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Abstract

The purpose of this thesis is to shed light on how product complementarity affects
the variety of possible equilibrium outcomes in a vertically differentiated market.
Complementarity is not uncommon. Many vertically differentiated goods have value for
the consumer as complements, that is only if they are used in combination with other
goods which can also be of different qualities (e.g. piano with tuning service, business
trip with hotel accommodation, computing platform with web browsing application, etc.).

Complementarity between goods brings an exogenous expense that the consumer must
pay on top of the price of any of the goods available in a vertically differentiated market.
However, firms are only partially able to compensate consumers for the exogenous
expense by charging lower prices. Some might also be prompted to increase the qualities
of their goods. Then, however, the general validity of the maximum-differentiation
choice cannot be taken for granted as in the classical no-complementarity case. How
many firms will have positive market shares and whether they will serve all consumers
at equilibrium cannot be decided based only on the distribution of the consumer
identification characteristic (income or taste). By taking this into account, this thesis
reveals a set of possible equilibrium outcomes that have been (with few exceptions)
mostly omitted in the existing literature.

In the first essay, exogenous expense is modeled as a lump-sum tax imposed on
consumer incomes. The aim is to show that the maximum-differentiation principle does
not need to be an optimal quality-choice strategy at any size of the exogenous expense.
The larger the tax, the lower the ability (income) or willingness (taste-driven valuation)

of consumers to pay for a given level of quality. Accordingly, there is a critical size
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of exogenous expense, above which the entrant with smaller quality choice is forced to
increase the quality of its good, in order to keep consumers interested in buying. Hence, its
good should not be maximally differentiated from the higher-quality good at equilibrium.

In the second essay, a multi-market setting is introduced in which two complementary
types of goods are sold independently by single-product firms but consumed in a fixed
one-to-one ratio. That is, any two goods of a different type form a pairwise combination.
As aresult, the good of each actual entrant could be present in more than one combination.
In this new setting it is shown that the well-known maximum-differentiation principle
could take a new form. Specifically, firms prefer to choose prices at which the so called
“mixed-quality combinations”, consisting of one high-quality good and one low-quality
good each, remain unsold.

In the third essay, again a dual-market setting is analyzed, but one of the firms
is assumed to be a potential entrant in both markets. It could face competition
from a potential superior-quality entrant in one of the markets, and from a potential
inferior-quality entrant in the other market. The aim is to check if, at equilibrium, the
multi-market entrant could effectively deter entry in either of the two markets by selling
its goods only together in a bundle. The results imply that, on the one hand, the entry
of the superior-quality entrant should never be excluded, as long as it could enhance the
quality of the multi-product firm’s bundle, because both firms would then gain. On the
other hand, the entry of the inferior-quality entrant can be deterred via bundling. However,
the entry-deterrence outcome at equilibrium appears to depend in the first place on the
variability of consumer tastes and the quality differentiation of the available combinations,

rather than on the pricing or bundling strategies of the multi-product firm.
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Abstrakt

Cilem této prace je objasnit, jak komplementarita statki ovliviiuje rovnovahu
na vertikdlné diferencovanych trzich. Komplementarita neni neobvykld. Mnohé
diferencované statky predstavuji z hlediska spotfebitele komplementy, to znamena, Ze
jsou uzivany pouze v kombinaci s jinymi statky, které také mohou mit rtiznou kvalitu
(napf. klavir a sluzby ladice, pracovni cesta a ubytovani, pocitaC a internetovy prohlizec¢
apod.).

Komplementarita mezi statky predstavuje exogenni ndklad pro spotiebitele, ktery je
treba zaplatit navic k cené jakéhokoli dostupného statku na vertikdlné diferencovanych
trzich. Schopnost firem kompenzovat tyto zvysené naklady spotiebitele tim, Ze uctuji
nizsi ceny, je vSak pouze omezend. Nékteré firmy jsou také nuceny zvysit kvalitu
zbozi, které nabizi. Pak ovSem jiZ neplati obecny princip vybéru maximalizujiciho
diferenciaci. To, kolik firem bude mit kladné trZzni podily a zda budou obsluhovat
vSechny zakazniky, neni mozné urcit pouze na zakladé rozdéleni charakteristik zakaznikt
(prijmu nebo preferenci). Pii zohlednéni téchto fakt( tato prace diskutuje mnozstvi
moznych rovnovaznych feSeni, které byly (aZ na par vyjimek) v existujici literatufe dosud
ignorovany.

V prvnim ¢lanku jsou exogenni ndklady spotiebitele modelovany jako jednordzova
dan uvalend na pfijem spotiebitele. Cilem je ukdzat, Ze princip maximélni diferenciace
nemusi byt optimdlni strategii pii kvalitativnim vybéru pro libovolnou troven exogennich
nakladi. Cim je dati vy$i, tim niZ3i je schopnost (pifjem) nebo viile (dand preferencemi)
spotiebiteld platit za kvalitu. Z toho plyne existence kritické drovné exogennich ndkladu,

nad kterou je firma nabizejici niz${ kvalitu nucena zvysit kvalitu svého zboZi, aby udrZela
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zajem spotiebitele toto zboZi koupit. Proto v rovnovdze dané zboZi nutné nemusi byt
maximalné diferencované od zboZi vyssi kvality.

V druhém clanku je prfedstaven ramec vice trhili, na kterych jsou prodavany dva
komplementarni druhy statkd, nezdvisle prodavané firmami produkujicimi jediny statek,
ovSem konzumované v poméru jedna k jednd. To znamend, Ze kazdé dva statky rtizného
druhu tvofi vzdjemnou kombinaci. Ve vysledku tak statek nabizeny kazdou z firem miize
figurovat ve vice neZ jedné kombinaci. V tomto novém usporadéni je ukdzéano, Ze princip
maximalni diferenciace miize nabyt nové podoby. Firmy davaji pfednost cendm, pfi nichZ
takzvané “kombinace smiSené kvality”, obsahujici jeden statek s vysokou a jeden s nizkou
kvalitou, nejsou proddvany.

Ve tfetim ¢lanku je op€t analyzovan ramec vice trhli, ovSem jedna z firem je od pocatku
pfitomna na obou trzich. Na jednom z trhti ¢eli hrozbé vstupu potencidlniho konkurenta
nabizejiciho zbozi vyssi kvality, na druhém z trhi Celi hrozbé vstupu potencidlniho
konkurenta nabizejiciho zbozi niz§i kvality. Cilem je ukazat, zda by takova firma mohla
na kterémkoli z trhi odradit konkurenta od vstupu na trh tim, Ze bude své zboZzi prodavat
pouze v kombinaci. Vysledek ukazuje, Ze na jedné strané nikdy nelze zabrénit vstupu
konkurenta s vySsi kvalitou, pokud tento vstup posili troven kvality kombinace nabizené
pivodni firmou, protoze v takovém pripadé benefituji obé firmy. Na druhé strané je
kombinaci zboZzi moZné zabranit vstupu konkurenta s nizZSi kvalitou. Tato schopnost
zabranit vstupu konkurenta vSak zdlezi predevs§im na rliznorodosti spotiebitelskych
preferenci a na diferenciaci kvality spiSe nez na cenové a nebo kombinacni strategii

pavodni firmy.

X1V



XV



XVi



1 Exogenous Expenses in Industries With Vertical

Product Differentiation and Quality Constraints

In this paper we study how an exogenous expense of owning a market good affects the
equilibrium outcome in a market with vertical product differentiation; i.e. consumers
differ by income but have identical preferences for the good’s quality. For simplicity, the
additional expense is modeled as a lump-sum tax on the consumption of the market good.
Another novelty is that each firm is assumed to face an individual constraint representing

the best quality it could produce.

We identify three possible subgame-perfect equilibrium outcomes dependent on the

amount of the exogenous expense.

First, at a small exogenous expense tending to zero, quality choice is characterized by
maximal product differentiation, and all consumers buy one of the two qualities in the
market. Second, at a medium exogenous expense, some low-income consumers refrain
from buying, which incentivizes the producer of the low-quality good to decrease the
quality difference from the high-quality good. Third, at a large exogenous expense at
which the consumers of the low-quality good cannot afford it, the market is monopolized

by the high-quality firm.

The results imply that a lump-sum tax of a moderate size might stimulate the low-quality
producer in a vertically differentiated market to raise the quality of its good, which has
interesting implications about the potential welfare-improving role such a tool could have

in an economy with vertically-differentiated industries.
Keywords: vertical product differentiation, commodity taxation, market participation,
blockaded entry

JEL classification: L11, L13, L15



1.1 Introduction

In industrial organization theory, markets in which consumers differ by income! but
have the same preferences for the distinct qualities of the goods offered are defined as
vertically differentiated markets. Gabszewicz and Thisse (1979) as well as Shaked and
Sutton (1982, 1983) suggest three standard assumptions that need to hold for an industry
to be modeled as a vertically differentiated market: heterogeneous consumer incomes,
unanimously agreed ranking of the goods by quality, and indivisible and mutually
exclusive purchases (i.e. consumers buy only one unit of the good or none). Examples of
industries that possess these three characteristics are the automotive industry, real estate,
furniture manufacturing, travel, and electronics. Most of these industries, however, share
also a characteristic which is not assumed in the existing models of vertical product
differentiation. Namely, consumers encounter extra expenses of owning and using the
goods supplied by these industries. For instance, in an example given by Gabszewicz and
Thisse (1979) about how a pianist makes a buying decision in the market for pianos, the
expenditure incurred by the pianist actually includes not only the producer’s price of the
piano itself as assumed in the existing models, but also sales tax, the transportation fee to
move the piano from the shop to her (or his) home, the fee for the piano technician to tune
it after transport, the warranty against hidden defects that might be revealed after the sale,
insurance against damage due to external factors like fire or flood, spare keys and strings,
etc.

In this paper, we address the issue with the previously unexamined effect of exogenous

'In the first model of vertical product differentiation developed by Mussa and Rosen (1978) consumers
differ not by income but by taste for quality. However, Tirole (1988) shows that the consumer’s taste variable
introduced by Mussa and Rosen (1978) gives the reciprocal value of the marginal rate of substitution
between income and quality. Intuitively speaking, wealthier consumers value money (income) less and
are therefore more willing to pay for an additional unit of quality. See Tirole, 1988, pp. 96-97.



expenses in vertically differentiated markets by adding a fourth assumption to the three
standard ones. We introduce a stylized model of a vertically differentiated market where
consumers are assumed to face a fixed exogenous expense of owning the good purchased
in the market.

Another novelty of our approach is the imposition of exogenous constraints on the
quality choices of firms. The range from which a firm can choose the quality of its
good is restricted individually from above and universally from below. This assumption
reflects better the actual choice of a firm. Manufacturers are never free to increase the
quality of their goods infinitely and usually differ in their technological frontiers. That
is, for some period of time the highest feasible quality for a firm might be unachievable
for others in the market due to patent protection or limited access to scarce high-quality
resources necessary for its production. In many industries there are also minimal (safety,
hygiene etc.) requirements for the quality of a product in order for it to be approved
for sale. Distinct from the technological quality restrictions, however, these minimal
requirements must ideally apply the same to all firms in the industry. Further, the
restriction of the quality choices of firms makes it possible to unambiguously identify
each potential market entrant with the quality rank that its good would have after entry.
This makes it possible to explicitly describe how the size of the exogenous expense
that consumers face affects the optimal quality choices of firms, that is, the optimal
differentiation of the goods offered in the market.

The solution of our model allows us to explore the effect of the size of the exogenous
expense on the corresponding equilibrium outcome while using the standard outcome in
the case without exogenous expense as a benchmark.

The standard outcome of the solutions of the models of vertical product differentiation



is that the structure (respecting the number of firms) and the coveredness” of the market
at equilibrium do not depend on the quality differences between goods. Instead, they are
fully determined by the length of the support interval of the distribution of the consumer

3 ensures that

incomes. Particularly, a sufficiently narrow spread of consumer incomes
even the lowest-income consumer will prefer to buy the second-best quality in the market
rather than to choose the worse quality of a potential third entrant or another non-market
option. Thus, at equilibrium the producer of the second-best quality does not face a
competition from a lower-quality good. Accordingly, it would be optimal to maximally
differentiate the quality of its good from that of the best-quality producer, which is its
only competitor. This solution holds at equilibrium because the quality differentiation
strictly relaxes the competition between the best producer and the second-best producer.
Thus, the larger is the difference between the qualities of the products of the two firms,
the higher will be both their profits. Accordingly, maximal differentiation implies corner
solutions in qualities. That is to say, one of the entrants chooses to produce the highest
possible quality while the other chooses to produce the lowest possible quality that still
distinguishes its good from its best non-market substitute.

Our main objective is to show that the presence of an exogenous expense could lead
to an equilibrium outcome where the lowest-income consumers would find the outside

option more attractive than the second-best quality in the market. We identify a range of

values of the size of the exogenous expense at which even when the spread of consumer

By “coveredness” of the market we mean a characterization whether at equilibrium all consumers
willing to buy the market good purchase one of the available qualities so that market (demand) is ”covered”
or there are consumers who choose the outside option (the best free non-market substitute) instead, so that
the market (demand) is ’non-covered”.

3Shaked and Sutton (1982) prove that to have a covered duopoly market at equilibrium given the uniform
distribution of consumer income, it is necessary and sufficient for consumer income to have a support
interval with a right endpoint which is more than two times but at most four times as large as its left
endpoint. The duopoly result (i.e. with finite equilibrium number of entrants) holds even for the case of
free entry; that is when sunk cost is assumed to tend to zero.



incomes is still sufficiently narrow to prevent the entry of a third entrant, a non-covered
duopoly equilibrium exists. That is, at these values the producer of the second-best
quality faces a competition not only from the best-quality good in the market but also
from a worse-quality non-market good, the free outside option. As a result, the maximal
differentiation will no longer be an optimal choice for both firms in the market. One
of the entrants, which we call the high-quality producer, will still choose to produce the
best possible quality, but the other, which we call the low-quality producer, will deviate
from the corner solution in favor of an internal solution. In particular, at equilibrium the
low-quality producer will not choose a quality for its good which is the closest possible
to that of the outside option, but one that is significantly higher though still below the
quality of the best good in the market. This solution will hold because by choosing a
quality in-between the other two available options in the market, the low-quality producer
does indeed distinguish its product not only from the best good in the market but also
from the outside option. So, here we do not have the classical single-competitor story, but
one where the low-quality producer needs to differentiate the quality of its good from that
of two competitors. This two-competitor differentiation relaxes the competition which
the low-quality firm faces, thus allowing it to maximize its profit.

In our paper, we have chosen to model the exogenous expense in a vertically
differentiated market as a lump-sum tax on consumption of the market good. The
motivation for our choice comes from the fact that the expenses consumers pay on top of
the producer’s price can be divided into two categories: expenses that vary with the quality
of the good (e.g. sales tax, insurance premium, spare keys and strings) and expenses that
are constant in the good’s quality (e.g. transportation fee, tuning fee). Accordingly, the

first category could be modeled as an ad valorem tax or specific tax on consumption



or production which is already explored in the existing literature, whereas the second
category is more appropriately modeled as a lump-sum tax on consumption.*

The competition effect of proportional taxation on production in vertically
differentiated markets is extensively studied in the literature. Particularly, Cremer and
Thisse (1994) show that by its proportional negative effect on the marginal revenue,
an ad valorem tax will mitigate the quality advantage of the high-quality producer at
a covered-market equilibrium, while Constantatos and Sartzetakis (1999) show that if
the market is not covered, this will result in increased entry of lower-quality producers.
Brécard (2008) compares the effects of the ad valorem tax to the effects of the specific
tax imposed on the producer per unit of its good sold. Both tax regimes have influence
on firms’ revenue because ad valorem tax is proportional to price, while specific tax is
proportional to the market share. The results imply that these taxes negatively affect
demand, qualities, differentiation and profits of the two firms in the market.

To our knowledge, the competition effect of lump-sum taxation on consumption in
a vertically differentiated market has not been studied in the existing literature. In our
model, because we impose a lump-sum tax on consumption, the equilibrium price does
not change due to an increase in firm’s cost, that is by shifting the individual supply curves
up, instead, it negatively affects the buyer’s net income, which shifts the residual demand
curves down. As a result, we are able to study the equilibrium solution in a setting largely
consistent with the original model of Shaked and Sutton (1982), so that we do not need
to relax even its simplifying assumption of zero unit production cost. This allows us to
identify a direct relationship between the size of the tax and the shift from a covered

to non-covered duopoly market, given free entry. It also enables us to describe more

4We are grateful to Jakub Steiner for pointing out the similarity between exogenous expense and
lump-sum consumption tax in his comments to an earlier version of the present paper.



precisely the competition mechanism that leads to a decrease in the quality differentiation
between the two goods in the market. As noted above, at a tax size at which the market is
not covered, the low-quality producer faces competition from the outside option, which
gives it an incentive to lessen the difference of its products from that of the high-quality
producer.

Our results suggest the existence of three distinct equilibrium outcomes dependent on
the amount of the lump-sum tax imposed on consumers.

The first equilibrium outcome is similar to the case of proportional taxation in the
model of Cremer and Thisse (1994). For a small lump-sum tax tending to zero, the
equilibrium outcome is a covered duopoly. Only the demand share of the high-quality
firm decreases proportionally to the amount of the exogenous expense in favor of the
market share of the low-quality producer.

The second equilibrium outcome corresponds to a medium-sized lump sum tax which
does not tend to zero but is still below the level at which all consumers who would
otherwise buy the low-quality good cannot afford it. As a result, some (although not
all) of the consumers of the low-quality firm switch to the free outside option and the
market is a non-covered duopoly at equilibrium. This is the equilibrium outcome, which
is of primary interest in our paper because it implies an internal solution for the quality
choice of the low-quality firm.

The third equilibrium outcome occurs at and above the lump-sum threshold, where
only consumers who prefer the high-quality good buy in the market, while the rest choose
the outside option. As a result, the producer of the low-quality good cannot make positive
sales. Therefore, the low-quality firm loses incentive to enter the market and there is a

non-covered monopoly structure at equilibrium.



The paper is organized as follows. In section 1.2 we introduce the model of a vertically
differentiated market with lump-sum taxation on consumption. In section 1.3 we present
each of the three equilibrium solutions and derive the respective conditions for their
existence in terms of the tax size, income distribution and quality constraints. Section 1.4

summarizes the results and discusses their implications.

1.2 The Model

Here we introduce a model of a market for vertically differentiated goods with a lump-sum
tax imposed on consumers who buy them. To allow for direct comparability, the notation
of the common terms is held the same as in Shaked and Sutton (1982).

Consider N independent firms who are potential entrants to the market. They face the
following three-stage game:

Stage 1: Firms simultaneously decide to enter the market or not.

