 —a?
+ (p% _ f)[% . %(% B Qj)(t + a) _t2t<leag pjl) B O‘(pz2 — ]92)] (85)

1
— 554 + 74

Platforms will choose pt, p}, ph, p3, ¢ and ¢;, to maximize profits (84) and (85).
From F.O.C., we find:
By EO.C. on p!, p{, ph and p%, the profit-maximizing outcome has the optimal

prices satisfying:

pi'(q) =f+t—a+%(q@-—qj) (86)
W)= f+i-a-30-q) )
Pila) = f+t—at (@ g) 59)
W=7 +t-a—s(a-q) )

qi*x = gjx = % (90)

The maximum profit of platform i and j with innovation are:

2t —a)B+ (=1 +4v)

7T?NT = 7T§§v:r = 23
-1+ 4y oD
=t—-a+—— (Eﬂg}‘w)
28

By comparing profit-maximizing outcomes without innovation and with innova-

tion, we have Proposition (6):

Proposition 6. Under the profit-maximizing solution,

1) If i < v < 1, the profit of platforms in a non-tournament model with technol-
ogy spillover effect is greater than the profit in a non-tournament model without
innovation, which is 7, < mh*.

(2 If0<y < i, the profit of platforms in a non-tournament model with technology
spillover effect is less than the profit in a non-tournament model without innova-

' i hx hx
tion, which is Ty, > .

By comparing profit-maximizing outcomes without technology spillover effect
and with technology spillover effect, we have Proposition (7):

Proposition 7. Under the profit-maximizing solution,
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(1) platforms have the same optimal price and optimal quality under the condition
without technology spillover effect or with technology spillover effect.

(2) each platform’s profit with technology spillover effect is greater than that without
technology spillover effect.

From the platforms point of view, technology spillover effect has its advan-
tages and disadvantages. The advantage is that the innovation with technology
spillover effect is more effective way to increase quality than that with no tech-
nology spillover effect. Technology spillover effect plays as a positive externality
to partially compensate the negative externality in R & D competition, which re-
sults in platforms’ research cost decreasing. The investment in R & D competition

are not a pure waste, but a motive to create profit. Especially, when the spillover

level is high, i < v < 1, platform will have positive profit. Compared with the
case with no technology spillover effect, in equilibrium, they reach the same opti-
mal quality level, but with negative profit. The disadvantages are from two sides.
From one side, platforms with no technology spillover effect end up in a prison-
ers’ dilemma equilibrium, and only the quality gap impacts platforms” optimal
prices and profits. When there is technology spillover effect, the platforms also
end up in a prisoners” dilemma equilibrium, and only the quality gap impacts
platforms’ optimal prices and profits. Furthermore, the platforms perceived part
of what they do is beneficial to their opponent and narrows the quality gap. Plat-
forms then have the less incentive to do the R & D. From the other side, platform

still will end up with a negative profit when the spillover level is low, 0 < v < i

1.5. Extensions.

This section presents two non-tournament duopoly models and a tournament
duopoly model. in the extension 1, we relax the assumption to allow for differ-
ent qualities ¢/' and different network externalities o; on both sides of platforms.
In the second extension, we present an asymmetric case in which each platform
innovates in different side of the market. In the third extension, we present a tour-
nament model. They are performed mainly as preliminary steps for our future

work.

1.5.1. Extension 1:Asymmetric Side-network Effects in a Non-tournament Duopoly with-
out Technology Spillover Effect.

We assume that innovation asymmetrically increases the intrinsic quality of plat-
form connections to ¢/', where ¢' > 0. To reach quality ¢, the platform has to

1
afford the R & D cost K = 3 Bqi, B > 0. First, the platform decides its R & D
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investment K (g") which yields the associated quality increase, ¢/* with probabil-
ity 1 (assuming that the R & D project is successful just with probability p < 1
won’t change the conclusion). Then, it optimally set prices. We assume different
network externalities o for different groups” agents.
We assume that the utility of agents in group 11is:
up = oy + ¢ — pi (92)
w = o+ qf — p] (93)
The utility of agents in group 2 is:
uy = 0ani + ¢ — P (94)
uj = an] + @ — P} (95)
where pl' is the quality level of service on the side i of platform h. In this symmet-

ric case, platform h chooses to engage in R & D to increase different side’s service

level. Platforms’ profit functions are :
% 7 i % % 1 2 1 2
vy = (py — f)ng + (9 — f)ny — 55%1 - 55%2 (96)

. . . , o1 1
e = (p1 — f)ng + (py — fng — 55%2'1 - 55‘]32‘2 (97)
Each demand side of two platforms are in a standard linear Hotelling model.

Each agent faces the same unit-transportation cost ¢ > 0 to reach platforms. The

demand functions are defined as:

A (i —q1 — ) p;) (¢ — ¢ — 3 + ) 98)
2 2 14 — (05187}

A (92 — @ — P + o) 2(1 — g1 — 1 +p1) (99)
2 2 2 — aja

j_ 1 1Hal —qf —pi+ ) + onldh — @ — ph + ph) 100
e : (100)
2 2 1= — oo

3

n%:1_lt(%—qg—pé+P§)+az(Qi—q{—pi+P{) 101)
2 2 12 — 109
Substitute (98), (99),(100) and (101) into (96) and (97), Platforms choose pi, p}, p}, v},

¢, ql, ¢ and ¢} to maximize profits (96) and (97). From F.O.C., we get:

tar — o) (gh — @) + (gi — @) Bt* — 20102 — 03)
9t2 — 202 — by — 2003

Pr(g) =f+t—ax+ (102)

t(on — o) (gh — @) + (g} — ) (Bt* — 20103 — 03)
9t2 — 2a3 — bayag — 203

piq) =f+t—as— (103)
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tlon — an)(qg — q]) + (¢ — @) (32 — 2a105 — a3)

Pr(g) = fHt—a 9t2 — 202 — bayag — 203 (104)
+ tlar — as)(gi — af) + (g5 — 43) (31° — 200 — a3)
I*(q) = _
p(q)=f+t—o+ 07 — 207 — By — 20 (105)
pr=f+t—o (106)
Pl =f+t—a (107)
i =f+t—a (108)
Pr=ftt—o (109)
We have the optimal qualities:
1
M= — 11
q 23 (110)
The maximum profits of platforms are:
, , 1 1 1
TNy = Ty =t — 501 — S0 — (111)

2 2 43

When we relax the assumption to allow for different qualities and different
network externalities. The asymmetric case with different parameters has almost
the same conclusion with symmetric case above. We find that, in equilibrium, the
price and the profit don’t depend on the absolutely quality level but the qualities’
gap between the quality levels. Investing in R & D is always the dominant strat-
egy. Two platforms will end up with same quality levels and spit the demands.
Tractable results show the effect of parameters in the equilibrium solutions. We
find that optimal prices are highly correlated to network externalities, and there

is little correlation between qualities and network externalities.

1.5.2. Extension 2: Exogenous Specialization in Innovation Sides in a Non-tournament
Duopoly without Technology Spillover Effect.

So far, we study platforms innovate on both sides of market. However, a very in-
teresting extension would be platforms are specialized in different sides of mar-
ket. Ideally, specialization is endogenous. As a preliminary step of future more
general model, specialization here is exogenous.

We assume that platform ¢ and j can only innovate on different sides of the mar-
ket. The platform ¢ innovates one side of market that increase its service level
to ¢}, and the platform j innovates on the other side of market that increases its
service level to ¢§. They play in a non-tournament model with no technology
spillover effect. Agents share same network externalities o and transportation

cost t.
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We assume that the utility of agents in group 1 is:
Uy = any +qi = py (112)
W, = an) — p] (113)

The utility of agents in group 2 is:

uy = o — ph (114)
uwy = ani + ¢ — p} (115)
Platforms’ profit functions are :
. . . ‘ |
e = (PL = f)mi+ (9 — )y — 584, (116)
i (i Ty
7TNT (p1 fny + (py — f)ng — 55%2 (117)

Each demand side of two platforms are in a standard linear Hotelling model.
Each agent faces the same unit-transportation cost ¢ > 0 to reach platforms. The

demand functions are defined as:

;1 1tgl —ag —t(pl —pl) — a(ph — p))

m=5%5 2 o2 (118)
i1 lagl —tg) — alpi —pl) — tph — p))

=3 T 2 2 _ o2 (119)
1 ltgi —og — t(p —p1) — o(ps — 1)

i+ Ll 2 1 1 ) p) 12
MmT57y 2 _ o2 (120)
ni = L _ 1ag) —tq) — a(pi —p}) — t(ph — 1)) 121)

2 2 2 —a?
Substituting (118), (119), (120), (121) into (116) and (117). Platforms choose

Pl ph, pb, ¢i and ¢j to maximize profits. From FO.C., we get:

) 1

pi(g)=f+t—a+ 3 (122)
o 1

m@=f+t—a- 3452 (123)
. 1

py(g)=f+t—a— §Qi1 (124)
N 1

p (@) =f+t—a+ g0 (125)

3
The quantities demanded in equilibrium are:
1 1

m=57 2(—1 + 96 + 9a3) (126)
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o1 1
1=== 127
T T (T4 9t + 9aB) (127)
1 1
== — 128
"2 75 T (1 1 96 + 9aB) (128)
1 1
J=z 129
"= T S I 015 1 9aB) (129)
The profit-maximizing qualities are:
3(t+ )
k= gk = 1
W= T T 0tB + 908 (130)
The maximum profits of platforms are:
. , t 2-9t -9
ot g g UF )@= 95— 9af) (131)

2(—=1+9t5 + 9a3)?

In previous sections, prisoners” dilemma expains the best response functions
of platforms innovation, however, those findings are not unique to two-sided
markets. In this extension, we specialize platforms’ R & D effort on one side in
order to model the parameters specially related to the two-sidedness of the mar-
ket. A lot of technical work leads to some interesting results. We find that the
demands are not split equally in equilibrium. Asymmetric innovation as direct
effect influncing the distribution of agents in both sides is more stronger than the
network externality as indirect effect when network externalities interact with in-
novation. If we look at one of the two platforms, we will see that the side with
innovaiton attractt more consumers connections, and the other side without inno-
vation attracts less consumers. This result is quite different from the symmetric
cases’ results. In symmetric cases, with the effect of network externality, more
consumers in one side attract more consumers participating in the other side. In
equlibrium, the demands are split equally. More analysis will be left for future

work.

1.5.3. Extension 3: a Tournament Model without Technology Spillover Effect.

In R & D literature, studies base on non-tournament and tournament models. The
last extension would be platform innovation competition in a tournament model.
Hereinafter is as a preliminary step for future work.

We consider a tournament model in which duopoly competition is between
two platforms with single-homing agents. Platforms innovate to increase its ser-
vice quality at a cost of K, which K = %TPiQ, 7 > 0. With endogenous probability

variable P;, a project completes successfully, and it becomes possible to reach the
32



certain quality level ¢ = g. With probability 1 — P;, the project completes unsuc-
cessfully, and it remains its original quality level ¢ = 0. To maintain our focus on
the consequences of adding a quality level to the two-sided model, innovation is
characterized by no technology spillover effect: only the first successful innova-
tor obtains an patent that denies its rival the use of the new technology. First, the
platform decides its R & D investment K which yields the associated possibilities
of quality increase. Then, it optimally set prices.

Consider platform i’s profit in different states: if platform A and platform B
both complete successfully with probability P;, but only one platform wins to

gain an patent. In this case, its value is 7’; if platform A is the first innovator, it

completes successfully with probability P, platform B completes unsuccessfully
with probability 1 — P, its value is 7; if platform A completes unsuccessfully
with probability 1 — F;, platform B is the first innovator, it completes successfully
with probability P, its value is 7},; if platform A and platform B both complete
unsuccessfully with probability 1 — P,. In this case, its value is T Platform j’ s

profit can be obtained by appropriately permuting superscripts.

1 . 1

ﬂ-zs = §7T;f + §7T§‘s

_ 1 1 1q(t+a) —tpi — pl) — alph — ph)
—5[(p1—f)[§+§ 7 o2 ]
TP

Lo 1 1-g(t+a)—tpi —p1) — alph —pb)
+§[(p1—f)[§+§ 22 ]
(- f)[% n %—ﬁ(t +a) — aifi_—az ) — pa)]
- S7P]

Platforms choose pg,p{,pg, pé to maximize profits above. From F.O.C., we get:

pgsl = pés? = pgsl pss? f +i—«a

; ; 1 1g(t+a) -t —pl) — alph — pb)
Trsf:(pl_fﬂé—i_ﬁ 2 _ 2 ]
; 1 1g(t+a) — a(pi —p}) — t(ph — pb)
1
_57-pi2
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The first order condition for profit maximization on pi, !, pi and pj, is then:
p 1,P1: P2 2

Pipt = Pipa = [+t —a+ 7

W[ =

q

W —

Pyt =Dipp=f+t—a—

] 1 1—3 _ S AN i .
= () —f)[§+§ q(t+ o) t(gl_(fé) a(py pz)]
— 17’P~2
2 (]

Platforms choose p’j,p{,pg, p]2 to maximize profits above. From FEO.C., we get:
7 % 1—
psfl :psz = f—|—t—0é— gq

. . 1
Pip = Pipp =+t —a+ 27

3
, 1 1—t(pi —pl) — —
W;‘f_ (pzl_f)[§+ 5 t(pl Z;;)_ a/O;(pQ p]2)]
1 —alpt — ) — t(pt —
+(p§_f)[§+§ (i gi)_op% p2)]
_%7-]31.2

Platforms choose pﬁ,p{, P, p% to maximize profits above. From FO.C., we get:
Pif1 = Prpe = Pypy = Pppp = f +1— 0
Platform i’s profit is

mp = PPy + P(L = P + (1= PPy + (1= P)(1 = Py)myy, - (132)
Platform j’s profit is
T = PPl + Py(1 = P)miy + (1= PPy, + (1= P)(1 = P)my - (133)

The first order condition to equation (132) on P; and the first order condition to

equation (133) on P;, the probability in the symmetric equilibrium satisfies:

pr_pr_ L +63t—q)

— 134
! @ +9T(t—a) (134)

The maximum profit of platform A and B with innovation are:

w200 =273t — ) (2t — 20 — 7) + 108¢° (t — )7 + 1458(t — ov)*7?

ik ]

T = Ty 18(t — a)(7* + 9(t — a)7)?