Before making an entry decision each potential entrant is assigned an individual
exogenously defined upper bound on its quality.’ Each potential entrant is identified by

the sequential number n € [1,N] of its quality upper bound (iz,) in descending order:

Uy >y > U3 > o>y > Upy) > .0 > UN (D)

where:
it, - upper bound on quality choice withrankn,n=1,2,...,N.
Based on its assignment, each firm independently decides whether to enter the market

or not. In the real world firms may face quality constraints as in (1) if, for example,

>This assumption ensures only distinct quality choices in equilibrium. For a solution without quality
constraints which also allows for classical Bertrand homogeneous-good equilibrium, see Shaked and
Sutton, 1982, p.10.



quality-enhancing technologies are patent-protected®.

Stage 2: Entrants make a quality choice simultaneously.

Let K entrants be in the market after the first stage, K < N. Each actual entrant
is identified by the sequential number k € [1,K] of its quality upper bound (ii,,) in a
subsequence of the initial sequence in (1). The subsequence is formed by arranging
in descending order the quality bounds of the actual entrants only.” Accordingly, each
entrant k chooses the quality uy (k = 1,2, ..., K) of its good so that the following inequality

must hold:®

g < ity k=1,2,...K,K <N )

where:

uy - quality choice of entrant with upper bound re-ranked to k

iiy, - k-th element of sub-sequence from sequence {i, })_,

Stage 3: Firms compete in prices simultaneously

Each firm makes a take-it-or-leave-it offer in the form of quality-price pair. For
simplicity, as in Shaked and Sutton (1982), the production costs are assumed to be zero.
Therefore, each firm sets the price that maximizes its revenue as follows:

maXRk:kak(pl,...,pk,...,pK),k:1,...,K (3)

Phk,Uk

where:

%For a stylized model of patent race see Loury (1979).

7 Alternatively, qualities could be indexed in ascending order as in Shaked and Sutton (1982). Here, we
arrange them in descending order, to make indices independent on the number of entrants so that the entrant
with highest quality is always indexed by number 1, the entrant with the second-best quality is indexed by 2
and so on till the last entrant, who is indexed by K.

8In our model, the rank k of a good in the quality constraint sequence is meant to play the same role
of a unique quality identifier as its brand does in the real world. Hereby, we are able to unambiguously
determine which potential entrant will enter as a quality leader, and which one as its immediate follower.



Ry - revenue of the entrant providing good with quality rank k in the market,
k=12,..,K

P - price of good with quality rank k

Dy (p1, - Pks ---, P ) - demand for good with quality rank k

The demand for a quality-ranked good coincides with the number of consumers who
choose to buy it. This is implied by the standard assumption that consumers make
indivisible and mutually exclusive purchases (i.e. buy one or none) from among the K
qualities available in the market.” Consumers are also assumed to form a continuum so
that there is no difference between market share and demand for quality. To explicitly
derive the market shares of the qualities in the market, the consumer’s side of the market
is defined below.

Consumer’s preferences are given by the following utility function of a simplified

Cobb-Douglas form:

U (k,x) = ux “)

where:

U (k,x) - utility function of a consumer who buys a good with quality rank &

x - the consumption of all the other ("’non-quality’) goods represented by the quantity
of a composite good that is accordingly taken to be a numéraire good with a unit price.

We have twofold reason to choose the functional form in (4). Intuitively, consuming
a better quality good should enhance the comfort and enjoyment of the other goods

consumed together with it. Therefore, it makes sense to assume that the quality variable

9 __this is necessarily the case if the choice of a consumer concerns indivisible products which, by their

very nature, are either bought in a single unit of a single brand or not bought at all. So are cars, TV’s,
washing machines, stereo chains, pianos, a.s.0.” (Gabszewicz and Thisse, 1979, p. 340).

10



uy 1s an augmenting factor of the quantity variable x. The second argument to choose the
functional form in (4) is that the exact indirect utility function introduced by Shaked and
Sutton (1982) could be derived from it, as shown below.

We make a simplifying assumption common for the non-representative consumer
models of product differentiation. Specifically, that the identifying characteristics of
consumers, which in our model is their gross income, is assumed to be uniformly
distributed according to a density that equals unity on some support 0 < a <t < b.
Respectively, each consumer maximizes her/his utility subject to the following budget

constraint:

pr+x<t—-T 5)

where:

t - gross consumer income, ¢t ~ U [a, b]

T - amount of the lump-sum tax imposed on the consumption of the market good.

So long as both prices are positive and smaller than the income, the consumer problem
has an internal solution, so that the budget constraint is binding. This allows the amount of
the numéraire good consumed to be expressed through the prices and consumer’s budget

as follows:

x=t—T—p; (6)

Substituting for x in the objective function yields the following unconstrained

11



consumer’s optimization problem:
m]leU(kJ)Zuk(f—T—Pk) (N

This reduced-form utility function is directly assumed to represent the common
consumer preferences by Gabszewicz and Thisse (1979) and Shaked and Sutton (1982).
The value function that corresponds to the solution gives the indirect utility
function Vi (¢, py).

To rule out a situation where a consumer participates in the market although her/his
budget cannot cover the price plus tax of either of the available qualities, a free
non-taxable outside offer is also made available to the consumers. It has a quality of
ug and zero price py = 0 at which the utility function in (7) takes the following reduced

form:
U (k=0,t) = upt (8)

Note that the utility from the outside option is always non-negative even when the
consumer who chooses it has zero gross income.

The derivation of the quality demands follows from the solution of the optimization
problem in (7). Note that (7) implies that the utility from a good with quality rank k
increases linearly in the gross income of the consumer. Therefore, on figure 1, the curve
representing the utility from quality u; as a function of a consumer’s gross income is a

straight line.!”

10A graph similar to Figure 1 has been employed by Giannakas (2011) to illustrate the derivation of
market shares in a model of a vertically differentiated market without additional expense and outside option.
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Figure 1: Deriving the quality demands as solutions to the utility-maximization problems

The market share of quality u; is given by the intersection of the two subsets
[tk Sk 15Tk /k] and [ a,b |that gives the subset of the feasible consumer incomes at

which its utility (line) is the highest. D,({C’k) represents the market share of u; when

(NCk)

it covers the market (tk Skl S a). D, represents the market share of u; when it

is the lowest quality but the market is non-covered (¢, /o > a). D(>k) represents the
q y k/0 A p

market share of u; when there is a lower quality u; (K > k).

On Figure 1, the crossing point between any two utility curves gives the marginal gross
income at which a consumer would be indifferent between the qualities they represent.
Particularly, at marginal income #;_; ; the consumer is indifferent between quality uy—;
and quality u; while at marginal income #; /., | the consumer is indifferent between quality
uy, and quality uy .

The assumptions for unit-consumption and uniform distribution of incomes in the
interval [a,b ] imply that the market share of quality u; is given by the intersection

of the two subsets of the set of possible consumer incomes, [tk Sk 1Tk /k} and [a,b].
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Accordingly, there are three possibilities.

First, if the marginal incomes 7,1, and #; /5,1 belong to the support interval of the
consumer income distribution, #; /41 € [a,b | Aty_1 /¢ € [a,b], both w; and w1 would
have positive market share so that 1y, is not the lowest quality in the market, (K > k). To
distinguish the market share in this case, we denote it by (> k).

Second, if 71 belongs to the support interval of the consumer income distribution
and t; /.y is excluded from it, #_y ) € [a,b ] Aty & [a,b], w will be the lowest
quality with positive market share. Given that the lowest-income consumer prefers it to
the quality of the outside option ug, 1.e. ;o < a, it will also cover the market. Therefore,
we denote this case by (C k).

Third, when uy is the lowest quality with positive market share but the lowest-income
consumer prefers the outside option ug to it, i.e. /o > a, the market is not covered. We
denote this case by (NC_k).

Hence, the market share of quality uy,k = 2,...,K, is represented by the following

conditional equation:

.

Ck :
D,(c ) = h—1/k — @ g <tgjo < a<ty_y <b
NC _k .
Dl(< )Zlkfl/k_tk/o’ if t 1 <a<tyjo <ty <b
Dy = )

>k i
D;(C ) = le—1jk — lefkrts I max(iegj0,a] <tigrgr <terje <b

0, iftk/k+1 < tkfl/k <a<b

where:
Dj. — demand share of good with quality rank k, k =2,...,K
(Ck)

D, ™’ — demand share of good with quality rank k when it covers (C) the market,

i.e. tk/k-l—l <a,k=2,....K
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D,(CNCJ{) — demand share of good with quality rank k£ when it has the lowest quality but

the market is non-covered (NC) (/9 > a)

D,((>k) — demand share of good with quality rank k£ when its quality is not the lowest in
the market (K > k)

We ignore the case when 7/, belongs to the support interval of the consumer
income distribution and #;_;/; is excluded from it, # /i1 € [a,b]Uti_y) & [a,b],
because by definition this cannot be an equilibrium outcome. The higher quality rank
(as unanimously agreed by all consumers) of u;_; relative to u; implies that the former
cannot be efficiently undercut by the latter at equilibrium. On the contrary, even if quality
uy— is priced slightly higher than uy, it would still be preferred by the consumer at any
income level.

When k = 1, however, there is no better quality in the market, so its demand share is

bounded from above by the maximum income b itself, as shown below:

Dgck):b_a, if 1), <tyjg<a<b
D,ENC’k)Zb—ll/Oa iftr), <a<ty<b
D (10)
Dl(<>1) =b—ty)s, ifmax[tz/o,a] <tjp<b
0, ifa<b<f1/2

Finally, the demand functions Dy (py, ..., pt, ---, Pk ), k = 1,..,K, in (3) can be derived
in explicit form by expressing the demand shares in (10) and (11) in terms of prices. For
the purpose, we need to first express the marginal incomes. The general expression for

the marginal consumer’s income #; ;| can be derived by equalizing the utility function
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as defined in (7) for u; and uy ;:

U (ktijis1) = U (k4 1t /is1) (11)

which after being solved for 7 ;1 in explicit terms yields the following result:

Uk 1Pk+1 — Uk Dk
Tk ji+1 = - +T (12)

where:

Ik /k+1 - the marginal gross income that would make a consumer indifferent between
buying quality u; or quality uy, | at the market prices at which these qualities are supplied
given the lump-sum tax 7.

The expression for the income at which the utility curves of u; and uq cross each other

can be derived in the same way:

u u
o = KPR W g (13)

Up— Uy U — U

The result in (13) differs from (12) because the outside option is free and non-taxable.
The corresponding double-kinked demand curve of u; is given by the following

expression:

(

Ug—1Pk—1—UkDk +T
—_— - JE— a
Ug—1— U !

if pr < pr (Ck)

Uk_1Dk-\ —UkPk _ WDk _Uo T ifﬁk<Pk<ﬁk (NCk) k=2,...K

Ug—1— U Ug—uo  Ug—uo~ ’

D= (14)

W1 Pk—1 —UWkPk  UWkDPk—Ug41Pk+1 e A =
= iy e <pe<pr (>k)

0, if pr > px
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where:

A, — Uk—Uo

b=~ —a— T — price level at which there is a kink in the demand for the good with

quality rank k because below that price it covers the market.

b = Ujer 1 (g —1t0) Prey 1+t (ux—ttg1) T
k uy (U1 —uo)

— price level at which there is another kink in the
demand for the good with quality rank k because below that price it undercuts the goods

with worse qualities in the market.

P = g1 (U= Uy 1) Pre— 1 F g 1 (U—1 —Uk) Pl 1
e (g —1 =y 1)

— price level at and above which for any
consumer’s income the good with quality rank k is less preferred to its nearest competitor
by rank, which excludes it from the market.

The if-conditions in (14) can be also imposed on 7. For example, the condition for the

market to be covered by the last entrant K is:

Tgwa_pgfl() (15)
Ug
where:
p%c K) _ optimal price of the last entrant with quality rank K if it is expected to cover
the market

Similarly, the condition for the market to be non-covered by the last entrant K is:

Uug — U
7> KR, pINEK) (16)
Uk
where:
(NCK) . . . . o
Px — optimal price of the last entrant with quality rank K if it is expected not to

cover the market
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The demand function for the best quality in terms of prices is also double-kinked:

b—a, if p1 < p1 (C-1)

T L A N
— e —ats, i <pi<pr (N
Dy = a7

b—%—ﬂ ifpr<pi<p (>1)

0, if p1 > pi

where:
p1= %a — T — price level at which there is a kink in the demand curve of the good

with quality rank 1 because below that price it covers the market.

up (ug —uo) pa+ug(uy—uy)

4 (u3—u0) r_ price level at which there is another kink in the demand

p1=
curve of the good with quality rank 1 because below that price it undercuts the goods with
worse qualities in the market.

_ —up)(b—T . . v s
p1 = ”2p2+(”‘u1“2)( ) _ price level at and above which for any consumer’s income

the good with quality rank 1 is less preferred to its nearest competitor by rank, which
excludes it from the market.

Note that both the expressions in (14) and (17) consist of three distinct linear functions
that are related differently to price and tax. For example, the (C_k) segment of the
conditional demand function in (14) is less sensitive to price p; (i.e. steeper) than the
(NCk) segment. The former is positively related to the amount of the lump sum (i.e.
parallelly shifting to the right when T increases) while the latter is negatively related
to the amount of the lump sum (i.e. parallelly shifting to the left when T increases).
Therefore, at different amounts of the lump sum, the residual demand curves change not
only their locations but also their shapes, which implies a difference in the segment to

which the optimal solution belongs.
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In the next section, we apply the concept of Selten’s (1975) subgame perfect
equilibrium and solve the model by backwards induction to identify three distinct optimal
outcomes characterized by the structure and the coveredness of the market at different
lump sums of the tax on consumption.

We first derive the conditions on a, b and T for having a covered duopoly outcome
at equilibrium and show that it is not independent of the quality choices of the
entrants. Further, we specify the conditions on the individual quality upper bounds for
having alternative equilibrium solutions at larger amounts of the lump sum, respectively

non-covered duopoly and non-covered monopoly.

1.3 Equilibrium Solutions

1.3.1 Covered Duopoly Equilibrium With Small Lump-sum Tax

Given K entrants in the market, we can explicitly express their revenue-maximization

problems by substituting for the demand function from (14) and (17) in (3):

A uipy —uzp2
maxR, = p; | 6 — LPL"12P2 (18)
P1,u1 upy—up
Up—_1Pk—1— U Uk Pk — Uk+1Pk+1
maka:pk< k—1Dk kPk Uk — Uy 1 Pict ),k:Z,...,K—l (19)
Pi>Uk Up_1 — U U — Up11
UKDPK—UK+1PK+1 : Ug—uo ,
pK( U a), if px < i a T
max Rg = (20)
PK UK
UKPK —UK+1PK+1 _ UKPK : Ug—ug , __
pK( UK —UK+] uk—uo> ’ lpr > ug a—T
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The optimal solution for prices in the last subgame implies the following sequence of
inequality relationships between the marginal incomes #; ;1 and the endpoints a and b

of the support interval of the consumer income distribution:!!

b> 2l1/2—T > 4l2/3 3T > .. > 2kl'k/k+] — <2k— 1) T >

§ 2K-1g— 2K-1 _ 7, if pg *) < g 1)
a 2K _ug—(2K-1-1 .. (NCK _
2K, o~ ( ( )”SK_(MO )”O)T, if p% ) > —“Kuk”oa -T

Hence, if the maximum income b satisfies the constraint below:

b<4a-3T (22)

the following inequality would characterize the equilibrium with more than two entrants:

a>tk_1/k>tk/0,k:3,...,Kf0rK>2 (23)

That is, when (22) holds for all firms that decide to enter the market in the first stage,
at most two would have positive market share and therefore would remain in the market
at equilibrium. Note that this result is not affected by the coveredness of the market. So,
(22) would ensure efficient foreclosure of a potential third entrant (a > ¢, /3) even in the
case of non-covered equilibrium market outcome, which is studied in the next subsection.

In this subsection, we are interested in the conditions for having a covered duopoly at
equilibrium. Therefore, we assume that condition (22) holds and the market is covered by

two entrants with ranks 1 and 2, respectively. The corresponding subgame equilibrium is

"'The result in (21) is derived from the system of revenue-maximizing first-order conditions with respect
to prices as in Shaked and Sutton, 1982, p.5.
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given by the following expressions for the optimal prices in terms of the qualities of the

goods the two firms offer:

(C2) _(C2)
p(az) B (2b—a—T) (”1 — iy )
L=
3u§c’2) 24)
(€2) _ (C2)
p(cz)_(b—2a+T) (”1 —u, )
5 =
3ugc’2)
where:
p(ICl) — price choice of firm 1 in the case of a covered duopoly equilibrium
pgc,z) — price choice of firm 2 in the case of a covered duopoly equilibrium
ugc,z) — quality choice of firm 1 in the case of a covered duopoly equilibrium
ugc,z) — quality choice of firm 2 in the case of a covered duopoly equilibrium
The optimal expressions for demands are:
1
p\¢? = (b —a~T)
| (25)

DY = Z(b—2a+7)
where:
DEC’Z) — market share of firm 1 in the case of a covered duopoly equilibrium
Dgc,z) — market share of firm 2 in the case of a covered duopoly equilibrium

Both expressions in (25) are positive if the maximum income b satisfies the constraint

below:

b>2a—-T (26)
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Combining conditions (22) and (26) gives us the following inequality:
2a—T <b<4a—-3T 27)

that must be satisfied for having two entrants with positive market shares at equilibrium
provided that the market is covered. Note that in case of zero additional expense to
the consumer, 7=0, the inequality in (27) coincides with Shaked and Sutton’s (1982)
condition for a covered duopoly equilibrium. Distinct from this, however, there are some
sufficiently large positive values of T for which (27) would not hold. For its right-hand
side to be larger than its left-hand side, the tax should not exceed the minimum consumer

income a.
T <a (28)

Condition (22) is not sufficient to have a covered market equilibrium at 7 > 0. For
the purpose, we introduce an additional condition on 7" which is not independent of the
quality choices of the firms at the second stage. Before deriving it, we need to first present
the solution for the quality-choice subgame equilibrium at the second stage. We express
the revenues of the two entrants in terms of their qualities by taking the pairwise products

of the respective expressions in (24) and (25):

(2b—a— ) ( Cz)—ugC2)>

(c2) _
K= 0 CD)
g (29)
o (@ma=D) < )
2 = (C-
u 2
where:
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REC’Z) — profit/revenue of firm 1 in the case of a covered duopoly equilibrium

Rgc’z) — profit/revenue of firm 2 in the case of a covered duopoly equilibrium

Both expressions in (29) are increasing in the higher quality #; and decreasing in the

lower quality u, which implies the following set of optimal quality choices in the second

stage:
M%Ciz) =i
(30)
(C2)
where:

u, — the lowest quality that the entrant with quality constraint of rank 2 could choose

so that its good is still better than the outside option, uy, = up+¢€,€ — 0,€ > 0.

We derive the condition for a covered market by substituting for the optimal price
P\ from (24) in (15) for K=2:

a(21/71 +uy — 3u0) —b(ﬁl —22)
I/_l] +222

T < €1V

For simplicity, we denote the right-hand side of (31) by 7'(¢-2) that stands for the upper
bound on the lump-sum tax size below which a covered duopoly equilibrium exists.

If we substitute for b by the left-hand side of (27) in the right-hand side of (31), we

derive an expression that must still be larger than 7'(€-2):

3a(uy —uop) +T (it) — u,)

T2 <
iy +2u,

(32)

because T(C-2) is strictly decreasing in b. However, the inequality in (32) is valid only if
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the following necessary condition holds:

Ur — Ug £
2 a—

T < = a
U uy+ €

(33)

That is, if (33) does not hold we cannot have a covered market at equilibrium because
the inequality condition in (31) will be violated. This result is especially interesting
because it implies that the market can be a covered duopoly at equilibrium only if 7
is extremely small, almost zero, as by definition € tends to zero.

The joint validity of conditions (2), (27) and (31) ensures the existence of a unique

covered duopoly equilibrium which is established in proposition 1 below.

Proposition 1. Let the consumer income distribution satisfy condition (27) and the
restrictions from above on the quality choices in (2) and on the amount of the lump-sum
tax in (31) hold. Then, a unique subgame perfect equilibrium exists at which exactly the
entrants with quality ranks 1 and 2 enter the market, make the quality choice in (30) and
set the corresponding prices in (24). The firms’ market shares and profits are given by the
respective expressions in (25) and (29). The market is covered.

The intuition behind proposition 1 can be illustrated by plotting the residual demand
curves of firm 1 and 2 according to the expressions for their demand functions in (14)
and (17) as shown on figure 2 below. Since marginal cost is assumed to be zero for both
entrants, the equilibrium solutions are given by the points of unit elasticity in their residual
demand curves. That is, if we take the segment to which the unit elasticity point belongs
as a linear demand curve itself, the unit elasticity point would be equally distant from its
intersections with the horizontal and vertical axes.

Generally, the amount of expense T is negatively related to the net income of the buyers
in the market. Therefore, its imposition leads to a shift in the residual demand curves.
However, the assumption of indivisibility and mutual exclusivity of goods does not imply

the classical parallel shift of the overall demand curve to the left. As the expressions in
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(14) and (17) show, the magnitude and the direction of the demand curve shift vary across
its segments. As a result, at different values of T the unit elasticity point would move
from one segment to another, thus implying distinct equilibrium outcomes.

What we have shown so far is that in the particular case when the support interval
of the distribution of consumer incomes complies with the inequalities in (27) and the
additional expense T satisfies the restriction from above in (31), the unit elasticity points
belong to the highest segment of the residual demand curve of firm 1 and to the middle

segment of the residual demand curve of firm 2, respectively.

.A) (2.B)

o>
N

2
(c_2
2

Oy

Figure 2: Solution for equilibrium with covered duopoly outcome

Panel (2.A) represents the residual demand curve of a good with quality rank 1 as

given in (17) at the small tax established in (31). The optimal solution is given by

the unit-elastic point with coordinates (Dgc,z) , pgc,z)) which belongs to the segment

(>1) above the price ﬁgc,z) at which at least one more entrant with a worse good is

accommodated in the market. Panel (2.B) illustrates the demand for the good with

quality rank 2 as given in (14) for k = 2 at the small tax established in (33). The

optimal solution is given by the unit-elastic point with coordinates (Dgc’z), pgc,z))

which belongs to the bottom segment (C_2) below the price p, at which the market
is exactly covered by the second-best quality.
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1.3.2 Non-Covered Duopoly Equilibrium With Middle Lump-sum Tax

In this subsection, we establish the conditions for a non-covered duopoly outcome at
equilibrium.

Let the condition in (22) hold, so that there are at most two entrants. Now, however,
the market is assumed to be non-covered. The corresponding subgame equilibrium at the

pricing stage is given by the following set of optimal prices for the two entrants:

NC2 NC2 NC2 NC2
(NC2) <2(u§ ) _ Mo)b — (2”(1 ) _ uo)T)) (u(l ) ué )>
P =
( 4u(lNc,z) B uch,z) B 3u0> MENCJ)
(NC2) (NC2) (NC2)  (NC2) (34)
(Ne2) ((”2 —uo)b — (uy + uo)T) (”1 — U, )
Py = NC2)  (NC2 NC2
<4u(1 - ug - 3u0> ug )
where:
(NC2) . . . ep s
2 — price choice of firm 1 in the case of a non-covered duopoly equilibrium
(NC2) . . . et
123 — price choice of firm 2 in the case of a non-covered duopoly equilibrium

uch,z) — quality choice of firm 1 in the case of a non-covered duopoly equilibrium

ugNC’z) — quality choice of firm 2 in the case of a non-covered duopoly equilibrium
Substituting for the optimal prices from (34) into (16) for K=2 yields the following
expression of the condition for having a non-covered duopoly at equilibrium:

) [ ( 4u§Nc,2) B uch,z) B 3u0) a_ (uch,z) B MgNCJ)) b] (ugNCl) B uo)
>

3M§Nc,2)ugvc,2) B (ugzvc,z) 4 2u§NC,2)> o

(35)
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The optimal expressions for demands are:

wea) 2 (”(INCQ) - “°> b- (2“5NC’2) - uo) T
Dy - 4M(INC,2) B ugvc,z) Y

wea (877 —u0) b= (1" o) T) (1" — o) (36)
piNe2) =

( 4D 3 ugvcz)) (ugN”> B Mo)

where:
D(INC’z) — market share of firm 1 in the case of a non-covered duopoly equilibrium
Dch’z) — market share of firm 2 in the case of a non-covered duopoly equilibrium

The conditions for both firms to have positive market shares are respectively:

(ve2) _ (2b—T)

u; — U
2(b—T) 37)
(Nvc2) _ b+T

It is trivial that the condition on uéNCl) is stricter and should also be valid for uch’z)

which by definition is set to be bigger than uéNCl):
(NC2) (Nc2) _ b+T 18
U > Uy > o (33)
Hence, the optimal choice of the producer of the lower-quality good uch’z) must vary
in the interval (é’f—;uo, uch’z)). Otherwise, it will either have no sales or it will not be

the lower-quality producer.
Note also that the inequality condition in (38) can hold only as long as the lump-sum

tax is sufficiently small for the expression on the right-hand side to be smaller than the
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upper-bound constraint u»:

Uy — U,
T< 220
Us + ug

b (39)

For simplicity we will denote the right-hand side of (39) by T2

that stands for
upper bound of the lump-sum tax above which firm 2 would not have positive demand
because its customers cannot afford to pay such a high tax.

After substituting for the optimal demands from (36) and for the optimal prices

from (34) in the expressions for the firm’s revenues, the optimal expressions of the latter

are as follows:

(NC2) 2 (. (NC2) (NC2)
e ) o 7 ) L C
1 o 4, NC2) (NC 2)_3, )2 (NC2) (40)
Uy
(ch) (NC2) (NC2)
rive2) _ (67 ) (17 ) )2 (7 ) (10 ™)
2 ( g 2) gvcg) 3u0>2 (ugvc,z)_uo) ugNCl)
where:
R&ch) — profit/revenue of firm 1 in the case of a non-covered duopoly equilibrium
RéNCl) — profit/revenue of firm 2 in the case of a non-covered duopoly equilibrium
As we will show below, only firm 1 has a corner solution for its optimal quality ugNC’z),
while firm 2 has an internal solution for its optimal quality ugNC’z). This is a key difference

that distinguishes the solution for qualities in case of a non-covered duopoly from the
maximal differentiation solution in case of a covered duopoly.

As a first step to show that the non-covered solution in qualities is different, we
compare the results for the optimal market shares in (36) with the corresponding

results for the optimal prices in (34) to note that the latter could be considered to be
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transformations of the former:

(NC2) _p(NC2) (WNCD _  (NE2)y
e (NC2)
1
(41)
ey _pove) (" —uo) () — i)
2 2 WDy ),

The latter observation should not come as a surprise, given that by construction the
demand functions of the two goods in (14) and (17) are linear in their own prices.

Note also that for at least a consumer to remain solvent, the lump-sum tax should not
exceed the highest consumer income, i.e. b > T. Hence, when (38) holds, the expression
of the market share of the high-quality producer in (36) must be strictly decreasing in its

quality choice u;:

Hp(ve-? ’ [( b—T)ul"? — (4T uo} . W)
=— <
2
duy <4u1 — ugNC’z) — 3u0)

The additional operator that transforms the market share expression of the high-quality

producer into an expression of its optimal price is still strictly increasing in its quality

choice u;:
9 lu1—u2) "
uj 2
— >0 43)
3u1 (u1)2

Hence, it is not straightforward to conclude whether the optimal price is increasing or
decreasing in the quality of firm 1. To identify the sign of the correlation between the
two, we analyze the first order condition of the expression of the optimal price in (34)

with respect to u;:

2 2
ap(NCl) 4(b+T)uou? — (3(b—T) (ugNCl)) +2(b+T)uou§NC2)+3(b+T)u(2)> u1+2(2b—T)ugy (ugNC’z))
1 pum—

duy (4141fuéNC’2>f3uo>2<u<2NCl))2 (44)
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The quadratic function of u] in the numerator of (44) has no real roots:

m/@) _ 4(2”‘T)”2”0i\/ 626 T )" g (15" —ug) (6-T)u¥ >~ (04T

u g
: 2(3(6-1)" P+ b+ )

(45)

because its discriminant is strictly negative when (38) holds.

Note also that the coefficient before the squared argument in the numerator of (44) is
strictly positive, which implies that the squared function in the numerator has an absolute
minimum. Furthermore, the minimum value must be positive, because otherwise the
function would have had real roots. Since the minimum value of the numerator is positive,
the whole expression in (44) must also be strictly positive. So, we can conclude that the

price of the high-quality good is strictly increasing in its quality:

8pch’2)

“ou >0 (46)

It is trivial that the transforming operator in (41) is smaller than 1 for any feasible u;.
Therefore, the optimal price cannot exceed the value of the optimal market share.
Analogously, note that we could represent the revenue of firm 1 as a product of the

squared demand and the transforming operator:

(NC2) (NC2) vean 2 (ur —ul V)
47
@b —T)uy — (26— T)ug)2 (s — ") “47)
(4u1 — ugNC’z) — 3u0> 2 ui

Since the transforming operator is smaller than 1, the revenue must approach the
squared market share from below as u| tends to infinity. As we have already shown in (42)

the demand for good 1 is positive and strictly decreasing in #; when (38) holds. Therefore,
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after being squared, it should still be strictly decreasing, approaching a certain positive
limit as u; tends to infinity. Accordingly, the revenue of firm 1 must be approaching the

same limit but from below:

—T)? 2
jim RV~ 0T (") (48)

Uyp—roo 4 Uy —roo

In other words, the revenue of firm 1 must be strictly increasing in #;. So, as in
the solution for covered duopoly, the optimal quality choice of firm 1 in a non-covered

duopoly setting is again given by the upper bound on its quality:

NP = gy (49)
Now we move to analysis of the optimal quality choice of firm 2 in case of non-covered
market duopoly, which leads to the key implication of the current paper. Specifically,
firm 2 has an incentive to increase the quality of its good when the market is not covered,
so that the outside option reveals itself as an external inferior competitor. To demonstrate
this, we substitute for the optimal quality choice of firm 1 in the expression for the

optimal market share of firm 2 in (36) and then take first derivative of it with respect

to uy:
aDéNC—Z) B ((b—T)u%—Z(b—i—T)uouz—O— <8Tﬁ§NC2) —5Tu0+bu0> uo) (ﬁgNC’z) —uo)
duy (412(1\10,2)7” 3 )2 — (50)
] 2—3ug )= (u2—up)
The quadratic function of u, in the numerator of (50) has no real roots:
(b+T)ug iz\/— [2(19 — 1) — (2b— T)ug| Tug
ugl)/(Z) _ (51)

b—T
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because when the condition in (38) holds its discriminant is negative.

Note also that the coefficient before the squared argument in the numerator of (50) is
strictly positive, which implies that the squared function in the numerator has an absolute
minimum. Furthermore, the minimum value must be positive, because otherwise the
function would have had real roots. Since the minimum value of the numerator is positive,
the whole expression in (50) must also be strictly positive. So, we can conclude that the
market share of the low-quality good is strictly increasing in its quality:

JD;
Jduy

>0 (52)

Since the revenue of firm 2 is given by the product of its market share and its price,
when both are increasing in the quality u, the whole revenue must be increasing in it
as well. Note however that the price of good 2 in (34) cannot be positively correlated
with its quality for any value in the interval defined by (38). At the endpoints of the
interval, the price of good 2 would be zero, while in-between it would be strictly positive.
Hence, up to some critical value of u; in the interval defined by (38), the price must be
increasing, but then it should start decreasing. To show this explicitly, we analyze the

first derivative of the expression for the price of good 2 in (34) with respect to u;:

ap; - (2(2b—T)u0—3(b—T)IZ1)M%—Z(b—l—T)ﬁluouz—f—(b—f-T)(417!1—31/!0)1211/!0
duy (4it) —up—3ug)u3

(53)

The sign of the coefficient in front of the squared term in the numerator of (53) depends
on the relationship between the maximum income b and the size of the lump-sum tax 7" as

well as on the qualities of good 1 and the outside option. It is negative when the lump-sum
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tax is large enough relative to the maximum income b:

b+T 22b—-T

< 5T 7] —
b<5 :>u1>b_Tuo>3 b—Tu

0 (54)

or alternatively if the upper bound on the quality choice of firm 1 is sufficiently larger

than u

22b—-T b+T
b T 7] —
>5 A u1>3b—Tu0>b—Tu

0 (55)

So, when (54) and (55) hold, the quadratic function in the numerator of (53) is concave

with roots:
(1) _ —2(b+T)fyug+/4(b+T)2a3u3+4(b+T) (41 —3ug) (3(b—T) i —2(2b—T )ug) iy g
Uy = 2(3(b—T)ii;—2(2b—T)uq) (56)

(2) _ =20+ T) i ug—/A(b+T)*ijug+4(b+T) (41 —3ug) (3(b—T)ity —2(2b—T )ug) it g

Uy 2(3(b—T)ia1 —2(2b—T )uy) <0

The second root is strictly negative. Therefore, for uy < up < ugl), the price of good 2

()

is increasing in its quality while for u, * < up < uy, it is decreasing.

Alternatively, when neither (54) nor (55) hold:

22T~ b+T
e

b>5T A Uo (57)

the quadratic function in the numerator of (53) is convex and both its roots in (57) are

positive.

(2)

However, the larger root u, * exceeds the quality of good 1 as long as (57) holds:

(2) _ =3(b=T)(@ +ug)ity—v/6+/ (b+T) (it —ug) (2(b—T )ity — (2b—T )ug) it ug
2 2(2b—T)uy—3(b—T )it

Uiy —u <0 (58)

(1)

so that again for uy < up < u21 , the price of good 2 is increasing in its quality, while for
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1 .. )
ug ) < uy < uy, it is decreasing.

Hence, ugl) is the critical value up to which the price of good 2, respectively the
revenue of firm 2, is increasing in its quality within the interval defined by (38). At
the upper bound of the interval, however, the optimal revenue of firm 2 is zero because
as discussed above, its optimal price is zero. This implies that there must be a critical
value in the interval between ugl) and u; beyond which, within the expression of firm 2’s
revenue, the positive effect of the quality of good 2 on the market share of firm 2 will be
dominated by its negative effect on the price of good 2. Accordingly, if exceeded by the

upper bound on the quality choice of firm 2 !2, this critical value which we denote by 758

will in fact be the revenue-maximizing quality choice of firm 2:

uch’z) = uy{=argmax R, < iz} (59)
uy
After substituting for the optimal quality choices of firm 1 and firm 2 in (35), the
condition on the size of the lump-sum tax 7T for the existence of a non-covered duopoly
equilibrium takes the following final form:

(4, — w5 —3up) a — (ug — uy) b) (u5 —uo)
3ﬁ1u§ — (ﬁl +2u§) Ug

T > (60)

Keep in mind that &5 is not a parameter but a variable which represents the optimal
solution for the quality of good 2 as a function of the lump-sum tax 7. However, since
the price of good 2 decreases as the quality difference from the leader is shrinking, i.e.,

it is negatively related to the quality of good 2 at u3(> ugl)), the right-hand side of the

121f u; is larger than the upper bound on the quality choice of firm 2, the latter will be the optimal solution,
which still implies a shift from the maximal differentiation outcome in the case of covered-market duopoly
equilibrium. So, we could consider it a special case of the internal solution. Accordingly, for the sake of
brevity, we discuss the internal solution only.
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expression in (60) must be strictly increasing in u5. So, the critical value of the tax above

which there exists a non-covered duopoly equilibrium has a fixed upper bound:

pivez) _ (4 — 1 —3up) a — () —1ip) b] (w2 — uo) ©1)
3uiuy — (ﬁl +2ﬁ2) 70

(NC2)

where by T we denote the fixed lower bound on the lump-size for having a

non-covered duopoly equilibrium. The right-hand side of (61) is derived from (60) where
u; is substituted by >.

It is straightforward to show that the lower-bound constraint on the lump-sum tax

T(NC2)

whose maximum value is represented by is strictly smaller than its upper-bound

. . =(NC2
constraint T( ¢ ):

FINC2) vy _ (2 — o) (41 — 1ty —3uo) (b — a)iw —auo)
- (ﬁz + uo) (3ﬁ1§2 — (ﬁl + 252) uo)

>0 (62)

provided that the exogenous constraint on the quality of good 2 is sufficiently larger than

the quality of the outside option:

> — g (63)
b—a

It is also trivial that the lower-bound condition on the lump-sum tax for having a
non-covered duopoly solution as given by the right-hand side of (60) does strictly exceed

the upper-bound constraint T(C2).

I(NCJ) _72) >0 (64)

because the general functional form of the right-hand sides of (15) and (16) is strictly
increasing in up while u} is larger than u, by definition.
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Hence, (39) and (60) define a range of feasible values of 7 for which a unique
non-covered duopoly equilibrium would exist, provided that the inequality conditions

in (2), (27), (59) and (63) hold. The result is established in proposition 2 below.

Proposition 2. Let the consumer income distribution satisfy (27), the restrictions from
above on the quality choices in (2) as well as the restrictions from below on the upper
quality constraint of the low-quality firm 2 in (59) and (63) hold. Then, given a lump-sum
tax sufficiently large for (60) to hold but still not so high as to exceed the upper bound
in (39), a unique subgame perfect equilibrium exists at which the entrants with quality
ranks 1 and 2 enter the market, make the quality choices in (49) and (59) respectively,
and set the corresponding prices in (34). The firms’ optimal market shares and profits are
given by the expressions in (36) and (40). The market is non-covered.