(135)
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From the mechanism represented above, platforms both have the possibility
to undertake or not undertake the R & D, but investing in R & D is always the
dominant strategy in an asymmetric equilibrium. The incentive for investing in
R & D is determined by the different expected profit if one doesn’t do the R & D
given the other platform does, or if one do the R & D given the other platform
doesn’t.

In equilibrium, platforms invest the same amount of money in R & D. They
will have the same probability of success to reach a higher level of quality g and
same expected equilibrium profit, but only one platform succeeds and dominates
the market. Demand then won't be split equally in the end. Innovation increases

agents connected to platforms total surplus.

1.6. Conclusion.

This chapter has asked whether platforms have incentive to innovate in a two
sided market and how all agents share the benefit of innovation. We study indi-
vidual values and social choice by comparing different cases.

We found that, in the context of the models used, a platform always has incen-
tives to undertake R & D. In a symmetric equilibrium of monopoly platform,
agents of group 1 & 2 and a platform are all better off from innovation, but
from a social point of view, underinvestment problem exists. In a symmetric
non-tournament innovation model of competing platforms, the duopolists face a
prisoner’s dilemma equilibrium. One platform invest more, the other platform
will invest more. They end up with same quality level. Both the providers of
platforms would be better off without innovation but they always have precisely
the same unilateral incentive to increase quality in a two sided market because
of platforms’” innovation competition. Same as the case of monopoly platform,
agents of group 1 & 2 are better off from innovation.

There is a limitation to the present analysis of two-sided single-homing duopoly
model. The market is assumed fully covered. Therefore, innovation has no effect
on the total number of agents who connect to platforms. The competition be-

tween platforms only leads to the demand from one platform to the other. If
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instead, the market is not fully covered, it will be interesting to check how inno-
vation incentives change a platform’s performance.

The extension part is for future work. It would be interesting to check the
models above if there is any new source of market failure when markets are two

sides.
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2. A NOTE ON THE ARMSTRONG (2006) MONOPOLY PLATFORM MODEL

Abstract.We show that the set of assumption in Armstrong (2006) monopoly plat-
form model is not sufficient to guarantee the existence of an interior equilibrium
with positive demands. We illustrate this problem within a linear Hotelling de-
mand system fully consistent with Armstrong (2006) general assumptions. We
show that the only possible equilibria are corner equilibria either with zero con-
nections or with full coverage of both market sides, whereby Armstrong (2006)
monopoly pricing rule does not apply. We then show that the problem can be
fixed by adding an intrinsic value component of platform connections in Arm-

strong (2006) specification of agents’ preferences.
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2.1. Introduction.

Armstrong (2006) presented three models of two-sided markets: a model of mo-
nopoly platform, a model of competing platforms with single-homed agents only,
and a model of ‘competitive bottlenecks” with a group of multi-homed agents.
The paper greatly improves our understanding of how the external benefit to the
other side of group and the relative price elasticity of demand on the two sides of
platform determine the platform optimal pricing choices.

However, we find that the set of assumption in Armstrong’s monopoly plat-
form model is not sufficient to guarantee the existence of an interior equilibrium
with positive demands. To illustrate this point, we use a linear Hotelling specifi-
cation of the demand system fully consistent with Armstrong (2006) general as-
sumptions. We show that the only equilibrium with positive demands is a corner
equilibrium in which the market is fully covered. This is particularly important
since the main results of Armstrong’s paper, and prominently the optimal pricing
strategies of a monopoly platform on the two sides of its market, refers to interior
equilibria with positive demands.

We then show that the problem can be fixed by assuming that, alongside the
positive network effect of Armstrong (2006)’s utility formulation, platform con-
nections also generate direct intrinsic value to the agents. More precisely, an equi-
librium with positive demands become possible provided that connection’s in-
trinsic value is great enough. Armstrong (2006) states that the profit-maximizing
prices are equal to the connection cost adjusted downward by the external bene-
tit to the other group and upward by the relative price elasticity of demand. We
find that the intrinsic value doesn’t change the conclusion. Clearly, the optimal
price on any side of the platform is positively affected by the intrinsic value of
connection to the agent connected on that side.

The rest of the paper is organized as follows. In section 2, we present Arm-
strong (2006) monopoly model. In section 3, we illustrate the problem. In section
4, we show extension with intrinsic value of connections. Section 5 offers some

concluding remarks.

2.2. Armstrong (2006) monopoly platform model.

Three kinds of agents participate into this two-sided market: a single provider of
a platform offering unit-connections to two groups of agents, group 1 and group
2. Hereinafter | = [1, 2] will denote a generic group of agents. Connecting to the
platform any agent of group [ carries a connection cost f; > 0 to the monopolistic

provider of the platform.
38



Each agent in group ! (or equivalently, each agent on the [ side of the market), is
potentially interested in establishing a single connection to the group of agents
connected on the other side through the platform.

Following Armstrong’s notation, let n; be the numbers of agents of group [
connected to the platform, and p; be the price the platform charges any single
connection on that side of the market. Then, in the model, the net utility any

agent of group 1 would derive from connecting to the platform is specified as:
U = Nz — P1 (136)

In equation (136), o; > 0 measures the intensity of the benefit each agent of
group 1 would derive from accessing the other side of the market through the
platform. The gross utility the agent would gain, a7y, linearly increases with the
number of agents connected on the other side of the market, n,. Subtracting the
connection price, p;, from the gross utility we finally obtain the agent’s net utility.

Similarly, for any agent of group 2 we have:
Ug = QN1 — P2 (137)

To close the model, Armstrong (2006) assumes that the number of connected
agents on the [-side of the market, n;, is a generic monotonically increasing func-
tion of net utility w;:

Assumption 1. (Armstrong (2006) Demand System)
ny = ¢l(ul)7 ¢g(ul) > 07 l= 172 (Al)

Finally, the platform collects profit p;— f; per unit of transaction on side /. There-

fore, the platform’s total profit is:

m=mn1(p1 — f1) +na(p2 — f2) (138)

Armstrong (2006) finds that the profit maximizing price for one group is nega-
tively related to the external benefit to the other group and positively related to a
factor related to the elasticity of the group’s participation. The profit maximizing
prices satisfy:

b1 (u1)
atin) 19

2

P (uz2)

p1 = fi1 — agng +

P2 = fo —aqgng +

2.3. The problem.

In this section, we show that the set of assumption in Armstrong’s monopoly

platform model, as presented in the previous section, is not sufficient to guarantee
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the existence of an equilibrium with positive demands. To illustrate the problem,
we consider a linear specification of the demand system which is fully consistent
with (Al).

We specify each demand side of the platform market as in a standard linear
Hotelling model. Group ! consists of a unit mass of agents distributed along a
unit interval [0, 1]. Each agent faces the same unit-transportation cost ¢ > 0 to
reach the platform, which is located at point zero for each group.

An agent of group [, located at distance x from the platform, will face a total
transportation cost xt to reach and connect to the platform.

This total transportation cost must be subtracted from the net utility v, (as de-
fined in equation (136) and (137)) to obtain the agent’s net surplus from reaching

and connecting to the platform:
U 1= U — tl’l

The marginal agent of group [, indifferent between connecting or not connecting

to the platform, is therefore identified by a location z; such that:
U, = Uy — ti’l =0

The mass of agent of group [ who derive positive surplus and hence connect to

the platform, n;, is equal to ;. We finally state:
Assumption 2. (Linear Specification of Armstrong (2006) Demand System)
nl:il:%,lzlﬂ (A2)

(A2) is clearly fully consistent with (A1). It just specifies function ¢;(u;) as
a monotonically increasing linear function of v;. We now explicitly derive the
linear demand system implicitly defined by (A2), (136) and (137). Substituting
(136) and (137) in (A2), we get:

mt = aing — py (140)

not = aany — Po (141)

Solving the system in n; and n,, we finally obtain:

t
ny, = _w (142)
e — (658D
t
ny = — L2 P1g2 (143)
1% — o
Using (142) and (143), we next derive the platform’s profit functions:
™ =mny(p1 — f1) +na(p2 — fo)
_Ipr+pay tp2 + prava (144)
T TR oo (p1 — f1) 2 — ayon (P2 — f2)
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The platform will choose p;, p; to maximize profit (144). We are looking for an
interior equilibrium (i.e., no side of the platform market is fully covered) where

demands are not negative. From the FO.C., we find:

_ th(—al + 052) + f1(2t2 — O./% — CklOéQ)

14
b1 42 — ((1/1 + 062)2 ( 5)
tfilar — ag) + fo(2t* — a3 —
Dy = filan 23 fa( 2 10%2) (146)
4¢2 — (CYl + ag)
The Second Order Condition for an interior equilibrium requires’:
2t > aq + ag (147)

Substituting the optimal prices (145) and (146) into the profit function (144), we
get:

S t(f? + f3) + fufalan + ao)
442 — (O./l + Oé2)2
On the other hand, substituting (145) and (146) to (142) and (143), we have,

(148)

_ —Qtfl — f2<041 + Oég)
442 — (Ckl + Oé2)2

— —2tfy — fi(ar + o)
2T A2 — (g + )?

Second Order Condition (147) implies that 2t is greater than «; +a, for an interior

(149)

ni

(150)

equilibrium. Then the profit in (148) is positive, but the equilibrium quantities in
(149) and (150) are negative showing that an interior equilibrium does not exist.

Especially when the inequality (147) holds, the only possible equilibrium is a
corner equilibrium with no connections whatsoever to the platform and hence
zero profits (the proof is in the appendix (C)). When the condition (147) is re-
versed, two different corner solutions are possible depending on the parameter
values. We can still have the corner solution with zero connections and zero prof-
its, to the platform, or jump to a corner solution, whereby both market sides are
fully covered, so that the platform collects profit 7 = oy + ay — 2t — (f1 + f2)(again
the proof is in the appendix (C)). Clearly, in both corner equilibria above Arm-
strong (2006) optimal pricing does not apply.

2.4. Intrinsic value.

Then we show how to fix the problem of our specification (A2). We add an item
V> 0 into utility functions (136) and (137). V > 0 is an intrinsic value that

3The detailed calculations are in the appendix (A).
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an agent of group [ receives from participating in a platform. We could assume
different intrinsic values in different sides of a platform, but we simplify agents’
preferences by assuming a same intrinsic value, to avoid distracting us from the
analysis of the equilibrium demands, the main objective of this paper. Then, the

new utility functions of group [ ’s agent are:

uy =V +aing —py (151)
The utility of group 2 ’s agent is

Uy =V 4+ aong — po (152)

Substitute (140) to (151) and (152), we have,

B tV + a1V - tpl + a1P2

1
m t2 — (12 t2 — (V19 ( 53)
t t
Ny — V+aV o tps + agp (154)
t2 — (12 t2 — (19
Using (153) and (154), we next derive the platform’s profit function:
™ =n1(p1 — f1) + na2(p2 — fo)
tV + a1V . tpl + a1P2 tV + O./QV . tpg + o1 (155)

b2 —f2)

=

The platform will choose p;, p; to maximize profit (155). First order conditions

Y(pr = f1) + (

tQ — (19 t2 — (12 t2 — (19 t2 — (19

define the optimal prices for profit maximization.

. V(2 —tay +tag —oqas — a3) +tfa(ae — oq) + f1(282 — af — aqan) 156
P1= 4¢2 — (061 + 062)2 ( )

V(2t2 + tOzg — tO./l — X1y — Oj%) + tfl(—OZQ + O./l) + f2(2t2 — O[% — O./l()zg)

P2 = 4t2 — ((1/1 + 062)2
(157)
The second order condition is still required *:
2t > a1 + o (158)
Substitute (156) and (157) to (153) and (154), we have,
n* . 2tV — 2tf1 + VOfl — fQOél —|— VO(Q — fQOZQ
b 42 — (ay + ap)?
(0 1 a) (159)

_ V2t + o +ag)  —2tfi — faon — foe
442 — (Oél + Oég)2 442 — (041 + 052)2

4The detailed calculations are in the appendix (B).
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- 2tV — 2tf2 + VOél — f1a1 + VO(Q — f1a2

- 4t2 — (O[l + (1/2)2

_ V2t + o +ag)  —2tfo — fion — fioe
442 — (041 + a2)2 442 — (Oél + 042>2

*
Ty

(160)

Now we can have an interior equilibrium with strictly positive demands, specif-

ically, this is the case if and only if:

2tf1 + foar + foa - 482 + 2t fo + frag — aF + fias — 20100 — a3

= <V
fi > fa 2t+ar + ap 2%+ ay + o
(161)
OR
fi < fas 2fa + o + hoo <V< 4% 4+ 2tfi + foon — af + foar — 20103 — 0
(162)

The intuition of these conditions can easily be gained by considering the sym-
metric costs case, fo = fi1 = f. In this case, conditions (161) and (162) are reduced
to f <V < f+2t — a1 — . V must be sufficiently high for an equilibrium with
positive demand and output to exist, but not too high to avoid a corner equilib-
rium where the market is fully covered. If an intrinsic value is lower than the unit
cost of connections, the only possible equilibrium is at the corner where demand
and output are zero. If an intrinsic value is greater than a connection cost plus the
sum of the utilities of these two consumers, an interior equilibrium doesn’t exist,
the only possible equilibrium is corner equilibrium in which the market is fully
covered, and the platform collects profit 7 = 2V + a1 + s — 2t — 2f.

We transform (145) and (146) into following forms:

t(2tf1 + f2(0&1 + ag))
—4t2 + a2 + 20105 + a3

H2tfo + filon + a2)) (163)
—4t2 + o2 + 20109 + A3
We transform (156) and (157) into following forms:

pf = f1 — agng

Py = fo —aqng +

1= fi—aany+ t(2tf1 + fa(ar + o)) tv
Pr= e T 0 20100 + 03 | 2t — oy — o (164)
* t(2tfo + filar + an)) tV

= fo—aqn
Py = f2 1 —412 + 0f + 2000 +aF 2t —a; —as

Armstrong (2006) shows the optimal prices in a quite general function forms
as (139). When he worked with general function forms, he didn’t find the op-
timal demands are negative. By using a linear Hotelling model, we show the
optimal prices in a more specific way, that are (163) and (164). An intrinsic value
is needed to be great enough to secure positive demands in equilibrium, and
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the optimal prices are also impacted by an intrinsic value in positive way. Arm-
strong (2006) concludes that the profit-maximizing pries are equal to the connec-
tion cost adjusted downward by the external benefit to the other group, adjusted
upward by the relative price elasticity of demand. We find that the intrinsic value
doesn’t change Armstrong (2006) conclusion, furthermore, the optimal prices are

increased by a factor related to direct intrinsic value.