The intuition behind proposition 2 is illustrated in figure 3 below. Note that the price
at the kink p, exceeds the unit-elasticity point only so long as 7 is too small to satisfy the
condition in (32). Otherwise, for larger T’s the middle segment shifts parallelly to the left
while the bottom segment shifts parallelly to the right so that the kink between the two
segments is moved below the optimal unit-elastic point. That is, at the equilibrium prices
the lowest-income consumer would prefer the free outside option to paying the high tax
implied by the inequality in (60). However, the upper-bound constraint in (39) ensures
that the optimal price of firm 1 still belongs to the top segment of its residual demand
curve, so that firm 2 faces positive demand. Therefore, the corresponding equilibrium

solution implies a non-covered duopoly outcome.

36



GB.A) ‘ (3.B)

Ov

Figure 3: Solution for equilibrium with non-covered duopoly outcome

Panel (3.A) represents the residual demand curve of a good with quality rank 1 as

given in (17) at a middle lump-sum payment that satisfies (60) and (39). The optimal

solution occurs at the unit-elastic point with coordinates (D%NC’Z), p(lNC’z)) which

belongs to the segment (>1) above the price p; even though the larger lump-sum
tax as defined by (60) relative to (33) reduces its length in favor of the middle
segment. Panel (3.B) illustrates the demand for the good with quality rank 2 as given

in (14) for k = 2 at the middle lump-sum payment that satisfies (60) and (39). The

optimal solution occurs at the unit-elastic point with coordinates (DgNCJ), pch’z))

which belongs to the middle segment (NC_2) above the price p, at which the market
would otherwise be exactly covered by the second-best quality good. Therefore, the
market is not covered at the depicted equilibrium.

Before closing the section, note that (60) is never consistent with (22) if 7 = 0.
Therefore, in Shaked and Sutton (1982), the inequalities in (27) are not only necessary
but also sufficient conditions for having a covered duopoly outcome, which is the unique
equilibrium solution in the standard case of vertical product differentiation without
exogenous expense. Accordingly, figure 4 below illustrates how the imposition of a
lump-sum payment, large enough to satisfy condition (60), makes the existence of a
non-covered market equilibrium possible. For the purpose, we use the original graphical
representation from Shaked and Sutton (1982), where firms’ best price responses are

expressed implicitly through their impact on the relation between the marginal taste
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parameters #1 /; and 1,

1 _ _
tﬁzzi[b—tz/o(V—l)%—ClT] (65)

a—{-tz/o(z— 1) — (Ql — I)T, if[2/0 <a
t) = (66)

f2/0(‘7+ 1) — (Cl — 1)T, iftz/o >a

where:
tfl/z — implicit best-response function of the high-quality producer, i.e. firm 1
tlL/z — implicit best-response function of the low-quality producer, i.e. firm 2

For expositional simplicity and easier comparability to Shaked and Sutton’s (1982)
results, we borrow the following supplementary notations, which here are especially
adjusted to reflect the internal solution for the optimal quality choice of firm 2 at the

non-covered market equilibrium:

<G, (67)
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Figure 4: Implicit solutions for covered market equilibrium at 7 = 0 and for non-covered

duopoly equilibrium at 7 > 0 when conditions (35) and (39) hold

The equilibrium marginal incomes, t; /0 and t{ /20 which demarcate the market shares

of firm 1 and firm 2 are given by the coordinates of the point of intersection of their
implicit best-response curves, t{’;z and tlL/z, respectively. Panel (4.A) represents the
solution without tax suggested by Shaked and Sutton (1982) . When the condition
in (22) holds as a given that 7' = 0, the vertical intercept of the downward-sloping
linear curve tfl/z cannot be larger than twice the value of a. At the same time, V
is trivially larger than 1 so that the lowest point of segment III exceeds more than
twice a. Therefore, the two best-response curves cannot intersect at a point that
belongs to segment III i.e. there cannot be a non-covered market at equilibrium
when 7 = 0. Panel (4.B) represents the solution for positive tax that satisfies
conditions (35) and (39). The vertical intercept of tﬁz increases in 7', while the
lowest point of segment III shifts down as T increases, which makes it possible for
the two best-response curves to intersect at a point that belongs to segment I1I; i.e.
there is a non-covered market equilibrium. '3

1.3.3 Non-Covered Monopoly Equilibrium With Large Lump-sum Tax

This final subsection represents the equilibrium solution at an amount of the lump sum 7

exceeding the upper-bound constraint T(NC2) in (39):

2(1/72 — uo)a

T >
— 2y —ug

(68)

3Note also that as the lump sum of the tax T increases, the best-response curve of firm 2 shifts
down, moving the equilibrium solution below the 45-degree bisector where #] /0 would exceed #} /2 SO that
condition (38) would be violated and firm 2 could not have a positive market share. This gives firm 2 an
incentive to raise the quality of its good, that is, to decrease the quality differentiation, which shifts up
segment III of firm 2’s best-response curve and makes it and the best-response curve of firm 1 steeper.
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provided that the condition in (22) for having at most two entrants with positive market
shares holds.

Since firm 2 cannot make positive sales, it has no incentive to enter the market.
So, only firm 1 enters at the first stage and acts as a monopolist. The corresponding

subgame-perfect equilibrium is defined by the following price-quality pair:

NC_1 NC_1
(NC1) (u§ —uo)b— ”g T
P - 5 NCD)
1 (69)
MENC,I) —
where:
(NC_1) . . .
Py — the optimal price of firm 1 given non-covered monopoly outcome
ugNC’]) — the optimal quality choice of firm 1 given non-covered monopoly outcome

The optimal expressions for the market share and the revenue of firm 1 are:

NC.1) _ [ —uo)b—u, | T

(
D
! Z(ﬁl — u())
_ 120 (70)
R(NCJ) _ [ (l/l] - I/t()) b— I/t1:| T
1 4u (ﬁ] — u())
where:
D%NC’I) — the optimal market share of firm 1 given non-covered monopoly outcome
NC_1)

Rg — the optimal revenue of firm 1 given non-covered monopoly outcome

A non-covered equilibrium would exist so long as b satisfies the following condition:

b>2q— 1

ul—uoT{< 2a—T} (71)

which is trivially satisfied when the left-hand side inequality condition in (27) holds.

The subgame equilibrium is established in proposition 3 below.
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Proposition 3. Given that the consumer income distribution satisfies (27) the
restrictions from above on the quality choices in (2) as well as the restriction from below
on the lump-sum tax in(68) hold. Then, a unique subgame perfect equilibrium exists at
which only the entrant with quality rank 1 enters the market, makes the quality choice
and sets the price in (69). Firm 1’s market share and profit are given by the respective
expressions in (70). The market is non-covered.

The intuition behind proposition 3 is illustrated in figure 5 below. The middle segment
of the residual demand curve of firm 1 experiences a parallel shift further to the left when
(68) holds. Therefore, the optimal price of firm 1 belongs to the middle segment where

consumers buy either the best quality or the free outside option.

V)

P:4 P24
(5.A) (5.B)
N
NC_Dfm — — — — .
I — P2
I 0... ........ N
| o, e, >2 ‘e,
I .'. .......... “'0_2
| C_l Wl T, *.
l > W Tt 3 ,
— » piCI=Qf = >
O DNe-Y ., th-a D, 2 e It D,
) R .2 Pa|™7,
1 e
“NC_2

Figure S: Solution for equilibrium with non-covered monopoly outcome

Panel (5.A) represents the residual demand curve of a good with quality rank 1

as given in (17) at a high tax that exceeds TNV o implied by the condition

in (68). The optimal solution is given by the unit-elastic point with coordinates

(Dch’l), pgNC’l)). It belongs to the middle segment (NC_1) that is shifted to the

left and down so that it has no positive border price p; with the bottom segment.
As a result, the market is non-covered and no other firm with lower quality is
accommodated in the market. Correspondingly, in Panel (5.B) the optimal solution
of a potential second entrant coincides with the origin of the coordination system —
it could not make positive sales even if its good was priced at zero and its quality
was set at its upper-bound constraint u;.
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1.3.4 Summary of the Effects of the Lump-sum Tax Size

Based on the equilibria defined in the three propositions of the current section we could
make a general conjecture about the effect of the size of the lump-sum tax on the
structure and the coveredness of the market when the distribution of consumer incomes
is determined by the condition in (27). The propositions identify three ranges of the
lump-sum tax 7', for which we have three unique pure-strategy equilibria that imply
distinct market outcomes characterized by the number of firms in the market and its

coveredness. These ranges are illustrated in figure 6 below.

No pure-
C_2 strategy NC_2 NC_1
I{—*—]I equilibrium I(—HI/ A \I Condition for at most 2 entrants violated | No market R
0 'F(C_Z) T (NC_2) 'F(NC_Z) a b T

Figure 6: Effect of the size of the lump-sum tax 7 on the structure and the coveredness

of the market

For a small lump-sum tax not exceeding T(C’z), we have exactly two firms with

positive market shares and covered market (denoted by C_2). For a moderate tax

. o =(NC2 .
size within the range between TWE2) and 7! ), again exactly two firms enter

the market but they do not cover the whole market, so some of the low-income

consumers prefer the outside option (denoted by NC_2). Accordingly, for very large

. =(NC2 . .
tax size at least equal to 7™ put not exceeding the lowest consumer income a,

there is only one entrant and the market is not covered at equilibrium (denoted
by C_1).

There are also two intervals of the values of T for which we cannot provide an explicit
solution based on the analysis so far. For values of 7" within the closed interval between

T(Cl)

and TWW€-2) an equilibrium in pure strategies does not exist. If firms play their pure
quality-price strategies expecting a covered duopoly, the outcome will be a non-covered
market, and vice versa when they expect a non-covered market, the market will be

a covered duopoly. Therefore, instead, an equilibrium in mixed strategies must exist

where firm 2 chooses better quality than in case of maximal differentiation but still lower
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than at the pure-strategy non-covered duopoly equilibrium established in proposition 2.
Accordingly, the prices of the two firms will be higher but still below the optimal price at
the pure-strategy covered duopoly equilibrium established in proposition 1. Then, there

€2) and Z(N C2) pelow which

must be a critical value of 7 within the interval between T
the outcome of the mixed-strategy equilibrium will be a covered duopoly, while above it
the market will be a non-covered duopoly. Finally, in the interval of 7" between the two
bounds of the consumer income distribution, a and b, the condition in (22) for having
at most two entrants will be violated. However, this does not imply that there will be
more entrants into the market because the latter cannot be covered when the lump-sum
tax exceeds the lowest consumer income. Hence, entrants should compete with the
non-taxable outside option, which cannot be beaten by any other quality than the best

one when the lump-sum tax is above TWE2)

. As aresult, the equilibrium will again be
a non-covered monopoly as defined in proposition 3. Finally, for values of T above the

highest consumer income b, even the best quality will be unsalable so that the market will

not exist.

1.4 Conclusion

This paper explores the effect that the amount of an exogenous expense can have on
the structure and the coveredness of a market for vertically differentiated goods. The
exogenous expense is modeled as a lump-sum tax imposed on the incomes of the
consumers of the market good.

The results confirm the existence of the covered-duopoly market equilibrium
established by Shaked and Sutton (1982) when exogenous expenses are small and tending

to zero. At a greater exogenous expense, however, some low-income consumers prefer
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the outside option. That is, the equilibrium outcome is a non-covered duopoly. In turn, the
producer of the low-quality good is prone to divert from maximal product differentiation
to an internal solution for quality. However, when the amount of the exogenous expense
exceeds the incomes of all the consumers who prefer the low-quality good to the
high-quality good at the equilibrium prices, even the minimal product differentiation
and zero pricing cannot save the positive market share of the low-quality firm. Such
an exogenous expense is unaffordable for these consumers and therefore they choose the
outside option instead. Accordingly, a monopoly outcome prevails at equilibrium.

The suggested solutions indicate not only the effect of the lump-sum tax on the market
structure and product differentiation, but also on the market coveredness. A clear negative
relationship is identified between the size of the tax and the share of consumers being
served by the firms in the market.

The presented work also opens new perspectives for future research on the topic.
Specifically, one of the equilibrium outcomes suggests the existence of a potential for
a lump-sum tax to perform as a tool for social welfare improvement. This would be
the case, if, at a medium-sized lump-sum tax, the positive effect on the average quality
in the market which increases consumer surplus dominates the negative effect from the
parallel exclusion of the lowest-income consumers from the market. To be able to explore
further this issue, however, we need to modify the model in a way that allows for explicit
derivation of the optimal quality choice of the low-quality firm at the non-covered duopoly

equilibrium established in the paper.
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2  Why Mixed Qualities May Not Survive at Equilibrium:

The Case of Vertical Product Differentiation

This paper explores price competition in a vertically differentiated market where a
firm’s product is consumed not separately but in a fixed one-to-one ratio with another
complementary type of good supplied by a different producer in another vertically

differentiated market.

When there is only a single entrant in the one market, a monopoly outcome is shown
to prevail at equilibrium in the other market as well. The result holds for any number
of potential entrants in the second market. It is independent of the distribution of the
consumer tastes, provided that consumers value the monopoly good more. A further
necessary condition is that the best good in the adjacent market must be of a sufficiently

higher quality than any other good of its type (i.e. at least two and a quarter times better).

In a setting with more than two entrants in each of the two markets, certain conditions
on the quality choice of firms and the consumer taste distribution are identified, at which
a particular duopoly equilibrium exists in both markets. A key characteristic of this
equilibrium is that the optimal prices are such that the combinations consisting of both
high- and low-quality goods, which we call “mixed-quality combinations”, will remain
unsold. This equilibrium outcome represents a further form in which the well-known
maximum-differentiation principle could be implemented in a multi-market setting with

exogenous constraints imposed on firms’ quality choices.

Keywords: complementary goods, vertical product differentiation, market exclusion

JEL classification: L11, L13, L15
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2.1 Introduction

The principles that drive firms’ behavior in a single vertically differentiated
market are well-established in the existing industrial organization literature
(Gabszewicz and Thisse (1979), Shaked and Sutton (1982), and Tirole (1988)).
Little is known, however, about the way these principles hold in a broader multi-market
environment. In the present paper, we make first steps in this direction by modeling two
adjacent vertically differentiated markets for final goods consumed as complements.

Adjacent vertically differentiated markets are not uncommon. There are many
examples of vertically differentiated goods that are complements to other goods which
are also vertically differentiated. In this particular case, consumers always purchase them
both in a fixed one-to-one ratio even though they are sold by different firms, in different
markets and at different prices. For instance, when buying a new flat or a house from
a real-estate company, consumers also often buy furniture from a home-furnishing shop
or cabinet-maker. When going on a business trip, employees should be provided not
only with transportation from an airline company but also with accommodation from a
hotel at their destination.! Or, when buying a computer, a consumer actually pays for a
central-processing unit (CPU) manufactured by a computer hardware firm, screen from
a TV producer, an operation platform from a system software provider, and application
software from a number of application software developers.

One of the most interesting features of single vertically differentiated markets is the

Note that transportation and accommodation are also demanded when going on a holiday trip, but the
two are mostly offered by holiday agencies in a pre-selected bundle. In our paper, however, we are interested
in studying only vertically differentiated markets where consumer choice is in no way pre-selected by
firms but represents an optimal consumers’ decision given firms’ optimal quality and price choices. For a
thorough discussion of the competition and welfare effects of the existing practices of firms to restrict free
consumer choice by providing them with pre-selected bundles of goods in the form of take-it-or-leave it
offers, see Whinston (1990), Carlton and Waldman (2002), and Nalebuff (2003a, 2003b).
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so-called maximum-differentiation principle that drives firms’ optimal quality choice.
Mussa and Rosen (1978) first show that an uninformed multi-product monopolist could
benefit from broadening the range of the quality spectrum of its product line, which
would allow it to imperfectly price discriminate between consumers who have different
tastes for quality and therefore heterogeneous willingness to pay for it. Since the
consumers with a low willingness to pay are inclined to compromise on quality, they
can be easily distinguished from the consumers with a high willingness to pay by
strategic deterioration of the lower edge in the quality spectrum offered by the monopolist.
Gabszewicz and Thisse (1979) apply the same principle to a duopoly market with
single-product firms where consumers differ by income. They show that duopolists could
gain from differentiating the quality of their products, which leads to segmentation of
the market and raises the market power of each duopolist in its respective segment.
Maskin and Riley (1984) extend the model of Mussa and Rosen (1978) for the case of
multiple-product monopolist facing non-unit consumption. Donnenfeld and White (1988)
introduce a discrete heterogeneity of consumers to show that a multi-product monopolist
would prefer to broaden the quality spectrum of its product line upwards when the
relationship between absolute and marginal willingness to pay for quality is allowed to be
negative. Champshur and Rochet (1989) consider the case of a multi-product duopoly
and prove that even though duopolists still prefer to broaden their quality spectrums
there will always be a gap between their product lines at equilibrium. The competition
relaxing effect of vertical product differentiation is further explored by Moorthy (1988),
Choi and Shin (1992) and Wauthy (1996).

In this paper, we propose a model of two adjacent vertically differentiated markets

to explore how the maximum-differentiation principle might drive outcomes in this new
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setting. We assume complementary goods are consumed in a fixed one-to-one proportion
and are supplied by single-product firms, while consumers are not restricted in their choice
of how to combine the available goods from the two markets. Particularly, the solution
of the model implies that a duopoly equilibrium exists at which firms choose not only
to maximize the differentiation between their products within each market but also to
charge prices at which the quality/price ratio of the less-differentiated combinations is not
optimal for any of the consumers. That is, only the most differentiated combinations that
consist of the two top-quality and the two bottom-quality goods will be sold, while the
remaining combinations which we call “mixed-quality combinations” will remain unsold.

In some vertically differentiated markets for complementary goods it is not uncommon
to observe self-selection bias in consumers’ choices so that only the combinations of
goods with similarly ranked qualities and prices are purchased by consumers while the
mixed-quality combinations are ignored. For instance, it would be very unusual to see
consumers who buy an expensive luxurious house and furnish it with cheap do-it-yourself
furniture. Or vice versa; normally consumers who buy small cheap flats do not equip
them with high-design expensive furniture. Likewise, businessmen who order business-jet
charter flights naturally choose to be accommodated in five-star hotels, which is not the
case of small-firm entrepreneurs or lower-level managers whose business-trip budget only
allows them to travel in the business or economy class on public airline flights. 2

One straightforward explanation for the observed self-selection choices of consumers
could be that the valuations for the both types of goods are identically distributed
among consumers so that the buyers of the high-quality good in one of the markets at
equilibrium will also choose the high-quality good in the other market, while the rest

purchase low-quality goods in both markets. Therefore, in the end, no-one finishes with a

2We are grateful to Michael Kunin for suggesting both the house-furniture and the flight-hotel examples.
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mixed-quality combination. However, this explanation is implied by the assumption that
consumers choose each of the complementary goods in its single market (Kovac 2007).