2.5. Conclusion.

In this paper, we explain that Armstrong (2006) assumption leads to negative op-
timal demanding quantities which not consistently satisfy a monopoly platform’s
demand relationship in an economic way. Over 2000 studies cited Armstrong
(2006), however, they didn’t find and discuss the problem in Armstrong (2006)
model. Economides and Tag (2012) use similar specification as ours. They focus
on studying net neutrality on the internet.

We illustrate and fix the problem by a standard linear Hotelling model which
is very specific and fully consistent with Armstrong (2006) general assumptions.
When we work with a specific formulation, the problem appears straightfor-
wardly. It would be interesting to check whether the problem can be shown and

solved in a general form.
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3. QUALITY UNCERTAINTY, UNINFORMATIVE ADVERTISING AND
INTERMEDIATION MARGINS

Abstract. This chapter works two contributions. First, we modify Milgrom and
Roberts (1986) model of price and advertising as signals of quality, which allows
us to focus just on equilibria with advertising signals. Second, we develop a
model of intermediation as quality certification and we compare intermediation
and advertisement as alternative ways to overcome informational asymmetries
on the quality of new experience goods with our simplified model. We show con-
ditions under which a high quality producer would prefer intermediation than

advertisement to convey quality information to the market.
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3.1. Introduction.

Crucial aspects of experience goods cannot be verified except through use of the
product. In such circumstances, a seller’s claims to be offering high quality is
unverifiable before purchase and consumers face the risk of buying ‘a lemon’.
Intermediation may provide a solution to this problem. Thanks to their expertise
and reputation in selling goods, intermediaries can credibly certify / guarantee
quality to consumers. Part of the economic literature on intermediation focuses
on this ”screening” role of quality (e.g., Lizzeri (1999); Dasgupta and Mondria
(2012)).

Alternatively, firms can signal quality through advertising or prices. The fact
that money is spent to advertise an experience good could be a signal to cus-
tomers that the good is of high quality, even if advertising does not by themselves
have much direct informational content. Since Milgrom and Roberts (1986), re-
search has focused on both strategic advertising and price decisions of firms as
ways to signal quality and impact on customers’ choices.

In this paper, we compare intermediation and advertising as alternative ways
of providing the information of product quality of new experience goods. Firstly,
we draw some ideas from Nelson and simplify Milgrom and Roberts’s model. We
present a two-period Bayesian model in which the producer of a new experience
good can resort to uninformative advisement to signal quality. More specifically,
the model modifies Milgrom and Roberts (1986)’s model in such a way that price
alone is not efficient as a signal of quality, but prices and advertising as signals
jointly can be more efficient. In this setting, we analyse the possibility of separat-
ing, pooling and hybrid equilibrium. Our focus is on the scope of intermediation
so that we always select the equilibrium in the advertising model which maxi-
mizes the producer profit.

We present a model of intermediation. A producer and an intermediary play
a bargaining game and reach a Nash co-operative agreement. In this setting,
intermediation equilibria can conditionally improve signalling equilibria. Low
cost per transaction of an intermediary plays key role in the bargaining game.
Meanwhile, reputation costs create the incentive to tell the truth for an interme-
diary. We demonstrate that when there is a large price gap between low and
high-quality good, a producer with high quality goods is more willing to sell
products to an intermediary. Larger price gap requires higher advertising cost to
signal quality while intermediation requires relative less cost.

In our setting, intermediation is not always a choice of separating a producer’s
type. A low-quality producer would never be interested in selling products to
an intermediary. An intermediary is not allowed to charge a higher price than
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a low-quality firm who has direct contact with consumers; therefore there is no
bargaining surplus for an intermediation to join the game. Conditions are de-
termined under which an intermediary is most likely to be active in a market to
reveal the true quality of a product. Our results focus on the initial equilibrium
choices of prices, advertising levels and intermediation agreements.

We contribute to both literature on signalling and intermediation. Our con-
tribution to literature on signalling is to develop a simpler and more tractable
model. In this way, we get straightforward benchmarks and less equilibria. This
model is used to compare advertising with intermediation. Our contribution to
literature on intermediation is to address the potential benefits of intermediation
where intermediation is with quality certification. We supplement why some pro-
ducers choose to introduce a new experience product by advertising, while some
other producers choose to separate their types through intermediaries.

The remainder of the paper is organized as follows. Section 2 reviews litera-
tures. Section 3 presents signalling model. Signalling equilibria are analysed in
Section 4. Section 5 is devoted to analyse market equilibrium with intermedia-
tion. Comparative Statics is in section 6. Section 7 discusses an intermediary’s
reputation. Section 8 analyses equilibria under a different assumption. Section 9

concludes.

3.2. Literature.

Nelson (1970, 1974) was the first to investigate the relationship between quality
and the use of non-informative advertising. He suggested that advertising may
signal quality, and recognized that price signalling may also occur. However,
Nelson didn’t propose a formal model. Milgrom and Roberts (1986) were the
first to formalize Nelson; Nelson’s fundamental insight. In their model, whether
advertising or price is used as signal of quality depends on how costly it is to
produce quality.

Milgrom and Roberts (1986) demonstrate that, under certain circumstances,
price alone is enough to signal quality. When a new high-quality product is very
expensive to produce and is aimed at a limited market. A high-quality producer
uses high price to signal quality, and a low-quality producer uses low price. A
low-quality producer doesn’t want to mimic a high quality producer because that
would cause a low-quality producer to lose future demand. When a new high-
quality product is cheap to produce and is aimed at a mass market, the introduc-
ing firm may set a low initial price and this by itself is a signal of high quality.

If a low quality producer mimics high quality producer, a low-quality producer
47



whose product is expensive to produce will face a loss. In either case, no adver-
tising is undertaken. In our framework, price alone is not efficient as a signalling
instrument to separate product quality. There are two types of consumers with
preferences constructed in such a way that quantity demanded changes little as
price changes. If without advertising as a signal of product quality, a low qual-
ity producer would always gain more from mimicking a high quality producer
unless a high-quality producer sets the intoduction price at a very low level.

Ellingsen (1997) shows a model in which price signals quality. Our model has a
similar setting like his, but has the second period. He find that separating equilib-
ria do exist, allowing some trade of high quality products even when the average
quality is low. In our model, separating equilibria do exist. We rule out price sig-
naling because price signaling alone is not efficient compared with advertising
signal.

Milgrom and Roberts (1986) state that there exists a separating equilibrium un-
der some parameter region of the model where advertising occurs. When the unit
cost of high-quality good is equal or not too much greater than that of low-quality
good, there is a unique separating equilibrium and no pooling equilibrium. In our
framework, both separating equilibria and pooling equilibria exist. We compare
those equilibria . We find that under some parameter region, separating equi-
librium Pareto dominates pooling equilibrium. Under some parameter region,
pooling equilibrium Pareto dominates separating equilibrium.

Among the relevant literature are articles in which economic intuition related
to advertising signalling is argued,such as Bagwell and Riordan (1991) and Mar-
vel and McCafferty (1984). They state that, without demand effects, price sig-
nalling is superior to advertising signalling. However a low-quality producer
always has an interest in mimicking a high-quality producer, adding advertising
to price signalling might increase profit of the signalling firm. These results corre-
spond to some of our findings in section 4. Moraga-Gonzalez (2000) and Bagwell
and Ramey (1988) argue that when advertising occurs in equilibrium, the adverse
selection problem is mitigated. Furthermore, the lower advertising costs are, the
more intense the alleviation of that problem is. Schmalensee (1978), Barigozzi,
Garella, and Peitz (2009), Cho/Kreps:1987 and Kaya:2009 deal with the presence
of advertising as a signalling mechanism in a new product launch. How pricing
mechanisms solve quality uncertainty problem is also featured in the models of
Bester (1998),Bagwell (1987) and Bagwell and Riordan (1991). Empirical study
has been provided by Horstmann and MacDonald (2003), Thomas, Shane, and
Weigelt (1998). These analyses apply more widely.

The other strand of the literature related to our paper is the one that studies the

role of intermediation in international trade. Intermediaries play a productive
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role in the economy. Evidence has been provided that trade through intermedi-
aries, like wholesalers and exporters, constitutes a significant proportion of inter-
national transactions. Intermediary firms handle about 22 percent of aggregate
Chinese export sales (Ahn, Khandelwal, and Wei, 2011), 10 percent of US and
Italian exports (Blum, Claro, and Horstmann, 2010), 20 percent of French exports
(Crozet, Lalanne, and Poncet, 2013). Economists have begun exploring the role
that intermediaries play in facilitating trade.

Trade intermediaries can mitigate credibility problem. Reputation acquisition
by intermediaries can provide quality assurance. In some papers, the role of rep-
utation acquisition is modeled in enabling an intermediary to act as a producer of
credible information. Papers that theoretically study intermediaries” reputation
include Dasgupta and Mondria (2012), Biglaiser (1993), Lizzeri (1999) and Chem-
manur and Fulghieri (1994). When the qulity is uncertain, by screening the qual-
ity of products and then revealing it to consumers, intermediaries help to alleviate
the producer asymmetric information problem. Producers exporting through in-
termediaries need not incur advertising cost to signal their products” quality, but
effectively end up paying a certification fee. Dasgupta and Mondria (2012)’s work
contributes to evaluate the effect of intermediaries on the producer’s decision to
export, as well as, the effect on quantity, price and average quality. Biglaiser
(1993) studies whether middlemen can improve welfare. The environment he
studies is different from mine. Advertising is ruled out to signal quality in his
model. He allows sellers to signal quality only by waiting to trade. Other possi-
ble ways to signal are not effective than signalling through delay. Lizzeri (1999)
studies how competition impacts intermediation’s full revelation. Chemmanur
and Fulghieri (1994) work on the role of financial intermediaries in the presence
of adverse selection.

With an intermediary handling distribution, the producers’ marketing expenses
may be lowered. If an intermediary is more efficient at distribution than pro-
ducers, this efficiency could justify the existence of the intermediary by itself.
Petropoulou (2007), E. and Watson (2004),Caillaud and Jullien (2003) and Blum,
Claro, and Horstmann (2010) argue that the equilibrium number of intermedi-
aries increases as the quality of producers” own networks declines, as the cost to
intermediaries of maintaining their networks falls, or as the bargaining power of
intermediaries in negotiation with producers rises. In our case, we simplify that
there are only two units of demand at most. An intermediary doesn’t help to

increase demand, but does help to decrease the marketing expense.

3.3. A Basic Model of Quality Uncertainty.
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There are two kinds of agents: a producer and two consumers. A monopolistic
producer introduces a new experience product. The product’s quality ¢ may be
high (H) or low (L). The producer observes the true quality of a product. The
producer is active for two periods and then exits the market. The cost of pro-
ducing one unit of the high-quality good is C' > 0, while the unit production
cost of the low-quality good is normalized to zero. It is further assumed that ()
H—-C>Land (b)L—C>0.°

We assume two types of consumers are representative of the market. For simplic-
ity, there is one consumer of each type and they are referred to as Consumer 1
and Consumer 2. ® The consumers’ type is common knowledge. Consumers are
assumed to be infinitely lived that is versus infinitely-lived intermediation. We
assume that the two customers have heterogeneous valuation r for a product:

For Consumer 1,

] H ifahigh-quality good (165)
] 0 ifa low-quality good
For Consumer 2,
y ?f a high-qua}ity good (166)
L if a low-quality good

In words, Consumer 1 only cares about product quality while Consumer 2 doesn’t
care about product quality at all. On the demand side of the market, every con-
sumer will, at most, purchase one unit of the product in every period. In any
period in which each consumer purchases the good, the utility is » — P,(q). If
a consumer makes no purchase, the utility is 0. Each consumer can learn true
quality from a single purchase. They don’t know the type of the producer but
have commonly known prior beliefs: the new good can be high quality H with
probability p or low quality L with probability 1 — p. Consumers stick to these
beliefs and the beliefs can only be revised only if the information set of consumers

changes. Consumers don’t share information with each other. 7

3.3.1. Strategic Variables.

A firm’s decision variables are the price, P,(¢), t = 1,2, and advertising level,
A(q). No discounting is considered. Advertising here has no direct impact on

demand.

®Assumption (a) means that producing the high-quality good is efficient. Assumption (b) rules
out uninteresting cases by making it possible that a high-quality producer would mimic a low-
quality producer.

®Although we could model a distribution of tastes among consumers, we chose not to as it would
complicate the analysis and distract us from analysing the role of advertising and intermediation.
To avoiding stating he or she each time for producers and consumers, 'he” is used for the pro-
ducer and "she’ for the consumer.
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3.3.2. Timing and Strategy.

In this chapter, our target is to study one producer’s stategy of which a producer
introduces his new product. This producer lives two periods. Even though com-
sumers and an intermediary are infinitely-lived and may also trade with other
producers in this two periods or in other periods. Except this producer and this
two periods, other producers and other periods are not in the field of study.

Formally, a producer play a two-period Bayesian signalling game. In the first
period, the strategy of a producer is to choose a level of advertising to signal his
product’s quality and to announce an introduction price. Consumers don’t know
the type of a producer but have commonly known prior beliefs. They observe
the prices charged by a producer and the advertising intensity, and then each
consumer is able to make their initial purchase decisions based on their revised
beliefs. After each consumer make their initial purchase decision, the consumer
who buy a product can learn quality and the other consumer who doesn’t buy a
product sticks to the belief formed in the first period.

In the second period, a producer set the prices explored in an additional infor-
mation of consumers ‘preferences derived from the first period. The strategies
of consumers are simply to buy, or not buy based on the new information about

quality.

3.4. Market Equilibrium with Signalling.

There exist three logical possibilities for equilibria without intermediation which
are separating equilibria, pooling equilibria and hybrid equilibria. In this section,
we explore all these possible equilibria and select best equilibria by means of a
Pareto dominance refinement criterion.

According to consumers’ valuation function (165) and (166), a high-quality pro-
ducer may set a high price at H if he prefers to sell only to the quality sensitive
consumer than selling to both consumers. A high-quality producer may set a low
price at L if he prefers to sell to both consumers than selling to the quality sen-
sitive consumer only. The price of a high quality product being H or L depends
on which price would bring more profit to a high-quality producer. Throughout
this section, we assume a high-quality producer prefers to sell only to the quality

sensitive consumer than selling to both consumers:
Assumption 3. 2(L - C) < H - C

3.4.1. Price Signals. We first check whether it is possible that price signalling
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alone separates product’s quality. Although we could also consider mixed strate-
gies since these have been extensively employed in the literature, we choose to
restrict strategies to pure strategies for consumers as it won’t compromise the
basic conclusion of the chapter.