Given that two goods are complements, it is perhaps too strong an assumption to make
that consumers purchase them in single markets. This is our argument for why, in the
present paper, we follow a different approach by assuming instead that consumers do not
choose from the goods available in each market but from the one-to-one combinations that
can be formed out of the goods in both markets. In the setting with two duopoly markets,
there are four possible combinations of the two goods in each of the markets. The best
combination is apparently given by the pair of the higher-quality goods, while the worst
combination involves the lower-quality goods only. The remaining two mixed-quality
combinations are ranked second and third respectively, based on how substitutable the
qualities in one market are by the qualities in the other market, while determining the
qualities of the combinations in which they take part. To derive a determinable solution,
we also introduce an individual upper bound on the quality choice of each potential
entrant as well as a general lower bound on the quality choice of all firms in each market.
Intuitively, the upper constraint on the quality choice of the firms could be considered
a contemporary maximal technological frontier which varies across firms, whereas the
lower restriction may represent the minimal social (safety or hygienic) requirements for a
good to be acceptable for sale in a given market.

In the two-market setting that we suggest, each good participates in two of the possible
combinations and therefore by choosing the price of its good a firm is also affecting the
demand for the two possible combinations in which it takes part. If the combination of the
two high-quality goods and the combination of the two low-quality goods are the only two

combinations that have positive demand at equilibrium, this should not be only because
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maximum differentiation quality choices were made by the entrants in the both markets.
In addition, it must be the case that the high-quality producers find it suboptimal to set
prices low enough for their goods to be sold also in mixed-quality combinations with their
low-quality counterparts from the other market.

This new approach that we apply further allows us to identify how the characteristics of
the well-known single-market duopoly equilibrium changes in the context of a two-market
setting. The existing literature uses three key properties to characterize the equilibrium
duopoly outcome in a single vertically differentiated market. We take these properties as
a benchmark when analyzing the optimal solution of the two-market setting. Accordingly,
before presenting our results, we will discuss below the single-market properties as
initially described by Shaked and Sutton (1982, 1983).

First, Shaked and Sutton (1982) explore a simple setting where firms have zero unit
production cost and consumer incomes follow a continuous uniform distribution, to
show the positive correlation between the market segmentation and the dispersion in
consumers’ incomes. This property follows straight from the definition of vertical product
differentiation, which states that, independent on how consumers differ by income, they
all unanimously rank the qualities of the available goods in the market. That is to say,
no matter how low is the income of a consumer, s/he will always value and be willing to
pay more for the top-ranked good than for the second-best ranked good. Similarly, her
(or his) valuation will be higher for the second-best ranked good than for the third-best
ranked good, and so on down the mutually agreed quality ranking of goods. The firm
offering the top quality, therefore, can efficiently drive all competitors out of the market.
For this purpose, it is sufficient to charge a price for its good that exceeds the valuation

of the lowest-income consumer for the second-best ranked good but is still below her

52



(or his) reservation price for the top-quality good. Whether the top-quality firm will,
however, find it optimal to charge such an exclusionary price would depend on how low
the lowest consumer income is relative to the highest consumer income. The lower
the ratio between the two the more likely it would be for the market size to exceed
the profit-maximizing scale of the top-quality firm. Then, there will be more space for
further segmentation through accommodating the market entry of other lower-quality
firms. Shaked and Sutton (1982) prove that if, and only if, the lowest consumer income
is more than two times but at most four times smaller than the largest consumer income,
exactly two firms can have positive market shares at equilibrium.

Second, Shaked and Sutton (1982) demonstrate that the same condition that ensures
at most two market entrants is also sufficient for the market to be covered; that is, each
consumer will buy one or the other of the two available goods at the single duopoly
equilibrium. Moreover, the result does not depend on quality differentiation in the market.
Quality difference positively affects only the prices of the two entrants but not their market
shares.

Third, Shaked and Sutton (1983) derive a general condition for having the so-called
finiteness property of the vertically differentiated markets, even in the case of
positive unit production costs. As opposed to the classical (monopolistic competition)
outcome of the representative-consumer model of market differentiation described by
Chamberlin (1933), Shaked and Sutton (1983) state that when the entry barriers tend
to zero in a vertically differentiated market, the number of firms with positive market
share remains finite. For the finite upper bound on the number of entrants at equilibrium
to exist, the difference in the price markups of any two firms whose goods have

neighboring quality ranks should be larger than the difference in their unit production
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costs. Analogously to the case without production cost, the result again follows straight
from the definitional assumption that there is unanimous consensus among consumers
regarding how the available goods should be ranked by quality. Accordingly, since the
finite number of entrants is endogenously determined, Shaked and Sutton (1983) call the
corresponding market structure a “natural oligopoly”.

In our paper, we start by analyzing the solution for the case when the number
of entrants in one of the markets is exogenously restricted to one. For expositional
convenience we identify the consumers by taste as in the classical model of
Mussa and Rosen (1978). This does not affect the comparability of our results with
the respective results of Shaked and Sutton (1982), because, as shown by Tirole (1988),
richer consumers are also more demanding, so that consumers’ identification by taste
could be considered to be equivalent to that by income. Accordingly, we assume a
dispersion of consumer tastes which satisfies the condition on the consumer income
distribution, proven by Shaked and Sutton (1982) to be necessary and sufficient for
having a covered-duopoly outcome in a single-market setting. Our results, however,
suggest the existence of a unique non-covered monopoly equilibrium at the two-market
setting instead. This outcome is also surprising in the context of the literature on market
foreclosure (Whinston 1990). It implies that leveraging the market power from an
adjacent market with a lower level of competition might appear not as a consequence
but rather as a cause of market exclusion of competitors. The condition for blockading all
but the best-quality entrant in the adjacent market that is its quality choice upper bound
must be at least a nine-fourth of the upper bound on the quality choice of the entrant with
the second-best good.

We further show that the difference in the market power of firms between the two
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adjacent markets is decisive for the ranking of the mixed-quality combinations, given two
entrants in each market. Due to the positive relationship between quality differentiation
and the market power of firms, there is a clear dependence between the quality ranking
of the goods in the more differentiated of the two markets and the ranking of the
mixed-quality combinations in which these goods take part. That is, the mixed-quality
combination based on the higher-quality good in the more differentiated market has higher
rank than the mixed-quality combination based on the lower-quality good in the same
market. This is demonstrated for three different possible relations between the qualities
of any pair of available complementary goods with regard to how they define the quality
of the combination they form. Particularly, we consider linear (perfectly substitutable
qualities), multiplicative (non-perfectly substitutable qualities) and Leontief (perfectly
complementary qualities) functional relationships between the combined goods’ qualities.

Next, we analyze the solution for the case when the number of entrants in both markets
is exogenously restricted to two. Our results imply that, for having the mixed-quality
combinations unsalable at equilibrium, it is sufficient for the quality of the second-best
ranked combination to be at most equal to the median between the qualities of the best
and worst combinations. Then, the higher-quality firm in the more differentiated market
does not benefit from decreasing the price of good as low as is necessary to sell it as a part
of the second-best ranked combination; that is, together with the lower-quality good. We
further show that the condition for having this equilibrium outcome could not hold when
the qualities are linearly related, because the higher-quality good perfectly substitutes its
lower-quality counterpart in the second-best combination. The exclusionary outcome for
the mixed-quality combinations, however, is proven to be feasible at equilibrium in the

case of less substitutable (multiplicative and Leontief) relationships between the qualities
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of the combined complementary goods.

Additionally, we show that, distinct from the single-market solution, the dispersion of
consumer tastes, for which Shaked and Sutton (1982) prove a covered duopoly outcome,
is neither necessary nor sufficient for both markets to be covered at equilibrium in
the two-market setting. The reason is again the difference in quality differentiation
between the two markets. The lower-quality firm in the more differentiated market has
higher market power, which makes it less willing than its counterpart in the adjacent
market to decrease its price in order to cover the market. Therefore, the consumers
must be more demanding than at the single-market equilibrium to be still willing to
pay the higher optimal price of the lowest-quality combination, instead of giving it
up for an inferior free non-market option. Furthermore, the larger the differentiation
between the best and the worst combinations, the higher the lowest consumer taste for
quality should also be for the market to be covered at equilibrium. This implies that
quality differentiation of the combinations has a relaxation effect on the competition of
firms, which resembles the well-recognized competition relaxing effect of the product
differentiation in a single-market setting. Indeed, when firms can combine their goods
with complementary goods from another vertically differentiated market, this extends
their ability to gain market power through direct quality differentiation of their goods by
also allowing them to implicitly restrict the salability of their mixed-quality combinations
through exclusionary pricing.

Finally, we derive the conditions for effective deterrence of a potential third entrant
in any of the two markets. It is also not independent of the quality choice of the firms.
Specifically, the upper bound on the quality choice of the entrant needs to be at least

twice as small as the upper bound of the higher-quality firm in the market targeted by the
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entrant. Otherwise, the quality of the best combination involving the good of the third
entrant is so close to the quality of the worst combination of the incumbent goods that the
suppliers of the latter find it optimal to accommodate the entrant at equilibrium by setting
prices at which the lowest-income consumers buy the entrant’s good.

The paper is organized as follows. Section 2.2 describes the model, section 2.3 presents
the particular solution for the proposed subgame-perfect equilibrium and establishes the
sufficient conditions for it to hold. Section 2.4 summarizes the results and provides brief

comments on their implications.

2.2 The Model

We start with the introduction of a stylized model of a market for combinations consisting
of two types of goods, each offered independently by a separate firm. The two types of
goods are denoted by A and B, respectively. Since goods are assumed to be consensually
ranked by quality, they can be identified by their rank starting from the best-quality good

being ranked at 1, the second-best at 2 and so on, as shown below:

F(A1)> f(A2) > ....> f(An) >0 (1)

where f(A;) denotes the value that consumers assign to a mutually-agreed mix of

characteristics of the A type product, based on which it is ranked at i-th place, i =1, ...,m;

g(B1)>g(B2) > ....>g(Bu) >0 (2)
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where g (B j) denotes the value that consumers assign to a mutually-agreed mix of
characteristics of the B type product, based on which it is ranked at j-th place, j=1,...,n.

The assumption that the two types of goods are complements in quantities (i.e.
consumed in fixed one-to-one combinations) does not imply that they should also be
perfect complements in qualities.’> There are various ways in which the consumer
valuations of the two types of goods could interact in defining the qualities of the
combinations these goods form. Therefore, in our model the qualities of the combinations
ABj, i =1,...m, j=1,...,n that might be formed by any pair of the available
A and B-type goods are given as a function of the consumer valuations of these
goods. Specifically, we assume a simplified version of a CES-form quality-aggregation

function:*

=

1= {1 )P + (2 (8)]" } )

where:

Xij - the aggregate quality of the combination A;B;, i=1,....m;j=1,...,n

p=1- é - a coefficient which is increasing in the elasticity of substitution &

To reveal the impact of substitutability between the qualities of the two types of goods,

we compare the following three cases of interaction between the qualities:

1. linear function: x;; = f(A;)+g (B j) when p — 1 i.e. the two goods are perfect

substitutes in qualities

2. simple Cobb-Douglas function: y;; = f(A;) g (B j) when p — 0 i.e. the two goods

3We are grateful to Avner Shaked for pointing out this issue in his comments to an earlier draft of the
paper.

“We are grateful to Vahagn Jerbashian for suggesting the CES form of the quality aggregation function
for its property to encompass the full spectrum of possible qualitative substitutability between two
complementary goods.
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are non-perfect substitutes in qualities

3. Leontief function: x;; = min{f (4;),g (B;)} when p — —eo i.e. the two goods are

perfect complements in qualities

In compliance with the classical approach of Mussa and Rosen (1978), we assume that

consumers differ by taste and model their preferences by the following utility function:

u (Xij, 9) =0xij—p (Xij) = 0Xij —p _P? @)

where:

0 - taste variable by which consumers are identified, 0 ~ U[6 ,5],0 <0<86

p(xij) =pri+ pf - total consumer expenditure for the combination of goods A; and B

Pt = p[f (A;)] - price of good A; as a function of its quality f (A;),i=1,...,m

pf = p[g(B;)] - price of good B; as a function of its quality g(B;), j=1,...,n

The demand side of the market is represented by a continuum of consumers who
make individual and mutually exclusive purchases (i.e. buy one combination or do not
buy any good at all) from all possible m - n combinations of the available goods of the
A and B types. We follow the approach of Mussa and Rosen (1978) to identify consumers
by their taste for quality. The latter is assumed to be uniformly distributed on the support
interval [Q , 5] ,0 < 6 < 6. These simplification assumptions, common for models of
vertical product differentiation, imply that the demand for a good coincides with the
market share of its producer. Thus, they facilitate the representation of the solution of
the producer problem.

Like Kovac (2007), we assume that each consumer has the same taste for the quality

of both types of goods. Alternatively, it could be argued that the taste variable 0 is
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type-specific. That is, a different support interval can be defined for each type of good.
Then, instead of modelling consumer valuation as a product of a type-irrelevant taste
variable with a quality aggregation function, a consumer valuation aggregating function,
e.g. Xij = { (64 f(A)]P + [0 g (Bj)]p };, could be directly proposed to replace the
minuend in (4). The adoption of such an approach® would change the form rather than
the intuition behind our results in the sense that the conditions will be defined by means
of four {0,,604,05,0p} instead of only two {6, 6} consumer taste endpoint parameters.
Furthermore, there is a well-established proof in the literature that consumer taste could
be regarded as a measure of the inverse marginal rate of substitution between consumer
income and quality (see Tirole, 1988, p.96). Hence, the taste for the quality of a good
should be strictly positively correlated with the income of its consumer. Therefore,
given that consumer incomes do not vary across the products for which they are spent,
we find it reasonable to assume the same for consumer tastes. Finally, there is also a
technical argument for assumption of a type-irrelevant consumer taste variable. Namely,
the single-dimensional consumer taste space is preferable because it enables the direct
comparison of our equilibrium solution with that of the single-market case which we take
as a benchmark in our paper.

Together with the similarities, our model has also inevitable divergences from the
single-market models. The function in (4) includes two modifications of the original
function of Mussa and Rosen (1978), to make it applicable to our model of a vertically
differentiated market for combinations of complementary goods. The first modification
is prompted by the perfect complementarity of the goods being combined. It implies that

consumers could only enjoy combinations containing both types of goods in a one-to-one

>We are grateful to Eugen Kova¢ and Martin Peitz for pointing out the adoption of a multi-dimensional
consumer taste space as a less restrictive alternative to the approach we follow in this paper.
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ratio, but gain nothing from buying only a single good. We reflect this difference from
the single-market model in the utility function of (4) by replacing the single-good quality
parameter (y;) of Mussa and Rosen (1978) by the combination quality parameter J;;
defined by the function in (3). The second modification we make to the utility function
suggested by Mussa and Rosen (1978) is inspired by another trivial difference from the
single-good case. Namely, the total expenditure p (xi j) which consumers incur when
purchasing given combination A;B; is not set by any particular firm alone, but is instead
given by the sum of the prices, pf and p?, set by the two firms supplying the goods
included in that combination.

To avoid implausible negative utilities, in the single-market models, consumers are
commonly assumed to have an outside option: not to buy any quality available in the
market, but to consume a free good of inferior non-negative quality. Here, for simplicity
and without loss of generality, we assume that the outside option is of zero quality. In
addition, since we do not have a single type of good but combinations of paired goods of
two different types we introduce positive lower bounds, F' and G, on the quality choice of
firms producing goods of type A and type B, respectively:

f(Aj)>F>0forVie {l,..,m}
)
g (Bj) >G>0forVje {1,...,n}

The inequality conditions in (5) impose minimal quality requirements for a good of a
given type to be considered a market good. Accordingly, the minimal quality requirement
is the same for all producers of a particular type of good.

To establish the producers’ decision problem, we next need to derive the demand
functions that correspond to the consumer preferences expressed by the utility function

in (4). Particularly, note that in our model the market space is given by the support
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interval of the consumer taste distribution. Accordingly, the demand shares of the possible
combinations are represented by subintervals within the support interval, enclosed by
the so-called marginal taste variables. Each marginal taste variable, generally denoted
by 6;;/;j«, corresponds to a taste for quality at which a consumer would be indifferent

*

between buying combination A;B; or combination A;

B;‘-, where A;B; is of higher quality
than A;‘B}f. For easier identification, from now on, we will call it marginal taste variable
of combinations A;‘ij and A;B;.

By making use of the utility functional form defined in (4), we could show that the

marginal taste variable is given by the ratio between the price difference and the quality

difference of the two combinations:

P\Xij) — P \Xixjx
u (%ijaeij/i*j*) =u (%i*j*;eij/i*j*) = Oij/i*j* = ( )éii_%iij* J )7

forany i=1,....m; j=1,...,n; i"=1,...m; j*=1,...n; (6)

such that (i* #i) A(j* # J)

where:

0;;/ij- — marginal taste variable of combinations A;B’ and A;B; at which consumers
are indifferent between buying one or the other, given that ;- j» < J;;

Similarly, we could also derive the marginal taste 6;;/o at which a consumer would be
indifferent between buying combination A;B; or not purchasing in the market at all, as
follows:
pi+r]

Xij 7

u(%ij>6;50) = u (%0 =0,6;0) = 6;;0 =
forany i=1,...m; j=1,...,m;

where:
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8;;/0 — marginal taste variable of combination A;B; and the free outside option O at
which consumers are indifferent between buying the former and switching to the latter

As in the single-market case, when a marginal taste is within the range of variation of
consumer tastes, it plays the role of a boundary which divides the consumer population
into two groups. Or technically speaking, in our model, any marginal taste variable
belonging to the support interval [Q ) ﬂ divides the support interval into two subintervals
as shown in figure 1 below. One of the group consists of the consumers with tastes

lower than 6; If asked at the given prices to choose only between the two

J/ix e
combinations, A;B; and A;«B j+, they will strictly prefer the latter to the former. Therefore,

we call the subinterval of the tastes of the consumers belonging to this group, the

lower-quality subinterval of 6; On the contrary, the other group of consumers

i

with taste (variables)® larger than 6, will strictly prefer A;B; to AjBj«. In turn,

J/ i
we call the subinterval of the consumer taste variables belonging to this second group, the

higher-quality subinterval of 6;;;, ;.-

A*Bj*>AiBj AiBj >A*Bj*
(lower-quality subinterval) (higher-quality subinterval)
A A
3 = =1

Figure 1. Division of the support interval [Q , m into the lower-quality and

upper-quality subintervals of 8;;/;, ;..

Alternatively, if the marginal taste does not belong to the range of variation of
consumer tastes, at the given prices all consumers will prefer either the one or the
other combination. Nobody will be indifferent. In technical terms, if a marginal taste
variable 8;;;, ;. is smaller than the lower endpoint 6 of the support interval, at the given

prices, its higher-quality subinterval will coincide with the support interval, whereas its

®Throughout the paper we use “consumer taste” as a brief form of “consumer taste variable”.
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lower-quality subinterval will be empty. Similarly, if a marginal taste variable 6;;;, ;, 18
larger than the upper endpoint @ of the support interval of consumer taste distribution,
at the given prices, its lower-quality subinterval will coincide with the support interval,
whereas its higher-quality subinterval will be empty.