We will supplement the proof of mixed strategies in a future version. Con-
sumer 1 mixes her strategies between buying and not buying whenever observ-
ing a price equal to H. Separating equilibria exist where type L sells to consumer
2 with probability 1 and type H sells to consumer 1 with probability less than one.

Lemma 4. If allowing beliefs to be non-monotonic, the separating equilibria are possible

and are the only possible equilibria where signalling happens through prices only.

Proof. For separation to be successful, a producer would be to choose different
prices for different product qualities. The producers” action space are two prices,
H and L. With an equilibrium refinement,the prices won’t be chosen outside the

set. There are pure strategies’ possibilities and mixed strategy:

P1: Consumers hold the following beliefs: if consumers observe P, = H, then
they believe that a firm provides a high-quality good, whereas if they observe
P, = L, then they believe that it is low quality. A producer has his strategy: he
chooses P, (H) = H if the product is high quality, and chooses P;(L) = L if the

product is low quality.

When a high-quality producer follow this strategy, the high-quality producer’s
first period net profit is H — C'. Consumer 1 buys the product and make 0 net
utility. In the second period, Consumer 1 is fully informed. The producer sets the
price at P»(H) = H. Consumer 1 buys the product again. The firm’s two-period
net profit is 2(H — C). If the high-quality producer deviates from the strategy,
Consumer 1 won'’t buy the good and Consumer 2 buys the good instead. Then,
two-period profit is 2(L — C'). It is obvious that 2(H — C') > 2(L — C), therefore,
the high-quality producer would stick to this strategy and choose P, (H) = H and
Py(H) = H in order to maximize his profit.

When a low-quality producer follows this strategy, the low-quality producer’s
tirst period profit is L. Consumer 2 buys the product and make 0 net utility. In
the second period, a low-quality producer charges P»(L) = L, and his two-period
profit is 2L. If the firm deviates from this strategy, he chooses P,(L) = H in the
tirst period, then Consumer 1 believes it is high quality and purchases the good in
the first period, yielding a low-quality producer a first year profit of . However,
in the second period, a low-quality producer charges P,(L) = L, Consumer 1

won’t buy the product again after the quality is fully revealed, Consumer 2 buys
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the product along with the price drops at L. The firm’s two-period profit is H + L.
Therefore, the low-quality producer will deviate from this strategy.

To summarize, any producer just captures one unit of demand in the first pe-
riod, high and low type producers both prefer to capture the high type customer
in the first period. They both prefer to price in high in the first period. In the
second period, product quality is no long asymmetric information, and prices
do not perform a signaling function. Therefore, price signals cannot separate a

producer’s type.

P2 : Assume consumers hold the following beliefs: if consumers observe P, =
L, then they believe that a firm provides a high-quality good, whereas if they
observe P, = H, then they believe that it is low quality. A producer has his
strategy: he chooses P, (H) = L if the product is high quality, and chooses P, (L) =
H if the product is low quality.

A high-quality producer would stick to this strategy in both periods. The firm’s

two-period profit is 2L — 2C' + H — C. He is worse off if he deviates from the
strategy. If a low-quality producer sticks to this strategy, no one would buy his
product. A low-quality producer would deviate from the strategy. He chooses
P(L) = L in the first period, then both consumers purchases his products in the
tirst period, yielding a first year profit of 2L. In the second period, he chooses
Pi(L) = L in the second period, Consumer 1 won’t buy the product again after
the quality is fully revealed, Consumer 2 buys the product. The firm’s two-period
profit is 3L. A low quality producer would gain more from mimicking a high
quality producer. Then, in the two periods, a producer sets the price at L what-
ever his product’s quality is low or high. Therefore price alone can’t separate a
producer’s type.
P3 : Assume consumers hold the following beliefs: if consumers observe P, =
L — A, then they believe that a firm provides a high-quality good, whereas if
they observe P, = L, then they believe that it is low quality. A producer has his
strategy: he chooses P (H) = L — A if the product is high quality, and chooses
P, (L) = L if the product is low quality.

Suppose separating equilibria do exist. A high-quality producer would stick to
this strategy. The firm’s two-period profit is 2(L — A —C+ H —C. The high-quality
producer won't deviate if:

2L-A-C+H-C>2(L-0C)

A< C
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A low-quality producer would stick to this strategy. The firm’s two-period
profit is 2L. The high-quality producer won't deviate if:
2L>2(L-A)+ L

A>L

=3
Therefore, separating equilibria exist only if the following condition is satisfied:
RV (167)

Given the assumption 1, any A satisfies condition (167) identifies a separat-
ing equilibrium. Since the condition (167) is always true, there exist an infinite
number of continuous separating equilibriua. Therefore, if consumers play pure
strategies, we can have seperating equilibiria. Price alone can separate a pro-
ducer’s type.

U

The signalling model has many separating equilibria makes it difficult to make
comparison. Since our focus is to find the optimal way to solve asymmetric infor-
mation problem, we choose a separating equilibrium which provides the highest
profit to a producer, that is, a high-quality producer chooses the lowest bound of
A, which is A = £, sets price at . A low-quality producer sets price at L.

To sum up, I checked all pure strategy possibilities. Jullien and Mariotti2006suggested
monotonic beliefs, in which there is a unique separating equilibrium but ruled
out by refinement criteria. In our setting, monotonic beliefs do not support sep-
arating equilibrium. Price-only-signalling equilibrium is only supported by non-

monotonic beliefs.

3.4.2. Advertising Signals.

Then, we choose the most efficient separating equilibria when there is an adver-
tising signal. Firstly, a producer chooses an optimal level of advertising to signal
his product’s quality and announces an introduction price. After each consumer
observes the advertising intensity, she makes the decision to purchase a product
or not. If a consumer purchases a product, she learns true quality and revises
her beliefs. If not, a consumer sticks to the beliefs formed before. Accordingly,

consumers make next purchase desicions.
Lemma 5. Under Assumption (3), there always exists separating equilibria.

Proof. Suppose separating equilibria do exist. The advertising strategies of a pro-
ducer to signal his quality would be to choose different advertising levels, where

A(H) # A(L). Suppose that consumers hold beliefs that there exists a cut-off
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advertising level A* such that:

(168)

y A(q) < A* the producer is of low quality with probability 1
i
A(q) > A* the producer is of high quality with probability 1

Then, the producer’s optimal strategy would be:

e to never choose A(q) > A* since A(q) = A* suffices to convince the con-
sumers and increasing advertising expenditure further is costly;

e to choose A(q) = A* if the product is treated as high quality.

e to choose A(q) = 0 if the product is treated as low quality;

The consumer’s beliefs in this assessment is: if a consumer observes A(q) = A%,
then she must believe that the firm provides a high-quality good, whereas if she
observes A(q) = 0, then she must believe that it is low quality. Consumers stick
to these beliefs. The beliefs can only be revised if consumers observe signals or
consume the product.

For a high-quality producer, under Assumption 3, he sets the price and ad-
vertising pair at (P;(H) = H,A(H) = A*). According to the level of advertis-
ing, consumers believe the new product is high quality. Consumer 1 buys the
product. Consumer 1 is fully informed about the quality. Consumer 2 couldn’t
afford it and won’t buy the product. The producer’s first period net profit is
H — C — A*. In the second period, under Assumption 3, a high-quality producer
charges P,(H) = H. Consumer 1 will buy the product in the second period.
Then, the firm’s two-period net profit is 2(H — C) — A*. If the high-quality pro-
ducer deviates from the strategy, which means he doesn’t invest on advertising,
Consumer 1 won’t buy it any more no matter whether the price is set at H or L
and Consumer 2 buys the good instead only if the price is L. Then, two-period
profit is 2(L — C'). So the high-quality producer will want to choose A* and won't

deviate if:
20H-C)—A*>2(L—-C)
A* <2(H — L)

For a low-quality producer, he sets the price and advertising pair at (P, (L) =
L,A(H) = 0). Consumers believe it is low quality. Only Consumer 2 buys a
product. The producer’s first period net profit is L. In the second period, a low-
quality producer charges P(L) = L. Since Consumer 1 will stick to the initial
beliefs, she won’t buy a product. Only Consumer 2 buys a product. Therefore,
the firm’s two-period profit is 2L. If a low-quality producer deviates from this
strategy, then he chooses (P, (L) = H, A(L) = A*) in the first period. Consumer 1
believes it is high quality and purchases the good in the first period, yielding it a
tirst year profit of H — A*. Consumer 2 won’t buy for she couldn’t afford it. In the

second period, a low-quality producer charges (L) = L. Consumer 1 won’t buy
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the product again after the quality is fully revealed, Consumer 2 buys a product
along with the price drops at L. The firm’s two-period profit is H — A* + L. So
the low-quality producer won'’t deviate if:

H—- A"+ L <2L

A*>H-1L,

Therefore, separating equilibria exist only if the following condition is satisfied:

H—L<Asp<2(H-1L) (169)

Given the assumption 3, any advertising level satisfies condition (169) identi-
ties a separating equilibrium. Since the condition (169) is always true, there exist
an infinite number of continuous separating equilibria which the levels of adver-

tisement are different. O

The fact that this signalling model has many separating equilibria makes it dif-
ficult to use this model to make comparison with the equilibrium of intermedi-
ation. Since our focus is to find condition for intermediation to be optimal way
to solve asymmetric information problem instead of advertisement, we choose a
separating equilibrium which provides the highest profit to producers, that is, a
producer choose the lowest bound of A§;: Aty = H — L.

Then, we consider the possibility of pooling equilibria. There always exist be-
liefs which can support pooling equilibria. Suppose consumers hold beliefs that
there exists a cut-off advertising level A* which is sufficient high. Consumers’
supporting beliefs are: if a consumer observes A, she believe that the firm pro-
vides a high-quality good. Otherwise, she believes that the firm provides a high-
quality good with probability p. :

A(q) > A*  the producer is of high quality with probability 1
if § A(q) < A* the producer is of high quality with probability p (170)
and of low quality with probability 1-p

If a advertising level A* is greater enough, both types of producer would prefer
to choose pooling. Therefore, there always exist pooling equilibria. In order to
access the scope for intermediation, we aim to select the pooling equilibria which
maximizes a producer’s profit. If pooling, there is a minimum level of advertising
that no type of producer will send advertising signal, that is, A(¢q) = 0.

In pooling equilibria, different type of producer announces a same introduction
price in the first period. A producer can either set the price at Consumer 1’ s price
expectation which is pH (see 201) or L. This generates sub-cases:

When pH is less than L, a high-quality producer sets the price at pH since this

is the highest price Consumer 1 would accept. If he sets the price higher than
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pH, Consumer 1 won’t buy a product from him. A high-quality producer will
lose Consumer 1 in the first period and second period. A low-quality producer
mimics a high-quality producer’s price strategy. Why? If a low-quality producer
set the price at L, only Consumer 2 will buy a product. In this parameter’s region,
the profit of selling two products at price pH is greater than that of selling one
product at price L.

When pH is greater than L and less than 2L — C, a high-quality producer sets
the price at L. A high-quality producer could gain more by selling Consumer 1
and Consumer 2 rather than selling to Consumer 1 only. A low-quality producer
mimics a high-quality producer’s price strategy. A low-quality producer set the
price at L in the first period, Consumer 1 and 2 will buy 2 unit of products. A
low-quality producer set the price at L in the second period, Consumer 2 will
buy 1 unit of products.

When pH is greater than 2L — C, a high-quality producer sets the price at pH.
A high-quality producer could gain more by selling to Consumer 1 only. In the
second period, product quality is informed. Consumers revise their beliefs. A
high-quality producer sets the price at //, and a low-quality producer sets the
price at L.

Lemma 6. Under Assumption 3, if pH > € pooling equilibria can Pareto dominate

the separating equilibrium.

The proof is provided in the appendix.

A third possible outcome is hybrid equilibrium. Different types of the producer
put positive probability to send the same signal, but not all types put the same
probability on all strategies. The details are left to the Appendix. This analysis is

summarized in Lemma (7): .
Lemma 7. Under Assumption 3, hybrid equilibria are always Pareto dominated.

As stated above, we focus on the most efficient equilibrium. In this model spec-
ification, separating equilibria and pooling equilibria always exist. Firstly, we
choose the most efficient separating equilibrium and the most efficient pooling
equilibrium. We then select the most efficient equilibria. We find that separating
equilibrium is Pareto dominant in some parameter space and pooling equilibria
are Pareto dominant in some other spaces.

In the first period, if the expected price of consumer 1 is rather small, the sep-
arating equilibrium is Pareto dominant. A high-quality firm would rather spend
on advertising to separate his type. The producer does so because if he does not,

then the consumer believes it to be low quality, and does not find out that it might
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be of high quality. A high-quality producer loses some future profit when he imi-
tates a low-quality one. However, imitating a high-quality firm is not worthwhile
for the low-quality one because the advertising cost is just too much which causes
the profit of imitating less than the profit of no imitating. If the expected price of
Consumer 1 is large enough, the pooling equilibrium is Pareto dominant. A pro-
ducer is less motivated to introduce a high quality good through advertising. A
high-quality producer would rather pool with a low-quality producer than sep-
arate his type. In the second period, the true type of a producer is revealed,

consumers will have the full information about the product.

3.4.3. The Optimal Bayesian equilibria.

From the analysis above, we have the most efficient equilibrium when prices
are as signals alone, and then we have the most efficient equilibria when ad-
vertising and prices are as signals jointly. Again, in this chapter, our focus is to
select the equilibrium which maximizes the producer profit. We compare price-
only-signalling equilibrium and advertising-signalling equilibria, we find that
the equilibrium from price signalling is highly inefficient. The proof is left to

the Appendix.

Lemma 8. Under Assumption 3, price-only-signalling equilibria are always Pareto dom-

inated.

Proposition 8. Under Assumption 3,

(1) if pH < HC, a separating equilibrium is Pareto dominant which a high-quality
producer sets his advertising level at H — L, just high enough for the low-quality
producer not to mimic.

(2) if pH > ££E, pooling equilibria are Pareto-dominant.

To sum up, in the advertising signalling model, the equilibria which maximize

the producer profit have be chosen as below, we compare these results with in-
termediation in later section:

e If pH < H€, pooling equilibria exist, but Pareto-dominated by separating

equilibrium.