In order to generally define the demand for any combination A;Bj, i = 1,...,m;
Jj=1,...,n, it is also useful to categorize its marginal taste variables based on whether
A;B; is demanded by their lower- or higher-quality intervals. The first category includes
the marginal taste variables in the indices of which the combination A;B; is positioned
after the slash. These are the marginal taste variables whose lower-quality subintervals
represent the consumers who at the given prices prefer A;B; to other higher-quality
combinations. Therefore, from now on we will refer to them as lower-quality marginal
taste variables of combination A;B;. In a similar manner, we will call higher-quality
marginal taste variables of A;B; the marginal taste variables in the indices of which the
combination A;B; is positioned before the slash. That is, the higher-quality subinterval of
each higher-quality marginal taste variable of A;B; represents the consumers who, at the
given prices, prefer A;B; to another lower-quality combination.

The demand for any combination A;Bj,i = 1,...,m;j = 1,...,n, is given by the
intersection of all its higher- and lower-quality subintervals and the support interval of the
consumer taste distribution. In particular, it is equal to the difference between the smallest
higher-quality marginal taste variable 6, ; and the largest lower-quality marginal taste
variable 8;; of any particular combination A;B; provided that the difference is positive.

Otherwise, if the difference is non-positive, the demand for the combination is zero:
Dj; = max{(8;;—0;;), 0},i =12, ...m; j=12, ...m; (8)

where forany i = 1,2, ... ;mand j=1,2, ... ,n we have:
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0;; — the smallest higher-quality marginal taste variable of combination A;B,

i.e. 5,-] = min{@w(l)/ij, e ew(r;jfl)/ij’ 5}, so that:

rij — quality rank of combination A;Bj; r;j € {1,2,...,m-n}

v (rij) — inverse rank-translating function which takes the quality rank of any
combination A;B; as an argument and returns the index ij formed by the ordered pair
of quality ranks of the goods A; and B; of which the combination is formed, see table 1
below

0;; — the largest lower-quality marginal taste variable of combination A;B;,

Le. 0;; :max{Gij/W(rin), s O y(mn)» ijj0; Q}

Since the best-ranked combination A; B does not have a higher-quality marginal taste
variable (r;; = 1), the minuend of the difference term in its demand function is given by
the right endpoint 6 of the support interval of the consumer taste distribution. Similarly,
if the smallest higher-quality marginal taste variable of a combination exceeds the right
endpoint 0, the latter replaces it as a minuend of the difference term in the demand
function of the combination. Also, if the largest low-quality marginal taste variable of
a combination is smaller than the left endpoint @ of the support interval of the consumer
taste distribution, the latter replaces it as a subtrahend of the difference term in the demand
function of the combination.

In the current paper, we explore two particular market settings. First, we define the
equilibrium in a market with single type A entrant (M = 1) that is assumed to have higher
quality than any of the N potential type B entrants (f (A1) > g(Bj)). Second, we solve
for an equilibrium where the mixed-quality combinations are effectively excluded from a
market with two actual type A and B entrants, respectively.

Below, we provide a graphical illustration of how the intersection of the higher- and
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lower-quality subintervals give the equilibrium demands for the best ranked combination
A1B; in the first setting (Figure 2) and for the worst-ranked combination A>B; in the
second setting (Figure 3).

The two equilibrium outcomes depicted in figure 2 and figure 3 represent two
mechanisms in which a combination might be efficiently excluded from the market. In
figure 2 we have an equilibrium outcome where the price of one of the goods which is
present in all the combinations is so high relative to the qualities of the goods excluded
that consumers prefer to switch to the free outside option rather than to buy any of these
low-ranked combinations. In figure 3, the qualities of the excluded combinations do
not differ sufficiently from the quality of the worst-ranked combination. Accordingly, at
the optimal prices that firms choose, the less-differentiated combinations are effectively
excluded in favor of the lower-quality, but more differentiated, worst-ranked combination.
Neither of the two exclusionary outcomes can occur at equilibrium in a single-market
setting.

There is also a third mechanism for excluding a good, which Shaked and Sutton (1982)
prove to be working in a single-good market. It requires the lowest consumer
identification variable, in our model 8, to be sufficiently low so that even when a good is
priced at zero, its lower-quality taste-variable is below 6. In the current paper, this third
mechanism plays a role in preventing the entry of a third type A and/or B firm. It enters
the solution by defining the necessary condition for having only two actual entrants in the
extended version of the second setting, allowing for more than two potential entrants of a
type. We do not provide graphical illustration of this outcome below because it does not
directly refer to the definition of the demand expression in (8).

In the first setting, since we have a single potential type A entrant whose good’s quality
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exceeds the quality of any other type B good, for any of the three special cases of the
aggregation function in (3), the ranking of possible combinations follows the ranking of

the type B goods, as shown in table 1 below:

Table 1 Ranking of combinations given single type A entrant and n type B entrants

rank | combination | index
(7ij) (AiB)) (w(rij))
1 A 1B 11
2 A1B; 12
3 A1B3 21
n A1B, In

Then, as shown in figure 2 below, at equilibrium only two marginal taste variables, ;1 /1,
and 0;;/9, have values that exceed the left endpoint 6 of the support interval of the

consumer taste distribution.
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Figure 2. Demand D;; for combination A;B; defined by the intersection of
the subintervals of its marginal taste variables and the support interval of the
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consumer-taste distribution given a single potential entrant of type A and N potential
entrants of type B.

The value of the marginal taste variable 6y g is so high that it exceeds not only 6 but
also the marginal taste variable 6;,15. As a result, there are consumers with tastes lower
than 6,y and higher than 6y /1, who prefer the free outside option to combination A; B}
and, by transitivity, to combination A B,, as well. Accordingly, the consumers with tastes
lower than 6;;,1, will also by transitivity prefer the outside option to A;B;. Thus, the
equilibrium outcome presented in figure 2 implies that all consumers prefer to buy either
the best combination A;B; or the free outside option, which makes good B, unsalable.
By induction we could show that this would be the case with any other B-type producer
whose good is not going to be ranked the best after entry. Therefore, at any positive spread
of consumer tastes, provided that there is a single entrant of type A, A{B; will be the only
salable combination, with its demand given by the difference between 6 and 6, /o0 The
right endpoint 6 of the support interval takes the place of the minimal higher-quality

marginal variable 6; in (8) because A1B; is the best-ranked combination and as

—Jj=/ij
such cannot have a higher-quality marginal variable. Accordingly, 6o is the largest
lower-quality marginal variable of A1B; and as such it takes the place of the subtrahend
in the general demand function (8) fori = j = 1.

Such a market, where not all consumers are served by the incumbent firms, but in
which some low-taste consumers instead switch to the outside option, is said to be
not covered by those (incumbent) firms. Accordingly, the market coveredness and the
number of entrants with positive market shares are commonly recognized in the existing
literature as defining characteristics of the equilibrium outcome in any market with

product differentiation. Since in our setting we have only single-product firms, neither

of which alone is able to define the amount p(y;;) spent for any particular combination

68



of goods A;B;, in what follows we prefer to talk not about firms, but about combinations
covering the market.

In the second setting that we consider, there are two actual entrants of each type
offering goods of distinct qualities, so there could be two different rankings of their

combinations as follows:

Table 2 Possible rankings of the combinations given two entrants of both types A and B

rank ranking 1 ranking 2
1 A 1B A1B
2 A1By AsB;
3 AsB; A1B,
4 AsrB) ArB>

In figure 3 below, a particular equilibrium outcome is depicted for the case when ranking 1

holds.
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Figure 3. Demand D;, for combination A;B, defined by the intersection of
the subintervals of its marginal taste variables and the support interval of the
consumer-taste distribution given two entrants of each type, A and B.
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As we will show in the next section, under certain conditions sufficient for having the

69



equilibrium outcome in figure 3, the outcome is the same at the both rankings 1 and 2.
Namely, 60y 2, is of lower value than 6;;,1, and 6y /1. Accordingly, there are consumers
with tastes larger than 6,y /5, and smaller than 6y, and 6,15, who at the equilibrium
prices prefer to buy A;B; to A;B;, and A>B, to AjB; and A;Bj, respectively. By
transitivity, this implies that all consumers with tastes larger than 6,5, buy A;B; but
not A;B; or AyBj. By the same reasoning, all consumers with tastes smaller than 6y /7,
buy A;B, but not A;B; or A;B;. Thus, only the best- and the worst-ranked combinations
are salable at equilibrium.

Based on the consumers’ demand for the possible combinations of the available goods
of each type, producers solve a decision problem which can be represented by the
following 3-stage game:

Stage 1: Firms simultaneously decide to enter the market or not.

There are M potential entrants of type A and N potential entrants of type B. There are
no multi-product firms. Accordingly, each entrant faces a different technological frontier
which is a restriction from above on the characteristics of the best good that it is capable
of producing. This is important for the entry decision of each potential entrant because,
upon entry, besides the other features the restriction from above will also constrain the
mutually-agreed mix of characteristics by which consumers value the type of good the
entrant offers. Therefore, in the model we introduce an individual upper bound on the
quality choice of each firm, which is already known by potential entrants before entry.
We will call this upper bound maximal quality constraint.

Since all consumers agree on the ranking of the characteristics of the goods of the
same type, ranking the potential entrants in descending order of their maximal quality

constraints should not vary among the consumers. Hence, the rank of the maximal quality
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constraint of a potential entrant is a unique identifier that allows us to distinguish it from
the others. Indeed, it represents the rank of the best potential product a firm could produce
in a kind of a virtual pre-market competition with the other potential entrants of the same
type. Thus, the rank of a potential entrant’s maximal quality constraint plays the same role
as a firm’s brand does in the real world. It sends a signal to the consumers (as well as to
the other external stakeholders of the potential entrant) about what is the best quality that
a firm can produce. Therefore, below we rank in descending order the maximal quality
constraints of the potential entrants of type A and B and denote them by F, k=1, ... , M

and G;, [ =1, ... ,N, respectively:

F1>F2>F3> >FM (9)
G1 >GQ>G3> >GN (10)

Stage 2: Entrants choose the qualities of their goods simultaneously.

Let m entrants of type A and n entrants of type B be in the market after the first
stage, m € {1,...., M}, n € {1,...,N}. We identify actual entrants in the same way as
the potential entrants. Each actual entrant of type A is associated with the rank i of its
maximal quality constraint Fj,, i = 1,...,m within the subsequence of sequence (9) which
is formed by arranging in descending order the maximal quality constraints of the actual

entrants of type A, as follows:

Fkl >Fk2 >Fk3 > .. >ka (11)

Similarly, each actual entrant of type B is associated with the rank j of its maximal quality
constraints (_}lj, Jj =1, ... ,n within the subsequence of sequence (10) which is formed by

arranging in descending order the maximal quality constraints of the actual entrants of
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type B, as follows:

Gll > Glz > (_;13 > > Gln (12)

To clarify the transition from potential entrants’ ranking to actual entrants’ ranking,
imagine a situation in which the first two best-ranked potential entrants of type A decide
not to enter in the first stage of the game but the third best-ranked potential entrant decides
to enter the market. Then, the third best-ranked potential entrant will in fact have the
best-ranked maximal quality constraint from all the actual type A market entrants, so that
in stage 2 its constraint from above will have rank 1, that is Fkl = F3. As we will show
later, this will never be the case at equilibrium. In fact, at equilibrium the m actual entrants
are the m best-ranked potential entrants. It cannot be optimal for either of them to stay
out of the market, given that at the same time market entry is an optimal choice for any
lower-ranked potential entrant. Similar examples and comments about the equilibrium
outcome after the entry stage can also be made for the type B entrants. That is, the
rankings in (11) and (12) characterize only the transition to the equilibrium outcome,
but not the equilibrium itself. The equilibria established in the next section are therefore
definable by solely using the notation for the maximal quality constraints of the potential
entrants in (9) and (10).

After observing how many firms of each type have entered the market in the first
stage, every actual entrant i of type A chooses the quality of its good f (A;) from within
the interval [E ,Fki], while every actual entrant j of type B chooses the quality of
its good g (B j) from within the interval [Q, Elj}. Entrants make their quality choices
simultaneously. The chosen qualities represent the same mix of characteristics of the

goods of each type on whose ranked value consumers are assumed to mutually agree
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according to (1) and (2).

Stage 3: Firms compete in prices.

After making their quality choices in the second stage, firms observe the available
qualities in the market and simultaneously choose the prices of their goods. Possibilities
for product extension mergers, collusions and tying practices imposing pre-selected
bundles on consumers are precluded in the model.

The payoffs of the firms are given by their profits. For simplicity, production costs
are assumed to be zero for all the producers of both types so that, for each firm, profit
coincides with revenue. The demand share of a good is given by the sum of the demand
shares of the combinations in which it takes part. Accordingly, dependent on the type
of its good, the decision of a market entrant at the second and third stage can be jointly

represented by one of the following profit-maximization problems:

n
f(r;l?iAH?zR?zp?Df‘:pf‘ZDﬁ, i=1,...,m (13)
i)sPi j=l1
g(rga;xp 1% =R? = pPDf = pf ZD,,, j=1,. (14)
e
where:

H‘;‘ - profit of the producer of type A good with quality rank i
H? - profit of the producer of type B good with quality rank j
Rf‘ - revenue of the producer of type A good with quality rank i
R‘]? - revenue of the producer of type B good with quality rank j
D‘i“ - demand share of type A good with quality rank i

D? - demand share of type B good with quality rank j

If a firm decides not to enter the market in the first stage, its profit is zero.
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We solve the model first with exogenously set number of entrants. We start with
a model setting in which there is a single type A entrant and n potential type B
entrants. We assume that the consumer taste distribution satisfies the condition of
Shaked and Sutton (1982) for at least two entrants with positive market shares at a
single-market equilibrium. Our aim is to show that only the firm offering the best-ranked
type B good could still have positive market share at the equilibrium with only one
type A entrant. Then, we continue by analyzing a setting with two type A and two
type B entrants to define the conditions expressed in terms of the constraints on the
quality choices of the firms for having the mixed-quality combinations unsalable at a
covered-market equilibrium. Again the consumer taste distribution is assumed to satisfy
the single-market condition of Shaked and Sutton (1982) of exactly two entrants with
positive market shares. Finally, we define sufficient conditions of at most two entrants of
a type at equilibrium and show that these conditions are stricter than the single-market
conditions of Shaked and Sutton (1982). Under these more restrictive conditions, we
establish an equilibrium at which only the best and the worst combinations in the market
have positive market shares and cover the market. The results are formally presented and

discussed in the next section.

2.3 Equilibrium Solutions

In this section we discuss the results of the solutions of our model settings. Here we
present only the intuition behind the equilibrium outcome, while rigorous solution are
provided in the appendix. We are interested in exploring the conditions for having a
covered-duopoly market where only the best and worst combinations have positive market

shares. However, we reach it gradually.
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First, we establish the equilibrium solution for the case with only a single type A
entrant who faces higher maximal quality constraint than the n type B entrants.
Accordingly, for any of the three special cases of the aggregation function in (3), the
ranking of possible combinations follows the ranking of the type B goods as shown in the
previous section (table 1). We show that the variability of the consumer identification
variable (the taste variable in our model) should satisfy the same condition as in
Shaked and Sutton (1982) for having at most two type B entrants with positive market

shares. This is formally stated in proposition 1 below.

Proposition 1.  Given that the number of type A entrants is restricted to one, let
the parametric endpoints 6 and 6 of the support interval, on which consumers’ tastes are
assumed to be distributed, satisfy the following condition:

<0 15)

|

Then, of any n potential type B entrants at most two will have positive market share at
equilibrium.

Proof: see section A of the appendix

Distinct from the single-market equilibrium outcome, at certain conditions the optimal
solution of the particular case with a single entrant offering a complementary type A good
implies not two but only one type B entrant with positive market share. Furthermore,
the result is independent of the distribution of the taste variable. As shown in figure 2,
A1B; is the only possible combination demanded by consumers at the optimal price
chosen by the single type A entrant. By being the sole type A entrant, the supplier
of good A is in a similar position to that of a classical monopolist. It maximizes its
revenue by setting a price at which only the consumers with elastic demand would buy
its good. However, when the best-ranked type B good is sufficiently differentiated from
the goods of the rest of the potential entrants, all the consumers with elastic demand buy

Aj only at equilibrium. That is, the taste at which consumer demand for A B is exactly
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unit-elastic is actually the one at which consumers would be indifferent between buying
the best-ranked combination or switching to the outside option. Accordingly, if there
are consumers with lower tastes, they will strictly prefer the outside option. That is, the
market will not be covered at equilibrium. The result is established in proposition 2 below.
Proposition 2. Given that the number of potential type A entrants is restricted to one
and the maximal-quality constraints of the two-best-ranked type B goods are related as
follows:
_ _ 9 _
>G> ZGZ (16)
of any n potential entrants of type B exactly one will have positive market share at

equilibrium. The result holds for any 8 < 0 and for ¢ — {0, 1}. Furthermore, the market
will not be covered as long as the following condition holds:’

6 < a7

| D

Proof: see section B of the appendix.

This situation resembles a standard case in the literature on applying product tying
as a market power leverage device where the producers of the two types of goods are
assumed to offer them in different markets. As a result, the firm operating as a monopolist
in one of the markets is in a position to decide whether to exclude the lower-quality
producer in the other duopoly market (Whinston, 1990, p. 841). Therefore, the monopoly
market is usually designated as core market, while the competitive market is designated
as adjacent market whereas the good sold on the core market is called bottleneck good
(Rey and Tirole, 2007, p. 2183). Since, in our setup, firms make decisions independently,
we could consider the type A entrant as operating in a separate market, let us call it
market A, from the market in which the type B entrants operate, let us call it market B.

Accordingly, good A; plays the role of a bottleneck good. Distinct from the situation

"In a single-good model, condition (17) is sufficient for at least two goods of distinct qualities to
have positive market share. Together with condition (15), it ensures covered duopoly at equilibrium. See
(Shaked and Sutton, 1982, p.7).
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described in (Whinston, 1990), however, the market-power leverage outcome is achieved
in our solution without the entrant in core market A to have to tie its good to the good
produced by any of the potential adjacent market B entrants. Indeed, the consumers are
free to buy the bottleneck good A; in combination with the good of any of the n type B
entrants. However, the consumers who value A; sufficiently high to buy it at its monopoly
price, are too demanding to compromise with the quality of the best-ranked type B good,
which discourages the lower-ranked firms of type B from entering the market.