In the first period, a high-quality producer sets the pair at (P (H) =

H,A(H) = H — L). According to the level of advertising, consumers be-

lieve the new product is high quality. Consumer 1 buys the product. Con-

sumer 2 won't buy the product. A low-quality producer sets the pair at

(Pi(L) = L,A(L) = 0). For there is no advertising signal, consumers be-

lieve the new product is low quality. Consumer 1 won’t buy the product
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and Consumer 2 buys the product. In the second period, a high-quality
producer sets (P»(H) = H. Consumer 1 knows the true quality and buys
it. A low-quality producer sets the pair at (L) = L. Consumer 2 buys
the product.
If 12¢ < pH < L, pooling equilibria exist and Pareto-dominate separating
equilibrium.

Different types of producer choose a same price in the first period. A
producer sets the pair at (P (H) = pH, A(H) = 0). Consumers don’t know
the quality. Both of them buy the products. In the second period, con-
sumers know the true quality. A high-quality producer sets the price at
Py(H) = H, Consumer 1 buys a product. A low-quality producer sets the
pair at (L) = L. Consumer 2 buys a product.

If L < pH < 2L — C, pooling equilibria exist and Pareto-dominate sepa-
rating equilibrium.

In the first period, a producer sets the pair at (P (H) = L, A(H) = 0).
Consumers don’t know the quality. Both of them buy the products. In the
second period, consumers know the true quality. A high-quality producer
sets the price at (H) = H, Consumer 1 buys a product. A low-quality
producer sets the pair at (L) = L. Consumer 2 buys a product.

If pH > 2L — C, pooling equilibria exist and Pareto-dominate separating
equilibrium.

In the first period, a producer sets the pair at (P,(H) = pH, A(H) = 0).
Consumers don’t know the quality. Consumer 1 buys a product. Con-
sumer 2 won't buy for the price is too high. In the second period, Con-
sumer 1 knows the true quality. A high-quality producer sets the price at
P,(H) = H, Consumer 1 buys a product. A low-quality producer sets the
pair at (L) = L. Consumer 2 buys a product.

3.5. The Model with an Intermediary.

An intermediary handles a variety of goods from several producers in a particular

industry and receives no utility from consuming these goods. We assume that an

intermediary is rational and infinitely lived. A discount factor is 6 € (0,1). An

intermediary has to rely on its reputation to sell goods. An intermediary could lie

about its goods’ quality. If an intermediary cheats, he loses sales on the defector’s

goods and loses sales on other products he carries.

A producer and an intermediary play a bargaining game. The bargaining par-

ties bargain over the division of products” margin (Nash, 1950, 1953). An inter-

mediary has no more bargaining power than ordinary buyers. An intermediary’s
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advantage over buyers is his ability to identify quality. He can inspect the good
at a cost of w > 0. We assume that bargaining occurs before both the producer
and the intermediary observe the quality but they can share the surplus in a way
that depends on ex-post observed quality. A testing will be operated when they
reach an agreement. If the bargain fails, they won’t do the test.

In the beginning of the first period, a producer bargains with an intermediary.
If the bargain fails, the producer goes back and introduce his new product by sig-
nalling. Consumers know the bargaining’s fail, they know a new product would
be introduced by a producer himself, and the product quality is still uncertain. If
the bargain succeeds, a producer sells products to an intermediary at P;(¢) and
an intermediary sell the products to customers at P;(g). Then, consumers know
the quality from the single purchase. After the first period, this producer doesn’t
need an intermediary since its quality is known to consumers. Therefore, when

there is an agreement, a producer works with an intermediary one period only.

3.5.1. The Market Equilibrium with Intermediation.

In our model, an intermediary can verify the quality and let the consumer share
the information. We make comparisons between signalling equilibria and inter-
mediation. Proposition (9) states conditions under which a producer is better off
if an intermediary is present. In this section, we assume that an intermediary

always tells the truth about products” quality in order to maintain his reputation.

Proposition 9. Under Assumption 3,

(1) in equilibrium, a low-quality producer always sells his good privately. Intermedi-
ation is only used by high quality producers.

(2) if pH < %, and w < H — L holds, there exists an equilibrium where equilib-
rium with intermediation can Pareto-dominate signalling separating equilibrium.

(3) ifpH > %, and w < H —2pH + C holds, there exist equilibria where equilibria

with intermediation can Pareto-dominate pooling equilibria.

Proposition (9) is derived in three steps:
Step 1: a low-quality producer always sells his good privately.

A producer sells products to an intermediary at P;(q). He will choose to sell

products to an intermediary rather than to consumers by himself if and only if

Pi(L) > L. If a low-quality producer sells his product to consumers by himself,

he sells a product at the price L. Therefore, he would like to sell a product to

an intermediary only if the price is not lower than L. An intermediary would

like to buy the producer’s good at the price P;(L) if and only if L — P;(L) > 0,
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which is P;(L) < L. The highest price of a low-quality product is L. If an inter-
mediary buy a product at the cost higher than L, an intermediary will face a loss.
However, we find an apparent contradiction between the two conditions, which
implies that the low-quality producer won’t be better off to sell his products to
an intermediary. Trading through an intermediary is too costly for a low-quality

producer.

Step 2: If pH < %, there exists an equilibrium where intermediation can im-

prove separating equilibrium as a way of separating a producer’s type.

Assume a high-quality producer set the price at P;(H ), he will choose to separate
his type through an intermediary rather than through level of advertising in a
separating equilibrium if and only if P;(H) — C > L — C, it shows that P;(H)
has to be greater than L. An intermediary accepts the price P;(H) if and only if
H —p;(H)—w > 0,whichis P;/(H) < H — w. Thus, a high-quality producer sells
products to an intermediary if and only if (171) is satisfied.

L<P(H)<H-w (171)

Which means L < H — w, then we have w < H — L.

The producer and the intermediary have a common interest and reach a mu-
tually beneficial agreement, but have a conflict of interest about which one to
agree on. We assume that the producer gets utility v from the agreement, where
u = P;(H) — C, and the intermediary gets utility v, where v = H — w — P;(H).
If there is no agreement, a producer goes back and separates his type through
advertising. They get utility uo = L — C, vy = 0 respectively. Given these utilities,
assume g(u,v) is the collective utility, which the collective utility function is given
by g(u,v) = (u — up)(v — vp).

g(u,v) = (Pr(H) = L)(H —w — Pi(H)) (172)
Nash demonstrated that there is a unique solution to a bargaining problem (Nash,

1950, 1953). The Nash bargaining solution is the value of P;(H) that maximizes
172. Differentiating with respect to P;(H) and setting the derivative equal to 0

gives:
—dpng) =H—-w+L—-2P(H)=0
Solving this equation for P;(H) gives:
H— L
Pr(H) = % (173)

This solution represents a situation that could not be improved on to both agents’
advantage because rational participants would not accept a given agreement if

some alternative agreement could make both parties be better off, or at least one
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better off with the other no worse off. This is illustrated in figure 3, note that the

Nash solution maximizes the area of the shaded rectangle.

Utility v

IS
*

Uug, Vo

v
Utility v

FIGURE 3. Nash Bargaining Solution

A producer compares the potential profit, and chooses the maximum. A high-
(H—w+ L)
. 2

sumer 1 buys the product from the intermediary at P;/(H) = H. Consumer 2

doesn’t buy the product. After the first period, a producer doesn’t need an inter-

quality producer trade through an intermediary at the price . Con-

mediary once its quality is known to consumers.

Step 3: There exist equilibria where intermediation can improve pooling equilib-
ria.

(1) If &€ < pH < L,and w < H — 2pH + C holds, a high-quality producer is

H+2 H - C -
better off to sell a product to an intermediary at the price (1 + 2p w) .

(2) f L <pH <2L—C,and w < H — 2L + C holds, a high-quality producer
is better off to sell a product to an intermediary at the price
dfrac(H + 2L — C — w)?2.

(3) It pH > 2L — C, and w < H — pH holds, a high-quality producer is better
(H+pH —w)
5 X

off to sell a product to an intermediary at the price

What are the reasons behind these results? No matter how cheap the testing cost
and the rent of an intermediary are, an intermediary can never sell a low-quality
product higher than L because Consumer 2 never offers more than L, then there
is no bargaining surplus between a low-quality producer and an intermediary. A

low-quality producer is not willing to trade through an intermediary. Because of
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the asymmetric information between a high-quality good and a consumer, a high-
quality producer has to take a cost to reveal his type. A high-quality producer
would like to choose a low-cost way to separate his type. When the testing cost of
intermediation is lower enough, intermediation is always a dominating solution

to introduce a new product.

3.6. Comparative Statics.

In this section, we demonstrate the basic analysis for the comparative statics with

respect to the following parameters: p, C, H, L and w.

3.6.1. A Change in p.

Parameter p indicates the probability of a high-quality product. p, which is a key
factor, impacts on consumers’ valuations for the good and trading strategies a
producer would choose. When the product quality is unknown, the higher the
probability of a high-quality product is, the greater of the expected price Con-
sumer 1 would accept. A high-quality producer would incur a lower foregone
cost to separate himself from a low-quality producer.

When there is no intermediary, the higher the probability of a high-quality
product is, the less motivated a high-quality producer becomes in advertising
to separate himself from a low-quality producer, and the more motivated a high-
quality producer becomes in pooling with a low-quality producer. When an in-
termediary joins the game, the higher the probability of a high-quality product is,

an intermediary earn less profit from introducing a high-quality product.
3.6.2. A Changein C, H, L.

C' indicates the cost of a high-quality product. The cost of a low-quality product
is zero. Because of a high-quality good ’ cost disadvantage, the greater C'is, the
high-quality producer has strong motivation to reveal his products” quality. Re-
peat purchases play a crucial role in our model. If no repeated game, With a low-
quality good ’ cost advantage, imitating a high-quality producer is always the
best strategy for a low-quality producer, and a high-quality producer can never
benefit from separating himself from a low-quality producer. a high-quality pro-
ducer forego profit to attract an initial sale, in the second period, Consumer 1
know the qulity, she will buy a high-quality product again.

H indicates the valuation of a high-quality product which is the highest price
Consumer 1 would accept. L indicates the valuation of a low-quality product
which is the highest price Consumer 2 would accept. When there exist inef-
ficiencies from information delays in trade between a high-quality good and a

consumer, the larger of the gap between the parameters of the price / and L is,
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the stronger motivated a low-quality producer becomes to imitate a high-quality
producer, and a high-quality producer has to introduce his new product with a

greater advertising investment or intermediation cost.

3.6.3. A Change in w.

For a producer, intermediation is costly. One cost is from the testing cost w which
plays an vital role in the decision making on advertising signal or intermediation.
The other cost is from the profit of intermediation. If higher the testing cost w is,
the bargaining surplus is lower, the less motivated a high-quality producer be-
comes to sell products to an intermediary, and the more motivated a high-quality

producer becomes to sell his product privately.
3.7. Intermediary Reputation in Repeated Interaction.

The model presented in the previous section assumes that the basic stage game
of an intermediary is the same in every period. In the repeated game, players are
all honest and they trust each other. However, in practice, it is possible that an
intermediary chooses to lie. In this section, we consider optimal trust equilibria
when consumers observe a defection on quality. In order to make an reputation
equilibrium there must be some cost to an intermediary from deception. Suppose
now that the history of past play is perfectly observed by all players. If the in-
termediary lies about his goods” quality, consumers will know the quality in next

period and will not purchase from him for T periods.

Proposition 10. If T' — oo, there exists an equilibrium in which an intermediary won't
lie about his product’s quality and the intermediary’s value along a "trust’ phase is always

greater than the value involved in "punishment’.

Proof. Consider the following equilibrium in which an intermediary and con-
sumers start in a "trust’ phase, whereby the intermediary sells high-quality goods
at cost c from several producers in a particular industry, and buyers pay 1, where
0 < ¢ < 1. If the goods claimed to be of high-quality are proven low quality with
probability ¢, then the equilibrium switches to a ‘punishment” phase in which
buyers stop purchasing from him for T periods, upon which they revert to the
"trust’ phase again.

Let ET be the intermediary’s value along a trust phase and £~ be the intermedi-

ary’s value at the start of a ‘punishment” phase.
Et=1—c+ (1—1)0E" +10E~ (174)

E-=6"E* (175)
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Solving (174) and (175), we get
1-c
- 1—(1—1¢)0 — 0T+t
1—-c
1—(1—1¢)d — 00T+t
We assume all low-quality products’ costs are zero. The seller’s no-deviation

Bt (176)

E-=6"

(177)

constraint during the cooperative phase is given by the following:
E* >1+0E" (178)

Substituting (174) into (178), we have

+ - > ¢
ET—FE > A= (179)
Substituting (176) and (177) into (179), we get
_ _ ST
5 (1—c)(1—=46") c (180)

1 —(1—1¢)0— 6T+t 1
Notice that (180) is not satisfied for 7" = 0 because the left hand side becomes
zero. As T — oo, 67 — 0 and 67 — 0. Simplifying (180), we get:

(1—2¢) c

51—(1—L)5>1—L

(181)

Simplifying (181), we get:
C

o>
11—

(182)

Therefore, if 6 > =, there exists a T" such that (178) is satisfied. Specially, if

1
0> =, from (176), E* is decreasing in T, then the equilibrium is the one that

minimizes the value of 7' consistent with (182). Therefore, for the punishment

cost, an intermediary is always honest and players trust each other. 0

3.8. Extension: Equilibrium under a Different Assumption.

According to consumers’ valuation function (165) and (166), a high-quality pro-
ducer may set a low price at L if his target consumers are Consumer 1 and Con-
sumer 2. Throughout this section, we assume a high-quality producer would

gain more by setting the price at L. We compare the results under Assumptions
(3) and (4).

Assumption4. 2(L. —C) > H - C

3.8.1. Market Equilibrium with Signalling.
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We analyse all possible equilibria when a market is without intermediation and
select best equilibria by means of a Pareto dominance refinement criterion. The
analysis under Assumption (4) works in the same fashion as that former analysis

under Assumption (3) works.

Lemma 9. Under Assumption 4, there always exists separating equilibria. By means
of a Pareto dominance refinement criterion: a high-quality producer sets his advertising

level at L, just high enough for the low-quality producer not to mimic.

L

Lemma 10. Under Assumption 4, there always exists pooling equilibria. If pH > 3,

pooling equilibria can Pareto dominate the separating equilibrium.
Lemma 11. Under Assumption 4, hybrid equilibria are always Pareto dominated.

The details are left to the Appendix.

Comparing the results under Assumption 3 and 4 when there is no intermedia-

tion, we find that:

(1) The greater of the gap between the price H and L is, the greater advertising
expense a producer invests on to separate his type.

(2) The greater of the gap between the price H and L is, the higher of the
probability a producer is willing to separate his type through advertising.

The higher price a high-quality product is at, the higher cost a high-quality pro-
ducer has to pay to stop a low-quality producer from mimicking. When the gap
between the price H and L is not big, pooling equilibrium (signalling through
delay) is more effective than advertising signalling.

To sum up, in the two-period Bayesian signalling model, under Assumption 4,
the equilibria which maximize the producer profit have be chosen as below, we

compare these results with intermediation in next subsection:

o If pH < g, pooling equilibria exist, but Pareto-dominated by separating
equilibrium.
In the first period, a high-quality producer sets the pair at (P, (H) =
L, A(H) = L). According to the level of advertising, consumers believe the
new product is high quality. Consumer 1 and Consumer 2 buy products.
A low-quality producer sets the pair at (P (L) = L, A(L) = 0). For there is
no advertising signal, consumers believe the new product is low quality.
Consumer 1 won’t buy the product and Consumer 2 buys the product. In
the second period, a high-quality producer sets (P»(H) = L. Consumer

1 knows the true quality and buys it. Consumer 2 buys the product too.
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A low-quality producer sets the pair at (L) = L. Consumer 2 buys the
product.

. g < pH < L, pooling equilibria exist and Pareto-dominate separating
equilibrium.

Different types of producer choose a same price in the first period. A
producer sets the pair at (P (H) = pH, A(H) = 0). Consumers don’t know
the quality. Both of them buy the products. In the second period, con-
sumers know the true quality. A high-quality producer sets the price at
P,(H) = L, Consumer 1 and 2 buy product s. A low-quality producer sets
the pair at (L) = L. Consumer 2 buys a product.

o If pH > L, pooling equilibria exist and Pareto-dominate separating equi-
librium.

In the first period, a producer sets the pair at (P,(H) = L, A(H) = 0).
Consumers don’t know the quality. Consumer 1 and 2 buy products. In
the second period, Consumer 1 knows the true quality. A high-quality
producer sets the price at P»(H) = L, Consumer 1 and 2 buy products.
A low-quality producer sets the pair at P»(L) = L. Consumer 2 buys a
product.

3.8.2. Market Equilibrium with Intermediation.

Proposition 11. Under Assumption 4,

(1) in equilibrium, a low-quality producer always sells his good privately.

(2) if pH < Land w < g holds, there exists an equilibrium where equilibrium with
intermediation can Pareto-dominate signalling separating equilibrium.

() if £ < pH < L, and w < L — pH holds, there exist equilibria where equilibria
with intermediation can Pareto-dominate pooling equilibria.

(4) if pH > L, a high-quality producer is better off to sell products privately.

Results are derived in four steps:
Step 1: a low-quality producer always sells his good privately.

Assume a low-quality producer set the price at P;(L), he will choose to trade
through an intermediary rather than to trade in a separating equilibrium if and
only if P;(L) > 2pHorP;(L) > 2L. An intermediary only can sell the product to
Consumer 2 because he tells the truth about the products’ quality. An interme-

diary buys the producer’s good at the price P;(L) if and only if L — P;(L) > 0,
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which is P;(L) < L. There is an apparent contradiction between the two con-
ditions, which implies that the low-quality producer won't be better off trading

through an intermediary.

Step 2: There exists an equilibrium where intermediation can improve separating

equilibrium as a better way of separating a producer’s type.

Assume a high-quality producer set the price at P;(H), he will choose to trade
through an intermediary rather than to trade in a separating equilibrium if and
only if 2(P;(H)—C) > 2(L—C) — L, it shows that P;(H) has to be greater than g
An intermediary accepts the price P;(H) if and only if (L — P;(H)—w) > 0, which
is P;(H) < L—w. Thus, a high-quality producer sells products to an intermediary
if and only if (183) is satisfied.
g <P(H)<L—-w (183)
Which means w < g

We assume that the producer gets utility v from the agreement, where u =
2(P;(H) — C), and the intermediary gets utility v, where v = 2(L — P;(H) — w).
If there is no agreement, they get utility up = L — 2C, vy = 0 respectively. Given
these utilities, a collective utility function is given by g(u, v) = (u — ug)(v — vy).

g(u,v) = 22P;(H) — L)(L — Pi(H) — w) (184)

Differentiating with respect to P;(H) and setting the derivative equal to 0, solve
this equation for P;(H) gives:

Pr(H) (3L ; 2w)

A producer and an intermediary bargains over the division of high-quality

(185)

products’ margin. A high-quality producer trades through an intermediary at the

L—-2
price P;(H) = w
at P;(H) = L. Consumer 2 buys the product from the intermediary at P;(H) = L.

. Consumer 1 buys the product from the intermediary

A low-quality producer trades directly, and he sets the price-advertising pair
at (L,0).
Consumer 1 won’t buy the product.

Consumer 2 buys the product from the producer at P,(L) = L in both periods.

Step 3: There exists an equilibrium where intermediation can improve a pooling

equilibrium.
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If £ < pH < L,and w < L — pH holds, a high-quality producer is better off to sell

L+pH —
products to an intermediary at the price P;(H) = w

Step 4: If pH > L, a high-quality producer is better off to sell products privately.

A high-quality producer sets the price at P;(H ), he will choose trade through an
intermediary rather than trade in a pooling equilibrium if and only if 2(P;(H) —
C) > 2(L — C), which is P;(H) > L. The intermediary accepts the price P;(H)
if and only if L — p;(H) — w > 0, which is P;(H) < L — w. Thus, a high-quality

producer sells products to an intermediary if (186) is satisfied:
L<P(H)<L-w (186)

For w > 0, there is an apparent contradiction, which implies that a high-quality

producer won't be better off to sell products to an intermediary.

Comparing the results under Assumption 3 and 4 where there is an intermedi-

ary, we find that:

(1) The greater the price H is, a producer is more willing to separate his type
through intermediation rather than through advertising.

(2) For a high-quality producer, if he benefits by selling his product the same
price as low quality good, pooling equilibrium is more effective than in-

termediation.

Expensive high-quality products face higher signalling cost to separate its type.
When the testing cost is low enough, intermediation has a greater competitive
advantage to dominate advertising signal. When asymmetric information is not
an issue, a producer doesn’t have intuition to eliminate asymmetric information.

A high-quality producer doesn’t need separate his type.

3.9. Conclusion.

In this paper, possible equilibria are compared in new product launching with
quality uncertain problem. A producer may choose to introduce his product by
himself, in which case a producer could signal a product’s quality through levels
of advertising. Or, a producer sells his goods to an intermediary who handles a
variety of products. We consider Pareto efficiency selection criterion to select the
best possible equilibrium. Then, we show that intermediation can be a better way
of separating a producer’s type.

All results of this chapter depend on the assumption that there is only one

producer and two consumers. When considering demand effects, it would be
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interesting to check whether the results are still robust, for e.g., it is worthwhile
to check what will happen if the proportion of two types’ consumers is different
from one to one. A possible extension could be in which an intermediary gets
more bargaining power. Furthermore, we made the convenient assumption that
the highest price Consumer 1 would accept is H. By relaxing the assumption,
the double marginalization will be involved. Although double marginalization
effect has been extensively studied in the context of supply chain management
for mature products, very limited attention has been given to newly introduced
products with quality uncertainty whose demand is generated through the effect
of reputation.
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THESIS CONCLUSION

In this thesis, we consider platform innovation, intermediation and advertise-
ment.

In the first chapter, we make comparisons in platform innovation. In a mo-
nopoly platform model, by comparing profit-maximizing outcomes and welfare-
maximizing outcomes without and with innovation, we find that while the plat-
form’s profit is obviously positive in the profit-maximizing solution, notional
profit is negative in the welfare-maximizing solution. By comparing profit-maximizing
and welfare-maximizing outcomes without innovation and with innovation, we
find that the platform’s profit with innovation is greater; more agents are con-
nected to the platform with innovation than that without innovation.

In non-tournament models, by comparing profit-maximizing outcomes with-
out innovation and with innovation, we find that platforms” profit with innova-
tion is less than platforms” profit without innovation. They end up a prisoners’
dilemma equilibrium. Agents of group [ total surplus with innovation is greater
than without innovation. social welfare with innovation is greater than that with-
out innovation. By comparing profit-maximizing outcomes without technology
spillover effect and with technology spillover effect, we find that platforms have
the same optimal price and optimal quality under the condition without tech-
nology spillover effect or with technology spillover effect. Each platform’s profit
with technology spillover effect is greater than that without technology spillover
effect. Three extensions are model with asymmetric network externalities, plat-
form exogenous specialization in side innovations, and innovation tournament
model. We have carried out some preliminary studies which are very important
start for our future work.

In the second chapter, we show a problem in Armstrong (2006) monopoly
model: the set of assumption in Armstrong (2006) monopoly platform model is
not sufficient to guarantee the existence of an interior equilibrium with positive
demands. A linear Hotelling demand system is used to illustrate the point. If the
tirst and second conditions hold, the only possible result is corner equilibrium
where equilibrium demand quantities are zero. If the first and second conditions
are reversed, the solutions are either both sides of the market are fully covered, or
jump to the other corner where equilibrium demand quantities are zero. Clearly,
in both corner equilibria above Armstrong (2006) optimal pricing does not apply.
For future work, it will be challenging to find a way to fix the problem in a more

general form.
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In the third chapter, we assess the potential benefits of intermediation where
intermediation is with quality certification. The benefit depends on the efficiency
of equilibrium without intermediation. We develop a simpler signalling model
of advertising to compare with intermediation signal. Our analysis confirms that
intermediation may signal quality, but advertising may also occur, and which is
used depends on the difference in costs of qualities.

The third chapter can be extended in many ways, for e.g.,demand effect could
be considered. Assume there are n; of Consumer 1 and n; of Consumer 2, then
all equilibria will end up with two more variables. We could then study how
the conditions of which an intermediary is active in a market to reveal the true

quality of a product will change when there are demand effects.
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APPENDIX A. IN THIS APPENDIX WE SUPPLY THE PROOF OF CONDITION (147)

We check First and Second Order Conditions for a maximum profit of a platform
when there is no V. Consider a platform who would like to maximize profit. The
platform charges p; for offering unit connection to two group of agents. Unit
connection cost is f; > 0. Unit transportation cost is t > 0. a; > 0 measures
network externalities. A profit function is given by:

_tp1 + Py

= m@l—fl)— (p2 — f2)

The platform chooses p, to maximize profit. A mathematical condition for op-

tp2 + praxa
tQ — (19

timization state that the first derivative is zero. m must satisfy:

tp1 + pacry tpy + provs

maximize =~ 5 - (p1 = fi) — ERN (P2 — f2)
t(— t —
a_ﬂ-:_ ( fl +p1> . P1 + P20y . ( f2 —|—p2)042 -0 (187)
8p1 2 — 109 12 — 109 12 — 109
0 t(— t —
™ _ ( f2+p2) i p2+p1a2 . ( fl +p1)a1 -0 (188)

(9_]92 N t2 — (12 t2 — (19 t2 — (19
Solving the systems in (187) and (188), we deduce that the profit-maximizing
outcome has the equilibrium prices satisfying:

_ tfg(—Oél —|— (12) + f1(2t2 — Oé% — Oz10[2)
42 — (061 + 062)2

b1

_ tfilar — ag) + fo(2t* — a3 — aqaz)
P 4% — (a1 + ag)?
Substituting p; and p, upon to (142) and (143), we have,

_ —2tf1 — faloq + o)
442 — (Oél + OZQ)Q

Ny — —Qtfg — f1<041 + Oég)
2T A2 — (g + an)?

In addition, mathematical conditions for maximization state that the second

(189)

(190)

derivatives are negative. They are expressed as:

0’ 0’ 2t

— S 191
Ppr 0%py 1?2 — g (191)
0*m 0*m it (192)

Opapa  Opapa 12— oy
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0*m . 2t <0
P P
o°r ., o°m , 0°m ap+ay 2t 2t
- T - 0
(8P1P2) 32]71)(32192) ( t2—041042) ( tz—OQOéz) t2—041042)<
(193)

Solving (193), a platform would maximize profit if and only if:

2t > a1 4 an

APPENDIX B. IN THIS APPENDIX WE SUPPLY THE PROOF OF CONDITION (158)

We check First and Second Order Conditions for a maximum profit of a platform
when there is V. Consider a platform who would like to maximize profit. The
platform charges p; for offering unit connection to two group of agents. Unit
connection cost is f; > 0. Unit transportation cost is t > 0. a; > 0 measures

network externalities. V' > 0 is an intrinsic value. A profit function is given by:

V4V tpi 4 aaps
t2 — (19 t2 — (12

tV + aV _ tps + P
t2 — (19 t2 — (19

Y1 — f1) + (

™

)(pQ —f2)

The platform chooses p; to maximize profit. The value p; of p; that maximizes
the function. A mathematical condition for optimization state that the first deriv-

ative is zero. m must satisfy:

.. tV + a1V tpl + a1 P2
maximize 7 = ( —
P1,p2 2 — e 12— ojan

tV+aV  ipp+ asp
t2 — (19 t2 — (19

)1 = f1) +( )(p2 = f2)

o _ _t-hitp) tmipe—tV -V (Chapdar ey

apl t2 — (X109 t2 — (X109 t2 — (12

On _ _Hohtp) tptpor—tV-oV (Chtpla o g

(9])2 2 — 109 2 — (e30%) 12 — 109

Solving the systems in (194) and (195), we deduce that the profit-maximizing
outcome has the equilibrium prices satisfying:

V(2t2 — tag + tag — ajag — al) + tfalan — ap) + f1(2t2 — a2 — ajan)
442 — (061 + 062)2

P =

V(2t2 + tOzg — tO./l — X1y — Oj%) + tfl(—OZQ + O./l) + f2(2t2 — O[% — O./l()zg)

- 4t2 — ((1/1 + 062)2
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Substitute p} and pj to (153) and (154), we have,

. 2V =21 +Vay — fron +Vag — fras

ny 442 — (041 + 042)2
_ V(2 +ar+ag)  =2tf1 — frar — fo
412 — (g + rp)? 412 — (g + an)?
0t — 2tV — 2tf2 +Va;, — floél +Vay — fla2
5 =

4¢2 — (Oél + OZQ)Z

_ V(2t+ar+ag) | —2fs — fran — fiow
412 — (Oél + 042)2 442 — (Oél + 042)2

In addition, mathematical conditions for maximization state that the second

derivative is negative. They are expressed as:

0*m L 2t <0
Py P
o°r ., o°m  O0*m ar+ o, 2t 2t
_ (ST 2 Ny _ 0
((9]?11172) (32]?1)(82172) ( t2—0&1042) ( t2—0&1042)< 752—041042)<
(196)

Solving (196), a platform would maximize profit if and only if:

2t > a1 + as

APPENDIX C. THE PROOF OF CORNER EQUILIBRIA IN LINEAR HOTELLING
DEMAND SYSTEM

From (189) and (190), when 2t > oy + ay, there is no an interior equilibrium with
positive demands (or at least one side’s demand is positive). The only equilib-
rium hereisn; = ny =0, 7 = 0.