The result established in proposition 2 implies that the presence of a complementary
good of superior quality offered by a monopolist in market A might change the
equilibrium outcome in market B from a covered duopoly into a non-covered monopoly.
The condition for having such an outcome at equilibrium is that the best-ranked good in
market B must be sufficiently differentiated from the rest of the type B goods as required
by the second inequality in (16). Furthermore, in section B of the appendix we explore
the possible equilibrium solutions if the best-ranked type B good is not so differentiated.
We show that a non-covered equilibrium with more than one actual entrant in market B
cannot exist. The single entrant in market A will always apply exclusionary pricing,
given a non-covered market. An outcome with more than one entrant could occur only
at a covered-market equilibrium. Still, we could have at most three entrants, because
the existence of a covered-market equilibrium requires the consumer taste spread to be
restricted from below (g < Q). Otherwise, the type A producer again prefers to charge
an exclusionary price for its good. Accordingly, for having exactly three entrants at
equilibrium the condition in (15) also needs to be relaxed ( 0 < g) .

In the second setting for which we provide a solution of our model, there are two

potential type A entrants and two potential type B entrants. With this analysis, we move
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towards answering the key question in the present paper. Namely, we are interested
to define the conditions under which an equilibrium exists at which only the most
differentiated possible combinations of the available goods are actually sold.

In contrast to the first setting, here, there is no asymmetry between the two types
of goods in terms of the number of potential entrants that offer them. We have two
potential type A and two potential type B entrants. Therefore, the ranking of the possible
combinations cannot be deduced directly from the difference in the qualities of the
best-ranked goods only. Indeed, as shown in table 2 of the previous section, when there are
two potential entrants of each type, their goods have four possible combinations, for which
two possible rankings exist. For any of the three special cases of the aggregation function
in (3), combination A B formed by the best goods of both types has the lowest rank 1,
whereas the combination A;B; formed by the worst goods of both types has the highest
rank 4. The only uncertainty is which of the two mixed-quality combinations is better,
A1B; or A B1. The determinant of the preference relation between the two combinations is
given by the relation between the qualities of type A and type B. The particular condition,
however, depends on the elasticity of substitution ¢ between the qualities of the two types
which is present through the parameter p in the quality-accumulation function in (3).
The rigorous expressions of the conditions for each relation in the three special cases of
substitutability between the qualities of the two types of goods are presented in part C of
the appendix. Proposition 3 below establishes general sufficient conditions for ranking 1

in table 2 to hold at any of the three values which p is assumed to approach.

Proposition 3. Given two entrants of each type in the market and ¢ — {—o0,0,1},
the combinations formed by the better type A good would be of higher rank than the
combinations formed by the worse type A good if the following relation between the
qualities of the available goods holds:

f(A1) > g(B1) > g(B2) > f(A2) (18)
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Proof: see section C of the appendix

Since ranking 2 is a mirror image of ranking 1, a general sufficient condition for it
could also be derived. It is given by trading the places of f(A;) and g (B;) for i = j

in (18):

g(B1) > f (A1) > f(A2) > g(Ba) (19)

The quality relations in (18) and (19) imply that the type of good with greater
differentiation is the one whose quality matters more for the ranking of the combinations.
That is, from the two mixed-quality combinations the one with the better-ranked good of
the more differentiated type is also of higher rank.

No matter which of the two mixed-quality combinations is of higher rank, we cannot
have both mixed-quality combinations salable at a covered-market equilibrium if the
quality difference between the combination with rank 2 and the best combination exceeds
the quality difference between the combination with rank 3 and the worst combination:

X11 — X12 > X21 — X22, if ranking 1 or,
(20)

X1 — X21 > X12 — X22, if ranking 2
When the condition in (20) holds, the denominator of the marginal taste variable of
the former pair of combinations is larger than that of the latter pair. At the same time,
the general expression in (7) implies that the two marginal taste variables have the same
numerator given by the difference of the prices of the goods of the less differentiated

type. Hence, the marginal taste variable of the higher-ranked pair of combinations is
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smaller than that of the lower-ranked pair of combinations:

B_ B B_ B
Pr— 1 < P1— P = 051/22, if ranking 1 or,
X11— X2 X21—X22 Q1)

B _ -
Xi1—X21  X12—X22

O11/12 =

011/21 = = 912/22, if ranking 2

The inequalities in (21) imply that it is not possible for both the former marginal taste
variable 61, (resp. 6;1/21) to be larger and the latter marginal taste variable 6, /7,
(resp. 613/22) to be smaller than the marginal taste of the two mixed-quality combinations
01221 (resp. 61/12). There is either only one of the combinations salable at equilibrium
or neither of the two.

To understand the intuition behind the possible equilibrium outcomes when the
rank-related conditions in (20) hold, note that when the worst-ranked combination A>B»>
is of sufficiently higher quality than the free outside option to cover the market, the rank 3
combination is the least differentiated from its neighbors by rank. Accordingly, the
suppliers of the goods in that combination are subjected to strong competitive pressure
to decrease their prices in order to make the combination salable. However, the firm
offering the lower-ranked good of the more differentiated type in the rank 3 combination
prefers to keep its price high because the sales of the worst combination, in which its
good is also present, are not threatened by the outside option. Similarly, the firm offering
the higher-ranked good of the less differentiated type is better-off selling its good to the
highest-taste consumers, who buy it as a part of the best-ranked combination. Indeed, the
resulting additional revenue compensates for the lost sales of the good as a part of the
mixed-quality rank 3 combination.

The competitive pressure experienced by the suppliers of the goods in the rank 2

combination is not as strong as that faced by the firms supplying the goods in the rank 3
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combination. On the one hand, the inequalities in (20) ensure that the differentiation of
the rank 2 combination from the best-ranked combination is larger than the differentiation
of the rank 3 combination from the worst-ranked combination. On the other hand, one of
the goods in the rank 2 combination takes part also in the worst-ranked combination A> B>
sold to the lowest-taste consumers. Therefore, its supplier should not necessarily lose
when the rank 2 combination has no demand. Indeed, the revenue from the worst-ranked
combination would compensate for the lost sales of the rank 2 combination if it is at least

as differentiated from the best-ranked combination than from the worst-ranked one:

X11— X12 > X12 — X22, if ranking 1 or,
(22)

X110 — X21 > X21 — X22, if ranking 2
The condition in (22) is necessary and sufficient for both mixed-quality combinations
to be unsalable at a covered market equilibrium. To establish this equilibrium, however,
the condition on the combination qualities in (22) as well as the condition for a covered
market need to be translated into a condition on the constraints of the good quality choices
of the market entrants of each type. The result is formally presented in proposition 4

below.

Proposition 4. Given the distribution of consumer’s taste according to the conditions
in (15) and (17), let two firms of each type enter the market. Then, if whichever of the
following alternative relations characterize their quality-choice ranges:

3F - 6. 6
CEGSF >G> 2G> oF 23
Y T (23)
3G - . 6. 6

L ES G s F > 2Fs 26 24
2G, - C1o sk 58 24

for o — {0, 1} the following subgame equilibria exist in the last two stages:

1. at the quality-choice stage the maximum differentiation outcome prevails: see the
expressions in (D6) in the appendix
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2. at the pricing stage the optimal prices are given by the expressions in (D2) in the
appendix.

Proof: see section D the appendix.

There are three moments in proposition 4.

First, the condition in (22) for both mixed-quality combinations to be unsalable holds
only if the two goods are not perfectly substitutable in quality. That is, the negative
impact of the quality of the lower-ranked good on the aggregate quality of any of the
two mixed-quality combinations should not be perfectly compensable by the respective
positive effect of the quality of the higher-ranked good. Otherwise, the quality of the
rank 2 combination will be more similar to the quality of A;B; than to the quality of A;B>.
So, there will be positive demand for the rank 2 combination at the equilibrium prices. In
the other two forms of the quality aggregation function we consider, namely, non-perfectly
substitutable (0 — 1) and perfectly complementary (¢ — 0) qualities, for the condition
in (22) to be satisfied, the quality of the higher-ranked good of the less differentiated type
is sufficient to exceed that of the lower-ranked good by at least six-fifths.

Second, if there is demand only for the best-ranked and the worst-ranked combinations,
the optimal quality choice of the suppliers of each of the two types of goods is to
maximize the difference between their products. That is, the firm with the higher maximal
quality constraint of one of the types will choose that maximal quality for its good
whereas the other firm offering the same type of good will choose the minimal quality
constraint. Thus, by setting the range marked by the higher maximal quality constraint
and the minimal quality constraint of a type to be a subinterval of the range marked
by the corresponding quality constraints of the other type, the latter type will be more

differentiated at the equilibrium established in proposition 4. In addition, we require the
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higher maximal quality constraint of the less differentiated type to exceed the minimal
constraint by at least six-fifths to ensure the validity of the sufficient condition for (22) to
hold as discussed in the previous paragraph.

Third, as the equilibrium established in proposition 2 for the setting with a single
type A entrant, the equilibrium with two type A entrants and two type B entrants in
proposition 4 is defined for distribution of the consumer identification variable that
satisfies the conditions in (15) and (17). They are those proven by Shaked and Sutton
(1982) to be necessary and sufficient for exactly two entrants with positive market shares
to cover a single market at equilibrium. As discussed above, for the market to be covered
at this setting, the quality of the worst-ranked combination needs to be sufficiently greater
than the quality of the outside option, respectively not much smaller than the best-ranked
combination. This is ensured by the first left-hand inequality condition in (23) and (24),
respectively.

Finally, we establish the conditions for having exactly two entrants of a type at the
entry-stage subgame equilibrium at a setting where there are more than two potential
entrants. The key question is if two goods of each type could fit the market, whether
a third good of either of the two types cannot enter and have a positive market share at
equilibrium. In this sense, note that the optimal prices are negatively related to the number
of market entrants. The more entrants, the stronger the price competition between them
is. Therefore, if we can establish a condition at which the entry of just a third firm is
effectively deterred because it faces too low best-response prices from its competitors,
the condition will imply that these prices will be even lower in case of more than three
entrants. The effective deterrence of a third entrant again depends on the relations between

the qualities of the two types of goods and the corresponding ranking of the combinations
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they form. The equilibrium at which a potential third entrant is effectively excluded from

the market is established in proposition 5 below.

Proposition 5. For ¢ — {0, 1}, let the consumer taste distribution be characterized
by the following inequality condition:

4 — - 26
(211 X22)9§Q<_9 (25)

6X11 — X22 3

Then, if the quality-choice ranges of the three potential entrants with highest maximal
quality constraints satisfy whichever of the following alternative relations:

Fy > Gy > 2G5 > 2 max{F;,G} > 2 min{F;,G} > 2F (26)

G| > F| > 2F; > 2 max{G3,F} > 2min{Gs3,F} > 2G (27)

a subgame-perfect equilibrium exists, which is established by the solution of the
three-stage game below:

1. Only the two firms with the highest maximal quality constraints of each type enter
the market, the rest do not enter.

2. The optimal quality choices of the two entrants imply maximum product
differentiation (see the expressions in (D6) in the appendix)

3. The optimal prices are given by the expressions in (D2) in the appendix.

Proof: see section E of the appendix

The effective market exclusion of a third entrant of whichever type requires a wider
range of quality choices (Gl > 2Q) or (F; > 2F) than is sufficient for having the subgame
equilibria with an exogenously set number of entrants in proposition 4. As a result, the
condition for a covered market in (25) is more relaxed than in (15) and stricter than in
(17). It restricts the lowest consumer taste from below instead of the higher maximal
constraints from above. The optimal quality and price choices remain the same as in

proposition 4.
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2.4 Conclusion

In this paper we introduce a stylized model of price competition in two adjacent vertically
differentiated markets for complementary products manufactured and offered by different
firms. The setting analyzed here differs from the case considered in the classical literature
on vertical differentiation where goods are assumed to be offered independently in a
single market. By introducing vertical product differentiation in a multi-market setting
we also suggest an alternative market structure, natural (endogenous) duopoly, instead of
the classical (exogenous) duopoly structure commonly assumed in the existing literature
on adjacent markets.

We show that when the two types of goods combined are complements, consumed in
a fixed one-to-one ratio, the producers of the high-quality goods of each type might find
it optimal under certain conditions to charge prices at which the combinations they could
form with the low-quality goods of the other type are unsalable. As a result, if there is
only a single entrant in one of the markets, at equilibrium it would charge a price for its
good which makes all the combinations except the best one too expensive to be sold in the
other market, which thus becomes a monopoly. This monopoly outcome in the adjacent
market will prevail even if the distribution of consumer tastes satisfies the condition for
a covered-duopoly market in a single-market setting. Specifically, we assume that the
smallest consumer taste is more than two times but at most four times smaller than the
largest consumer taste. Furthermore, with this condition fulfilled, neither market will be
covered at equilibrium, which is to say that there will be at least one consumer who will
prefer the free outside (non-market) option to the only available top-quality combination.

In a setup with two entrants of each type, the producers of the type of good with the
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more differentiated qualities will have more market power. Again, as in the single-entrant
market setting, these producers might find it optimal under certain conditions to charge
prices at which the combinations formed by high-quality good of the one type and
low-quality good of the other type will not have positive market shares. Such an outcome
where these mixed-quality combinations are effectively driven out of the market could
occur at equilibrium only if the two types of goods are not perfect substitutes in qualities.
In addition, the differentiation between the high and low quality of one of the types should
be sufficiently larger than the differentiation between the high and low quality of the
other type of good for the quality of the second-best combination to exceed the median
between the best combination and the worst. The discrepancy between the two quality
differentiations should also be restricted from above for the market to be covered by the
worst-quality combination.

Further, we explore the conditions for having exactly two entrants of a type at
equilibrium, given free market entry for the both types of firms. We show that a stricter
condition on the consumer taste distribution must be imposed than that derived for the
single-market case. In particular, for the efficient foreclosure of a third entrant, the
upper bound on its quality choice needs to be exceeded at least twice by the upper
bound on the choice of the firm supplying the best-quality good of the same type. The
resulting market exclusion of the mixed-quality combinations provides a new explanation
of the self-selection bias in consumption observed in some industries where there are no
tying arrangements (e.g. business-trip transportation and accommodation, real-estate and

furniture, PC hardware and software).
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Appendix (Mathematical Proofs)

A. Proof of Proposition 1
The proof of the sufficient condition for having at most two entrants of type B at
equilibrium follows the procedure suggested by Shaked and Sutton (1982). However,
here we apply it to the model setting with two types of complementary goods, single
entrant of type A and consumers identified by taste but not by income.
Suppose that all n entrants of type B in the market have positive market shares. The
respective profit-maximization problems that they solve at the pricing stage could be
derived from the expressions in (14) by substituting sequentially for the marginal tastes
from the expressions in (6), (7) and the demands in (8), given the ranking in table 1 as
follows:

B BB B /A B~ P?_pg
maxIT{ = p{D{ = 6—6 = 0—— "~
13 piD? =pi ( 11/12) Pi ( P —Xlz)
B B B B
Pi—P, P D3
maxT15 = p§DF = p5 (6111, — 6 :pB( - )
o 203 = p3 (61112 = 01o13) = > Xi1—X12  Xi2—Xi13

. PR (B1n1/1,—8), if6y,0<86 (AD

pﬂ B ]
Pn (91n71/1n - 91n/0) , if 01,0 > 0

B ( Pa1—Pn . B
Pn (%1n71—)€1n _Q> ’ if py; < X1.0— P‘?

B B B
B Pn—1"Pn _ 17‘?-5—[),1 . B .
Pn (Xlnq*)(ln Lin > s 1 py > X108 p’f

The corresponding first-order optimality conditions could be represented by the
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following system of equations:

_ p129
6-26 -z =0
t/12 X1 —Xu
A
Xi1—X12 Xi2—X13

O11/12— 261213 —

(A2)

91n—1/1n -0 — ﬁ =0, ifpf < X1.6— P’i\
P P e B
Oin1/1n —Ompo— 7t — = =0, if pf > 1,0 - pff

The system of first-order optimality conditions in (A2) implies the following inequality

relations of the marginal taste variables at equilibrium:

_ 2719, if pB < 31,0 pt
0> 2611/12 > 4612/13 > ... > 2k_191k_1/1k > > (A3)

2"16y,/0, if pE > 21.0— P}

Hence, when condition (15) holds, we should have the following inequality fulfilled:
012/13 <8 (A4)

which implies zero market share for the entrants with quality rank larger than two.
Therefore, when condition (15) is satisfied at most two entrants of type B will enter the

market at equilibrium. Q.E.D.
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B. Proof of Proposition 2
Suppose one entrant of type A and n entrants of type B all with positive market shares.
The profit-maximization problem that the single entrant of type A solves at the pricing
stage could be derived from (13). As in appendix A above, we derive it by substituting
for the demand from (8) and for the marginal tastes from the expressions in (6) and (7)

according to the ranking in table 1 as follows:

maxI1{ = p{D} = p} (6 —61,0) = p! (é— (B1)

1

p’?ﬂ?ﬁ)
Xin

We first assume non-covered market at equilibrium to show that when such an
equilibrium exists there cannot be more than a single entrant with positive market share.

The corresponding first-order optimality condition looks as follows:

0—2601,)0+ =0 (B2)

In

The equation in (B2) implies the following inequality that must hold for 6y, at

equilibrium:
(B3)

which implies non-covered market outcome only if (17) holds.
Furthermore, combining (B3) with (A3) yields the following result for the marginal

tastes at equilibrium:
O11/0 > O11/12 > 201213 > .. > 2572001y > . > 2" 0,1, (B4)

which precludes the existence of a non-covered market equilibrium for n > 1. Exactly one
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entrant of type B could have positive market share if a non-covered equilibrium exists.
The condition in (17), however, is only necessary but not sufficient for the existence of
a non-covered equilibrium. The sufficient condition is the payoff of the entrant of type A
to be higher in case of non-covered market than in the case of covered market. So, now
we derive these payoffs explicitly.
Since the existence of a non-covered market equilibrium implies a single entrant in
market B, there is only one combination available, A1B;. Accordingly, the entrant in

market B faces the same profit-maximization problem as the entrant in market A:

B B
max IT{ = pf (5— M) maxIT§ = p¥ <§— M) (B5)
| X1 P X1
Therefore, the solution for their prices is also symmetric:
* * 5%1 1
R (B6)

By substituting for the prices from (B6) in the expression for the higher-quality
marginal taste variable of combination A|B; we show it to be given by a fixed two-thirds

share of the highest consumer taste 0:

. pA* +pB* 2_
11/02—1 m L :§9 (B7)

Hence, the necessary condition in (17) for the non-covered assumption to hold at

equilibrium could be strengthened as follows:

|

(B8)

|
AN
IR
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Finally, we derive the payoff of the entrant of type A by substituting for the optimal

prices from (B6) in the expression for I'Ifl‘ in (B5):

52
I = 5 (B9)

The existence of a covered-market equilibrium where all the n entrants of type B have

positive market shares implies the following inequality to hold:

*% Bxx
01000 = n <6 (B10)

x1n

where p‘i‘** stands for the optimal price of the good of the entrant of type A given the
market is covered by combination A;B,, while we denote by p5** the optimal price of the
good of the lowest-ranked actual entrant in market B.