We check some other possibilities to see if equilibria exist when 2t > a; + ay is

violated. The Equilibria can only be at corners:

o Assume 2t < ay+as—(fi+f2), thereis an corner equilibrium atn; = ny =1
(fully covered market), 7 = a3 + ag — 2t — (f1 + f2). The calculation is as
follows:

nlt = N9 — P1 (197)

Nl = QN — Po (198)
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t=a;—p

L =ay—po

T=(a—t—fi) +(ag—t—fo) =1 +ay =2t = (f1 + f2)

e Assume o + as — (f1 + f2) < 2t < oy + aq, there is a corner equilibrium,
whichisn; =ny =0, 7 =0.
e Assume 2t < oy + ay, there is no equilibrium at corner n; = 1,7y = 0. The
calculation is as follows:
Substitute n; = 1,n, = 0 into (197) and (198), we have,

t=—p

0=ay—p

T=—t—fi

APPENDIX D. IN THIS APPENDIX WE SUPPLY THE PROOF OF LEMMA (6)

Proof. Suppose pooling equilibria do exist. Consumers hold beliefs that there
exists a critical advertising level A* which is sufficient high.

A(q) > A*  the producer is of high quality with probability 1
if § A(q) < A* the producer is of high quality with probability p (199)
and of low quality with probability 1-p

Since advertising expenditure is infinite, two types of a producer would rather
choose the same advertising level A(q) < A* to signal themselves. The product
quality cannot be distinguished on the basis. Advertising doesn’t perform any
signal function and is a pure waste. The optimal level of advertising in a pooling
equilibrium is then A(q) = 0.

In a pooling equilibrium, under assumption 3, a high-quality producer sets a
new product’s price either at Customer 1’ s price expectation (see 201) or L. If
he sets the price higher than Customer 1" s price expectation, Consumer 1 won't
buy a product from him, a high-quality producer will lose his current and future

profit. A low-quality producer mimics a high-quality producer’s strategy.
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E(Ve)=pH - P)+(1-p)(0-P) (200)

Given the above, the expected price is:
P, =pH (201)

In the first period, a high-quality producer sets the price at pH, he can sell
products to Consumer 1 and Consumer 2. In the second period, the product
quality is informed, a producer sets the price at /1, he sells a product to Consumer
1 only. His two-period profitis 2(pH — C') + H — C. We already knew maximum
profit of two-period in a separating equilibriumis H —C' — (H — L)+ H — C (more
detail in Section 1.4), he won’t deviate from this pooling strategy if and only if he
gains more profit from pooling than separating equilibrium:

2pH —C)+H—-C>H—-C—(H-L)+H-C

Thus, for PE to exist it must be the case that:

pH > 1€

For a low-quality producer, he sets the price at pH in the first period and at L
in the second period. His two-period profit is 2pH + L. His maximum profit of
two-period in a separating equilibrium is L + L ( more detail in Section 1.4), he
won’t deviate from this pooling strategy if and only if he gains more profit from
pooling than separating equilibrium: 2pH + L > L + L.

Thus, for the PE to exist it must be the case that:

pH > L

Therefore when pH is less than ¢

, a high-quality producer would deviate
from pooling. A high-quality producer would be more willing to advertise to
separate himself from a low-quality producer. Pooling equilibrium doesn’t exist.
Separating equilibrium Pareto dominates the pooling equilibrium. When pH is

L+C

greater than ==, pooling equilibria Pareto dominates the separating equilibrium.

0

APPENDIX E. IN THIS APPENDIX WE SUPPLY THE PROOF OF LEMMA (7)

Proof. Suppose Hybrid Equilibria do exist. There exists a cut-off advertising level
A*. Let us define a high-quality firm spends on advertising with the probability
a = Pr(A* | H) and the firm with low-quality products spends on advertising
with the probability 5 = Pr(A* | L). The producer has beliefs about how a con-
sumer will eventually play: the producer is believed to produce the high quality
with probability w if A(q) = A* is observed, and the producer is believed to pro-

duce the high quality with probability < if A(H) = 0 is observed. A consumer
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has beliefs about the type of the producer given the action she observes: these are
p=Pr(H| A(q) = A*)and 7 = Pr(H | A(q) = 0).
Hence by Bayes rule definition:
p=Pr(H [ Alg) = A7)
Pr(A* | H)Pr(H)

" Pr(A* | H)Pr(H) + Pr(A* | L) Pr(L) (202)
_ ap
~ap+ (1 -p)

and
T=Pr(H|A=0)
B Pr(A(H)=0| H)Pr(H
" Pr(A(H)=0| H)Pr(H) + Pr(A(L) = 0| L) Pr(L) (203)
(1—a)p
(1—a)p+(1-0)1-p)
Consider the situation in which a high-quality producer chooses A(H) = A*
and a low-quality producer chooses A(L) = fA* + (1 — /5)0.

We have a = 1,p =

m, and p < p < 1. Thus, the information set
followed by A = 0 is reached only by a low-quality type, never by high-quality
type, thatis 7 = 0,¢ = 0. Given the above, the price in the Hybrid Equilibria must
be as follows: If consumer observes A = 0, the highest price she would accept is

L; If Consumer 1 observes A = A*, the highest price she would accept is as (205).
E(Ve) = p(H = P1) + (1= p)(0 - P1) (204)

Then, we have:
PN = pH (205)
For a high-quality producer, he sets the pair either (pH, A*) or (L, A*). On the
basis of ASSUMPTION 3, there are four intervals:

o pH < %
Both producers will benefit from deviating from the Hybrid Equilibria.
The Hybrid Equilibria won’t survive. Then, to achieve an advertising Hy-
brid Equilibrium, pH must be greater than ££<.

o ¢ < pH <L
The high-quality producer sells products to Consumer 1 and 2 and sets the
new product’s price at pH. The high-quality producer will want to spend
A(H) = A* and won't deviate from this strategy if:

200)H-C)-A*"+H—-C>2(L-C)

A* < (2p+1)H —C —2L
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The low-quality producer chooses (pH, A*) with probability 3, and chooses
(L, 0) with probability 1 — 3, so its profitis (2pH — A*)8 + L(1 — /3). From
the second period, the consumer is fully informed. In an equilibrium, a
low-quality producer charges P)- = L; the producer’s profit is L. Thus,
the firm’s two-period profit is (2pH — A*)3 + L(1 — 3) + L. Therefore, the
low- quality producer won't unilaterally deviate from the mixed strategy
if:

(2pH — A)B+L(1-p) > L

A" <2pH — L

Thus, the game has an infinite number of hybrid equilibria if (206) is

satisfied:

At <20H — L
{ SE1 > 4P (206)

pH < €

L<pH<2L-C
the high-quality producer sells products Consumer 1 and 2 and sets the
new product’s price at L. The high-quality producer will want to spend
A(H) = A* and won't deviate from this strategy if:

2L-C)-A"+H-C>2(L-C)

A*<H-C

The low-quality producer chooses (L, A*) with probability /3, and chooses
(L,0) with probability 1 — §, so its profit is (2L — A*)5 + L(1 — /). From
the second period, the consumer is fully informed. In an equilibrium, a
low-quality producer charges Py = L; the producer’s profit is L. Thus,
the firm’s two-period profit is (2L — A*)5 + L(1 — 3) + L. Therefore, the
low- quality producer won't unilaterally deviate from the mixed strategy
if:

(2L— A3+ L0 - )= L

A*< L
Thus, the game has an infinite number of hybrid equilibria if (207) is
satisfied:
At < L
L<pH<2L-C
pH >2L—-C

The high-quality producer sells a product to Consumer 1 and sets the
new product’s price at pH. The high-quality producer will want to spend
A(H) = A* and won't deviate from this strategy if:
pH—-C—-A"+H—-C>2(L-C)
A < (p+1)H —2L
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The low-quality producer chooses (pH, A*) with probability 3, and chooses
(L,0) with probability 1 — 3, so its profit is (pH — A*)5 + L(1 — ). From
the second period, the consumer is fully informed. In an equilibrium, a
low-quality producer charges P)- = L; the producer’s profit is L. Thus,
the firm’s two-period profit is (0H — A*)3 + L(1 — ) + L. Therefore, the
low- quality producer won't unilaterally deviate from the mixed strategy

if:
(pH — A3+ L(1 - §) > L
A*<pH-L
Thus, the game has an infinite number of hybrid equilibria if (208) is
satisfied:
{ Ay < pH ~ L 208)
pH >2L —C

By considering Pareto efficiency selection criterion, the producer’s best response
is to choose A, = 0. This is a pooling equilibrium, therefore, hybrid equilibria
are always Pareto dominated.

Consider the situation in which a high-quality producer chooses A(H) =
aA* + (1 — a)0 and a low-quality producer chooses L — A(L) = 0.

(1—a)p
We have § = 0,7 =
(1 —a)p+(1-p)
set followed by A* is reached only by high-quality type, never by low-quality

,and 0 < 7 < p. Then, the information

type, thatis p = 1, = 1. Given the above, the price in the Hybrid equilibria
must be as follows: If consumer observes A(q) = A*, P/" = H , and if Consumer
1 observes A(q) = 0, the highest price she would accept is in which her expected
utility equals zero (See (210)):

E(Ve)=7(H-P)+(1-7)0-P) (209)

Then, we have:
0

PY =10 (210)

For a high-quality producer, he sets the price at either 7/{ or L. On the basis of
ASSUMPTION 3, there are four intervals:

e TH < %
Hybrid Equilibria won’t survive.

° % <TH <L
The high-quality producer sells products Consumer 1 and 2 and sets the
new product’s price at 7H. If the firm chooses (H, A*) with probability «,
and chooses (7H,0) with probability 1 — «, its profitis (H — C' — A*)a +

2(tH — C)(1 — a). Therefore, the firm’s two-period profit is (H — C' —
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A)a+2(tH — C)(1 — ) + H — C; Thus, the high-quality producer won't
unilaterally deviate from the mixed strategy if:

(H-C—-AYa+2(tH-C)(1—a)>H—-C— A*

A*>H —2tH + C

The low-quality producer chooses (7H,0). From the second period, the
consumer is fully informed. In an equilibrium a low-quality producer
charges Pf = L and the consumer buys the good; Therefore, the firm’s
two-period profit is 27 H + L; If the firm deviates from this strategy and
chooses (H, A*) in the first period, then the consumer believes it is high
quality and purchases the good in the first period, yielding it a first year
profit of H — A*, and the firm’s two-period profit with advertising signal
isH— A"+ L.

Thus, the low-quality producer won’t unilaterally deviate from the strat-

egy if:
2TH > H — A*
A*>H —2TH

Thus, the game has an infinite number of hybrid equilibria if (211) is

satisfied:

Acmo > H — 97 H
{ SP2 = TH+C 211)

HC < pH < L

L<tH<2L-C
The high-quality producer sells products to Consumer 1 and 2 and sets
the new product’s price at L. If the firm chooses (H, A*) with probability
a, and chooses (L, 0) with probability 1 — «, its profitis (H — C — A*)a +
2(L—C)(1—a). Therefore, the firm’s two-period profitis (H —C — A*)a+
2(L—-C)(1—a)+ H —C; Thus, the high-quality producer won't unilaterally
deviate from the mixed strategy if:

(H-C—-A%%4+2(L-C)(1—a)>H—-C—-A*

A*>H -2L+C

The low-quality producer chooses (L, 0). From the second period, the
consumer is fully informed. In an equilibrium a low-quality producer
charges Py = L and the consumer buys the good; Therefore, the firm’s
two-period profit is 2L + L; If the firm deviates from this strategy and
chooses (H, A*) in the first period, then the consumer believes it is high
quality and purchases the good in the first period, yielding it a first year
profit of H — A*, and the firm’s two-period profit with advertising signal
isH— A"+ L.

Thus, the low-quality producer won’t unilaterally deviate from the strat-

egy if:
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2L > H - A*

A*>H —2L

Thus, the game has an infinite number of hybrid equilibria if (212) is
satisfied:

(212)

Agpo > H — 2L+ C
L<pH<2L-C

e TH >2L —-C

The high-quality producer sells a product to Consumer 1 and sets the
new product’s price at 7H. If the firm chooses (H, A*) with probability «,
and chooses (7H, 0) with probability 1 — «, its profitis (H — C' — A*)a +
(TH —C)(1—a). Therefore, the firm’s two-period profitis (H —C — A*)a+
(tH—-C)(1—a)+H—C; Thus, the high-quality producer won’t unilaterally
deviate from the mixed strategy if:

(H-C—-AYa+(tH-C)(1—a)>H—-C— A*

A*>H —-1H

The low-quality producer chooses (7H,0). From the second period, the
consumer is fully informed. In an equilibrium a low-quality producer
charges Py = L and the consumer buys the good; Therefore, the firm’s
two-period profit is 7H + L; If the firm deviates from this strategy and
chooses (H, A*) in the first period, then the consumer believes it is high
quality and purchases the good in the first period, yielding it a first year
profit of H — A*, and the firm’s two-period profit with advertising signal
isH—A*+ L.

Thus, the low-quality producer won’t unilaterally deviate from the strat-
egy if:

TH > H — A*

A*>H —7H

Thus, the game has an infinite number of hybrid equilibria if (213) is
satisfied:

Aépg > H—TH

pH >2L—-C
By considering Pareto efficiency selection criterion, both types of producer
would be better off playing A5y, = 0, which is a pooling equilibrium. There-

fore, hybrid equilibria are always Pareto dominated. O
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APPENDIX F. IN THIS APPENDIX WE SUPPLY THE PROOF OF LEMMA (8)

Proof. In the advertising signalling model, the equilibria which maximize the pro-
ducer profit are as below:

pH < €

A high-quality producer sets the pair at P (H) = H, A(H) = H — L and a low-
quality producer sets the pair at P, (L) = L, A(L) = 0. The profit of a high-quality
producer in two periodsis H — (H — L) — C' + H — C, the profit of a low-quality
producer in two periods is 2L.

% <pH<LL,

A high-quality producer sets the pair at P,(H) = pH, A(H) = 0 and a low-
quality producer sets the pair at P;(L) = pH, A(L) = 0. The profit of a high-
quality producer in two periods is 2(pH — C') + H — C, and the profit of a low-
quality producer in two periods is 2pH+L.

L<pH<2L-C,

A high-quality producer sets the pairat P (H) = L, A(H) = 0 and a low-quality
producer sets the pair at P,(L) = L, A(L) = 0. The profit of a high-quality pro-
ducer in two periods is 2(L — C) 4+ H — C, and the profit of a low-quality producer
in two periods is 2L+L.

pH >2L—-C,

A high-quality producer sets the pair at P,(H) = pH,A(H) = 0 and a low-
quality producer sets the pair at P,(L) = pH, A(L) = 0. The profit of a high-
quality producer in two periods is pH —C'+ H — C, and the profit of a low-quality
producer in two periods is pH + L.

In the price signalling model, the equilibrium which maximize the producer
profit is as below:

A high-quality producer sets the price at P (H) = £ and a low-quality producer
sets the pair at P (L) = L. The profit of a high-quality producer in two periods is
2(£ — C) + H — C, the profit of a low-quality producer in two periods is 2L.

The equilibria in the advertising signalling model is more efficient than the
equilibrium in the price signalling model.

U

APPENDIX G. IN THIS APPENDIX WE SUPPLY THE PROOF OF LEMMA (9)

Proof. Suppose separating equilibria do exist. The advertising strategies of a pro-

ducer to signal his quality would be to choose different advertising levels, where
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A(H) # A(L). Suppose that consumers hold beliefs that there exists a cut-off

advertising level A* such that:

if { A(q) < A* the producer is of low quality with probability 1 (214)

A(q) > A* the producer is of high quality with probability 1

For separation to be successful and a consumer’s beliefs to be confirmed, the
advertising signals A(H) and A(L) of high and low-quality types are simplified
by choosing from A* and 0. The consumer’s beliefs in this assessment are: if the
consumer observes A(q) = A*, then she must believe that the firm provides a
high-quality good, whereas if she observes A(q) = 0, then she must believe that
it is low quality.

For the high-quality producer, he sets the pair at (P (H) = L, A(H) = A*); Both
consumers buy the product. Consumer 1 makes H — L net utility and Consumer
2 makes 0 net utility. The high-quality producer’s net profit is 2(L — C') — A* in
the first period. In the second period, Consumer 1 is fully informed. The firm’s
two-period net profit is 4(L — C') — A*. If the high-quality producer deviates from
the strategy, which means he doesn’t invest on advertising, Consumer 1 won’t
buy it and only Consumer 2 buys the good. Then, two-period profit is 2(L — C).
So the high-quality producer will want to choose A* and won’t deviate if:

4L—-C)—A">2(L-C)

A" <2(L-0C)

For the low-quality producer, if the firm chooses A(L) = 0 in the first period,
then the consumer believes it is low quality, only Consumer 2 buys the product,
so its profit is L. In the second period, a low-quality producer charges P»(L) = L,
and therefore the producer’s two-period profit is 2L. If a low-quality producer
deviates from this strategy, then he chooses (P (L) = L, A(L) = A*) in the first
period, then both consumers purchase the good in the first period, yielding it a
tirst year profit of 2L — A*. Consumer 1’ s net utility is —L and Consumer 2’ s
net utility is 0. Consumer 1 won’t buy the product again after the quality is fully
revealed, only Consumer 2 buys the product with the price at L in the second
period. The firm’s two-period profit is 3L — A*. So the low-quality producer
won’t deviate if:

3L— A" <2L

AT > L,

Thus, there exist an infinite number of separating equilibria if (215) is satisfied:

L < Agw <2(L-C) (215)

Assume an A, € [L,2(L — C)], where:
2(L—-C)—Asp <2(L—-C)— A,
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L>2L—A,

Then a consumer should believe Pr(H | A(H) = A,) = 1, but then the high-
quality producer would be better off playing A, rather than Agg. Accordingly,
separating equilibria with Agg > A, fails to meet the Pareto efficiency. The lower
bound of Agr would be the most favourable solution. Therefore, there is a unique

separating equilibrium which satisfies the Pareto efficiency:
w=1 (216)

O

APPENDIX H. IN THIS APPENDIX WE SUPPLY THE PROOF OF LEMMA (10)

Proof. Suppose pooling equilibria do exist. Consumers hold beliefs that there
exists a critical advertising level A* which is sufficient high.

A(q) > A*  the producer is of high quality with probability 1
if § A(gq) < A* the producer is of high quality with probability p (217)
and of low quality with probability 1-p

Since advertising expenditure is infinite, two types of a producer would rather
choose the same advertising level A(q) < A* to signal themselves. The product
quality cannot be distinguished on the basis. Advertising doesn’t perform any
signal function and is a pure waste. The optimal level of advertising in a pooling
equilibrium is then A(q) = 0.

In a pooling equilibrium, under assumption 4, a high-quality producer sets a
new product’s price either at Customer 1’ s price expectation (see 201) or L. If
he sets the price higher than Customer 1" s price expectation, Consumer 1 won't
buy a product from him, a high-quality producer will lose his current and future
profit. A low-quality producer mimics a high-quality producer’s strategy.

In the first period, a high-quality producer sets the price at pH, he can sell
products to Consumer 1 and Consumer 2. In the second period, the product
quality is informed, a producer sets the price at L, he sells products to Consumer
1 and Consumer 2. His two-period profit is 2(pH — C) + 2(L — C). We already
knew maximum profit of two-period in a separating equilibrium is 2(L —C') — L+
2(L — C) ( more detail in Section 8), he won't deviate from this pooling strategy
if and only if he gains more profit from pooling than separating equilibrium:

2(pH —C)+2(L—-C)>2(L—C)— L+ 2(L—C) Thus, for PE to exist it must

be the case that:
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pH > £ For a low-quality producer, he sets the price at pH in the first period
and at L in the second period. His two-period profit is 2pH + L. His maximum
profit of two-period in a separating equilibrium is L + L ( more detail in Section
8), he won’t deviate from this pooling strategy if and only if he gains more profit
from pooling than separating equilibrium: 2pH + L > L + L. Thus, for the PE to
exist it must be the case that:

pH > %

Therefore, when pH is less than £, a high-quality producer would deviate from
pooling. A high-quality producer would be more willing to advertise to separate
himself from a low-quality producer. Pooling equilibrium doesn’t exist. Separat-
ing equilibrium Pareto dominates the pooling equilibrium. When pH is greater
than £, pooling equilibria Pareto dominates the separating equilibrium.

U

APPENDIX I. IN THIS APPENDIX WE SUPPLY THE PROOF OF LEMMA (11)

Proof. Suppose Hybrid equilibria do exist. There exists a cut-off advertising level
A*. Let us define a high-quality firm spends on advertising with the probability
a = Pr(A* | H) and the firm with low-quality products spends on advertising
with the probability § = Pr(A* | L). The producer has beliefs about how a con-
sumer will eventually play: the producer is believed to produce the high quality
with probability w if A(q) = A* is observed, and the producer is believed to pro-
duce the high quality with probability ¢ if A(H) = 0 is observed. A consumer
has beliefs about the type of the producer given the action she observes: these are
p=Pr(H| A(q) = A*)and 7 = Pr(H | A(q) = 0).
Hence by Bayes rule definition:

p=Pr(H | A(q) = A7)
Pr(A* | H)Pr(H)

“Pr(A* | H) Pr(H) + Pr(A* | L) Pr(L) (218)
. ap
~ap+B(1-p)

and
T=Pr(H|A=0)
B Pr(A(H)=0| H)Pr(H
" Pr(A(H)=0| H)Pr(H)+ Pr(A(L) = 0| L) Pr(L) (219)
(I—a)p

(I-a)p+(1-p8)(1~-p)
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When a high-quality producer chooses A(H) = A* and a low-quality pro-

p
ducer chooses A(L) = A"+ (1 — )0, we have o = 1,p = ——F—
(L) (1-5) T
p<p<l

Thus, the information set followed by A = 0 is reached only by a low-quality

, and

type, never by high-quality type, thatis 7 = 0, ¢ = 0. Given the above, the price in
the Hybrid Equilibria must be as follows: If consumer observes A(q) =0, P = L
, and if Consumer 1 observes A(q) = A*, the highest price she would accept is in

which her expected utility equals zero (See (221)):

E(Ve) =p(H — P) + (1 —=p)(0 - P) (220)
Then, we have:
PN = pH (221)
For a high-quality producer, he sets the pair either (pH, A*) or (L, A*). On the
basis of ASSUMPTION 4, there are three intervals:

o pH < %
Both producers will benefit from deviating from the Hybrid Equilibria.
The Hybrid Equilibria won’t survive. Then, to achieve an advertising Hy-
brid Equilibrium, pH must be greater than Z.

° % <pH <L
The high-quality producer sells products to Consumer 1 and 2 and sets the
new product’s price at pH. The high-quality producer will want to spend
A(H) = A* and won't deviate from this strategy if:

20p0H - C) - A" +2(L-C)>2(L-C)

A" <2(pH — ()

The low-quality producer chooses (pH, A*) with probability 3, and chooses
(L,0) with probability 1 — f, so its profit is (2pH — A*)3 + L(1 — /). From
the second period, the consumer is fully informed. In an equilibrium, a
low-quality producer charges Py = L; the producer’s profit is L. Thus,
the firm’s two-period profit is (2pH — A*)3 + L(1 — 3) + L. Therefore, the
low- quality producer won’t unilaterally deviate from the mixed strategy
if:

(2pH — A*)B+ L(1 - B) > L

A*<2pH — L

Thus, the game has an infinite number of hybrid equilibria if (222) is

satisfied:
At < min(2(pH — C),20H — L)

(222)
pH < 3

87



e pH > L
The high-quality producer sells products to Consumer 1 and 2 and sets the
new product’s price at L. The high-quality producer will want to spend
A(H) = A* and won't deviate from this strategy if:
2L-C)—-A"4+2(L-C)>2(L-C)

A* <2(L—-0)

The low-quality producer chooses (L, A*) with probability /3, and chooses
(L,0) with probability 1 — §, so its profit is (2L — A*)5 + L(1 — /). From
the second period, the consumer is fully informed. In an equilibrium, a
low-quality producer charges Py = L; the producer’s profit is L. Thus,
the firm’s two-period profit is (2L — A*)5 + L(1 — ) + L. Therefore, the
low- quality producer won’t unilaterally deviate from the mixed strategy
if:

(2L— A3+ L0 —B) = L

A" <L

Thus, the game has an infinite number of hybrid equilibria if (223) is
satisfied:

{ Agpy < min(L,2(L — C)) (223)

L<pH<L
By considering Pareto efficiency selection criterion, both types of producer
choose A§y, = 0. This is a pooling equilibrium. Hybrid equilibria are always
Pareto dominated.
Consider the situation in which a high-quality producer chooses A(H) = aA* +

1 — )0 and a low-quality producer chooses L — A(L) = 0, we have = 0,7 =
a ) q YP

(1 —a)p+(1—p)
Then, the information set followed by A* is reached only by high-quality type,

,and 0 < 7 < p.

never by low-quality type, thatis p = 1, @w = 1. Given the above, the price in the
Hybrid equilibria must be as follows: If consumer observes A(q) = A*, P/ = L
, and if Consumer 1 observes A(q) = 0, the highest price she would accept is in

which her expected utility equals zero (See (225)):
E(Ve)=1(H—-P)+(1-7)0- D) (224)
Then, we have:
Py =7H (225)

For a high-quality producer, he sets the price at either 7/ or L. On the basis of
ASSUMPTION 4, there are three intervals:

o < L

Hybrid Equilibria won’t survive.
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e L<TH<L

The high-quality producer sells products to Consumer 1 and 2 and sets the
new product’s price at 7H. If the firm chooses (H, A*) with probability «,
and chooses (7H,0) with probability 1 — «, its profitis (H — C' — A*)a +
2(tH — C)(1 — ). Thus, the high-quality producer won’t unilaterally de-
viate from the mixed strategy if:

2L-C)=AYa+2(tH-C)(1—a)>2(L-C) - A*

A*>9L —orH

The low-quality producer chooses (7H,0). From the second period, the
consumer is fully informed. If the firm deviates from this strategy and
chooses (H, A*) in the first period, then the consumer believes it is high
quality and purchases the good in the first period, yielding it a first year
profit of H — A*.

Thus, the low-quality producer won’t unilaterally deviate from the strat-

egy if:
2TH > H — A*
A*> H - 2tH
Thus, the game has an infinite number of hybrid equilibria if (226) is
satisfied:
1215];2 > max(2L —27H, H — 27H) (226)
5<TH<L
o TH > L

The high-quality producer sells products to Consumer 1 and 2 and sets the
new product’s price at L. If the firm chooses (H, A*) with probability «,
and chooses (L, 0) with probability 1 —«, its profitis (H —C' — A*)a+2(L —
C)(1—a). Thus, the high-quality producer won't unilaterally deviate from
the mixed strategy if:

(H-C—-AY%%+2(L-C)(1—a)>H—-C— A"

A*>H-2L+C

The low-quality producer chooses (L,0). From the second period, the
consumer is fully informed. If the firm deviates from this strategy and
chooses (H, A*) in the first period, then the consumer believes it is high
quality and purchases the good in the first period, yielding it a first year
profit of H — A*.

Thus, the low-quality producer won’t unilaterally deviate from the strat-

egy if:
2L > H — A*
A*> H — 2L
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Thus, the game has an infinite number of hybrid equilibria if (227) is
satisfied:

A S H 9L+ C
{ sp2 = + (227)

TH > L
By considering Pareto efficiency selection criterion, both types of pro-
ducer would be better off playing A%y, = 0, which is a pooling equilib-
rium. Therefore, hybrid equilibria are always Pareto dominated.

U
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