We could re-write the inequality in (B10) by leaving only p’i‘** on the left-hand side:
P < 0xln—py (BI11)

After setting the price of the lowest-ranked good of type B to be equal to the zero
production cost of its producer, the right-hand side of (B11) gives us the value of the
maximal price the entrant of type A could charge its good while still preserving the

coveredness of the market:

P = 0x1n (B12)

Since at a covered-market equilibrium, all consumers buy the good of the entrant of
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type A, its maximal revenue is given by the following expression:

52
I = 5 A (B13)

Comparing the expressions for the profit of the entrant of type A in (B9) and (B13)
allows us to derive the condition for the former to exceed the latter:

72
n — B14
X1 <9(9—Q)QXH (B14)

Note that the fraction in front of ¥;; on the right-hand side of the inequality in (B14)

is strictly decreasing in @ for @ satisfying the condition in (17):

ORI
96-0)6)  9°(0-20) 6
26 = —9(5_@2_2 <0, for 6 < 7 (B15)

Hence, we could derive the lowest value this fraction could have by substituting for

0 = g in (B14). Then, the condition for the profit of the entrant of type A to be larger at

a non-covered equilibrium in (B14) could be re-written as follows:

Xin < g%n (B16)
Now for proving the result in proposition 2, it only remains to check for which of the
three cases of substitutability between the qualities of the two types of goods the condition
in (16) is sufficient for the inequality in (B16) to be satisfied.
Beforehand, however, note that since x1, < x11 by definition, the inequality in (B14)
would always hold as long as the numerator of the fraction in front of );; exceeds its

denominator. This implies that we could have covered-market equilibrium only if the
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spread of consumer tastes is restricted from below as follows:

(B17)

|
[\
VA
No)
—
|
|
)
SN—"
|
|
VAN
<3| @

Then, the result in (A3) implies that when (B16) holds at most three entrants could
have positive market shares. Thus, since the inequality in (B16) is a necessary condition

for having a covered-market equilibrium, we cannot have more than three actual entrants

at such an equilibrium.
Below, we translate the sufficient condition in (B16) for having non-covered monopoly

equilibrium outcome in market B into a particular condition on the maximal-quality

constraints of the potential entrants for each of the three cases of substitutability between

the qualities of the two types of goods.

First, if the two types of goods are perfect substitutes in qualities (G — oo), the

inequality in (B16) takes the following form:

OF (A1) +98 (Ba) <4f (A1) +4g (B1) = f(a) < STV B gy

which can never be satisfied as long as the condition (f(A;) > g(B;)) for having the

ranking of the combinations in table 1 holds.

Second, if the two types of goods are imperfect substitutes in qualities (o = 1), the
inequality in (B16) takes the following form:

Of (A1)8 (B2) <4F (A8 (Br) = (B1) > 5(B2) ®19

Third, if the two types of goods are perfect complements in qualities (¢ — 0), the
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inequality in (B16) takes the following form:

9
9g (By) <4g(B1) = g(B1)> 18(32) (B20)

The inequality conditions in (B19) and (B20) are trivially satisfied if the
condition in (16) holds. Hence, condition (16) is sufficient for having a monopoly
non-covered market outcome at equilibrium provided that the spread of consumer tastes
satisfies the necessary condition in (B8). When the latter condition does not hold
(i.e. if 8 > 20 > 18), however, the result in (A3) implies that the market will be covered
by the best-ranked combination A;B; at equilibrium. Therefore, condition (16) is
sufficient for having a monopoly market outcome independent on whether the necessary
condition in (16) is satisfied. That is, its weaker statement in (17) just ensures that the

monopoly outcome will occur at a non-covered market equilibrium. Q.E.D.
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C. Proof of Proposition 3
In this section of the appendix, we derive the conditions for the following inequality to

hold:

X12 > X21 (ChH

i.e. A1B; to be preferred to A By, at all the three special cases of the quality aggregation
function.
Case 1: f (A;) and g (B;) - perfect substitutes (p — 1)

First, let’s suppose that the qualities of goods of type A and the goods of type B are
perfect substitutes. That is, the quality of any combination A;B; is given as a linear sum
of the qualities of the goods of types A and B that form it: x;; = f (A;) + g (B})

Substituting for the combination qualities in (C1) yields the following result:

f(A1)+8g(B2) > f(A2) +g(B1) (C2)

which after rearrangement takes the form below:

f(A1) = f(A2) > g(B1)—g(B2) (C3)

i.e. the difference between the qualities of the goods of type A should exceed the

difference between the qualities of the goods of type B.
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Case 2: f (A;) and g (B;) — non-perfect substitutes (p — 0)

Second, let’s assume that the goods of type A and the goods of type B are non-perfect
substitutes. That is, the qualities of the combinations that any pair of goods of
types A and B form are given by the product of their qualities (particular Cobb-Douglas
functional form): x;; = f(4i) g (B))

Substituting for the combination qualities in (C1) yields the following result:

f(A1)g(Ba) > f(A2)g(B1) (C4)

which after rearrangement takes the form below:

> (&)}

1.e. the ratio between the high quality and the low quality of type A should exceed the
respective ratio of the qualities of the goods of type B.
Case 3: f (A;) and g (B;) — perfect complements (p — —oo)

Third, let’s assume that the goods of type A and the goods of type B are perfect
complements. That is, the qualities of the combinations that any pair of goods of
types A and B form are given by the smaller of their qualities (particular Leontief
functional form): x;; = min [ f(A),g (B ])}

Substituting for the combination qualities in (C1) yields the following result:

min[f (A1), g (B2)] > min[f (A1), (B1)] (C6)
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which is equivalent to the following sufficient condition:

g(B2) > f(A2) (C7)

i.e. the low quality of type B should exceed the low quality of type A.

The quality ranking in (18) is sufficient for all the three conditions (C3), (C5) and (C7)
to be fulfilled. Hence, for having (C1) satisfied, it is sufficient the quality ranking in (18)
to hold. Q.E.D.

The corresponding combination rankings are represented graphically by iso-quality

curve mapping for each of the three cases on figure 4 below.

a(B, 4 (c)
oB)T- 1 — X
g(B. -~ A2
h i Z215122
W ™ )

Figure 4. Iso-quality curve maps of the combination quality ranking corresponding
to the good quality ranking in (18) for: (a) perfect substitutes, (b) non-perfect
substitutes, (c) perfect complements.
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For any given elasticity of substitution between the two types of goods, each iso-quality
curve represents the set of pair values (f(A;),g (B;)) which characterize combinations
with equal quality (rank). The more up and to the right an iso-quality curve is located,
the higher is the quality (rank) of the combinations formed by the pair values that belong
to the curve. As long as the values of the two qualities of type B lay in the interval
(f(A2),f (A1), qualities of type A are determinative for the ranks of the combinations
they form. That is, A;B; is better than AyB; (x12 > X21), at any of the three considered
cases of constant elasticity of substitution between the two types of goods.

Note that if we swap the values between the axes of any of the graphs on figure 4,
the two types of goods will trade their roles. The qualities of type B will become

determinative for the ranks of the combinations they form and A;B; will be better than

A1Bs (x21 > X12)-
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D. Proof of Proposition 4
Here, we derive the solutions for the subgame equilibria at the quality-choice and at the
pricing stages of the game, respectively as established in proposition 4. The equilibrium
solutions are derived by backward induction. Therefore, we start with the solution for the
pricing stage.

The number of entrants is exogenously set to two of each type. For now we assume
that the qualities of goods are related according to the condition in (18). Latter we will
show how the results change if the condition in (19) holds instead. The condition in (18)
implies that the combinations formed by the four entrants are ranked by quality according
to ranking 1 in table 2. We are interested in establishing an equilibrium at which only the
best-quality and worst-quality combinations, A1B;| and A;B», have positive market shares
at equilibrium. At the equilibrium established in proposition 4 the market is covered,
Le. 6y < 6. All the assumptions together imply the following expressions for the

profit-maximization problems with respect to prices:

—_ﬁ+ﬁ—ﬁ—ﬁ)

mpaxH/f =D} =p} (60— 611 /2) =P (9

1 X1 —X22
’ s PAtpPi—ph-ps
max 18 = pfDf = (661, ) = f (9 P LI
P
(D1
+pi—ph— s
maxHA: ADA: A 0 —9) = A(p? 1 2 2_9
) 2 =Pt Pz( 11/22 _) P 1 — 1o g
+pi—p5 -1}
maxII8 = pBDB — B (0 _9) = B<P'? [ B 25 S
s 2 = P2 Pz( 11/22 _) P2 P g

The two high-quality producers of type A and B face identical problems. The same

holds true also for the low-quality producers of type A and B. Therefore, the solutions for
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the optimal prices are symmetric:

i =pi = 5 (X1 —x22)
20 — 30 (02)
P?*:Plzg*: 5 — (X1 — X22)

Substituting for the prices back in the expressions for the profits yields the following

expressions for the optimal profits:

- 2
360 -26
m* =1 = —( 55 0) (X1 —Xx22)
(D3)
~ 2
20 —36
HA* — HB* — ( > —) (Xll _x22>

Note that the condition in (17) is stricter than the necessary condition for A;B; to have

positive market share:

20 —36 26
Dy =011 —0= 5 _>0f0rQ<? (D4)

Both the expressions in (D3) are increasing in ); and decreasing in }»;. Also, for
any p both x;; and x», are strictly non-decreasing in the qualities of the goods that
form them. Hence, the equilibrium solutions for the optimal qualities are given by
the upper-bound (maximal quality) constraints for the high-quality goods and by the
lower-bound constraints for the low-quality goods:

[P (A1) =Fs ff(A2) =F
(D5)

g (B1) =Gp3¢8" (B2) =G

Without loss of generality, we could assume that the two entrants of each type are
exactly the potential entrants with highest maximal quality constraints. Then, we could

mark the optimal quality choices above by the indices of the initial sequence of maximal
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quality constraints assigned at the entry stage:

AN =F;f"(A)=F
(D6)

g (B1)=G;8" (B2) =G

Accordingly, by substituting for the optimal quality choices from (D6) in

condition (18), it takes the following form:

Fi>G>G>F (D7)

The results so far are based on the assumption that only the best-quality and
worst-quality combinations, A1B; and A, B, have positive market shares at equilibrium.
To hold at equilibrium they should imply that the mixed-quality combinations, A; B, and
AjB1, have no positive market shares at the prices expressed in (D2).

Note that the symmetric prices for the high-quality and low-quality goods of both types

imply that the two middle quality cost the same:

i+ p¥ = py+ pt* (D8)

However, when (D7) holds, A|B; is strictly preferred to A,B;. Hence, nobody would
buy A, B at the optimal prices of the goods that form it.

Then, for the sales of A|B; to be foreclosed, the following condition must hold:

Dy =011/12—012/22 <0 (D9)

Substituting for the optimal prices from (D2) in the expressions for 67,1, and 6;5/2,
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yields the following explicit expressions in terms of the combination qualities:

=P8 (6+8) (i —x22)

0; = =
W2 i — a2 5011 —x12)
_ (D10)
. :17?*—1?’3* _ (60+0) (X1 —x22)
12/227 oo — xm 5(x12— Xx22)

For (DY) to hold, the combination qualities must satisfy the following inequality:

X1+ X22

7 (D11)

X12 <

Next, we need to check how this condition on the combination qualities translates into
corresponding condition on the good qualities for different values of the constant elasticity
of substitution 0. We consider again the three standard cases.

Case 1: f(A;) and g (B;) - perfect substitutes (p — 1)
When 6 — «i.e. p — 1 and the quality accumulation function is linear, the inequality in
(D12) takes the following form:

(A1) +g(B1)+ f(A2) +g(B2)

f(A1)+g(By) < 5

, 0 —> o0 (D12)

which holds only when the inequality below is satisfied:

f(A1)—f(A2) <g(B1)—g(B2) (D13)

The condition in (D13) contradicts not only (18) but also (C3). Therefore, the sales of
combination A;B, cannot be efficiently foreclosed if ¢ — o and the two types of good
are perfect substitutes.

Case 2: f(A;) and g (B;) — non-perfect substitutes (p — 0)

When ¢ = 1 i.e. p — 0 and the quality accumulation function gives the combination
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quality as a product of the qualities of the goods that form it, the inequality in (D13) takes

the following form:

f(A1)g(B1)+f(A2)g(Ba)
2 )

f(A1)g(Br) < o=1 (D14)

which is satisfied only when the following inequality holds:

g(B1) > (2 - %f;) g(By) (D15)

Case 3: f(A;) and g (B;) — perfect complements (p — —oo)

When o =01i.e. p — —oo and the quality accumulation function gives the combination
quality as equal to the smaller of the qualities of the goods that form it, the inequality in
(D11) takes the following form:

min [f (A1), g (B1)] +min[f (A2),g (B)]

min|[f (A;),g(B2)] < 2

,0=0 (D16)
which is consistent with the condition in (18) only if the following inequality holds:
g(B1) >2g(B2) — f(A2) (D17)

Substituting for the optimal quality choices from (D6) in the conditions in
(D15) and (D17) yields the following inequality constraints that should hold for the

bounds of the quality choices:

- F
G > <2—%>Q (D18)
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(D19)

Finally, we need to check the validity of the assumption for covered market at
equilibrium. The condition for covered market is given by the inequality:
X22

022/0 = <6 (D20)

which after substituting for the optimal prices from (D1) and (D2) takes the following

form in terms of the combination qualities:

4(x11—x22)0

<0 D21
6x11—X2 021)

For the restriction on 0 in (15) to be stricter than the constraint in (D21), the following

condition must hold:

3
X1 < 5%22 (D22)

Below, we translate it into conditions on the qualities of the goods only for the case of
oc=1and o =0.

When ¢ = 1 i.e. p — 0 and the quality accumulation function gives the combination
quality as a product of the qualities of the goods that form it, the inequality in (D22) takes

the following form:

f(A1)g(By) < ,0=1 (D23)
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which is satisfied only when the following inequality holds:

8(B2) (D24)

When o =0i.e. p — —oo and the quality accumulation function gives the combination
quality as equal to the smaller of the qualities of the goods that form it, the inequality in
(D22) takes the following form:

3min[f (A2),g(B2)]

min[f (A1),8(B1)] < 2 ’

c=0 (D25)
which is consistent with the condition in (18) only when the following inequality holds:
3
g(Bi) <51 (A2) (D26)

Substituting for the optimal quality choices from (D6) in the conditions in
(D24) and (D26) yields the following inequality constraints that should hold for the

bounds of the quality choices:

9|
[\

(D27)

N W
=
Q
Q
I

9|
[V

F,0=0 (D28)

| W

Combining the conditions in (D18) and in (D27) gives the interval in which the
maximal quality constraint of B, should lay in order when ¢ = 1 the conditions in (15)

and (17) to be sufficient for having a solution with exogenously set two entrants of each
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type so that the mixed-quality combinations have no positive market shares and the market

is covered. The interval is given by the following expression:
F - _3F
(2—;>Q§G1§—;Q,6:1 (D29)
2F

which is feasible only if the differentiation between the goods of type A is limited as

required by the following condition:

F> gFl (D30)

The analogous condition for o = 0 is given by combining the

conditions in (D19) and (D28):
26-F<G < F,06=0 (D31)

which is feasible only when the lower bounds on the qualities of the two types satisfy the

following condition:

g5

V
TIPS

IQ

(D32)

The conditions in (D29) and (ID30) are stricter than the conditions in (D31) and (D32).
To see that the inequality relations in (23) is sufficient for (D29) and (D30) to be

satisfied, note that when F; > g G as ensured by (23), the following inequality must hold:

(D33)

QR

|
NS RON)

Hence, having %% G > F| (ensured by (23) together with (D33)) implies that both the
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constraint from above in (D29) and the inequality in (D30) hold.
Furthermore, when (D30) is satisfied, the following inequality must also hold:

E

7 (D34)

 >2-

Hence, having G| > % G which is ensured by (23) together with (D34) implies also that
the constraint from below in (D29) holds.

Since the condition in (23) ensures the validity of the conditions in (D29)—(D32) for
having covered market with excluded mixed-quality combinations at both ¢ = 0 and
o = 1, we have all the assumptions for the subgame equilibrium solutions in (D2)
and (D6) to be fulfilled. That is, the condition in (23) is sufficient for having the solution
established in proposition 4. Q.E.D.

Since, the constraints in (19) imply having ranking 2 which is a mirror image of
ranking 1, the result in (24) could be derived directly from (23) by trading the respective

bounds of the qualities of type A and B.
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E. Proof of Proposition 5
The single-good conditions on consumer-taste distribution in (15) and (17) are only
sufficient but not necessary condition for the solution established in proposition 4.

Indeed, let’s assume the less strict condition in (D4) instead of the one in (17) for
having positive market share of A,B;. If we skip then the condition in (D22) so that 0 is
limited by the stricter condition for covered market in (D21) instead of being constrained
by the restriction in (15), we will finish with having the condition in (25) at which still two
entrants of each type could make the same optimal pricing and quality choices. However,
since (D22) is not required to hold, we do not need to restrict from above G, and Fj in
(D29) and (D30). Hence, the condition in (23) could be replaced by the following less

restrictive inequality relations between the bounds of the range of the quality choices®:

Fy > G| >2G > 2F (E1)

Correspondingly, the condition in (24) could be replaced by the following more relaxed

inequality relations:

G > F, >2F >2G (E2)

The pairwaise comparison of the conditions in (15), (17) and (23) versus the conditions
in (25) and (E1) shows that there is a trade-off between the strictness of the conditions on
the consumer taste and the strictness of the conditions on the quality bounds for having an
efficient foreclosure of the mixed-quality combinations. To be consistent with the existing
literature on single-good markets for vertically differentiated products, in proposition 4

we gave preference to the conditions that restrict more the quality-choice bounds than to

8Note that the inequality in (E1) is stricter than the inequality in (D18).
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the ones that limit the consumer-taste distribution.

In proposition 5, however, we assume the condition in (25) because the inequalities in
(23) are too restrictive and do not comply with the requirements for having an efficient
foreclosure of the sales of an eventual third entrant in the market. The very requirements
are derived below to show that the conditions in (26) or (27) are sufficient to ensure only
two entrants of a type at equilibrium without violating the condition in (E1). We consider
only the cases of perfect complements and non-perfect substitutes, 6 = 0 and ¢ = 1, since
the case of perfect substitutes 0 — o was proven to be inconsistent with the conditions
for having the mixed-quality combinations excluded from the market.

Suppose we have a third entrant of type A. Let’s denote it by A3. Combination A3B; is
the highest-ranked combination that could be formed with A3. There are two possibilities.
A3Bj could be of better quality than A;B; or of worse.

For A3 B to be of better quality than A;B5, the following condition must hold:

X31 > X22 (E3)

When ¢ = 1 i.e. p — 0 and the quality accumulation function gives the combination
quality as a product of the qualities of the goods that form it, the inequality in (E3) takes

the following form:

f(A3)g(B1) > f(A2)g(B2), 0 =1 (E4)

When o =01i.e. p — —oo and the quality accumulation function gives the combination

quality as equal to the smaller of the qualities of the goods that form it, the inequality
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in (E1) takes the following form:

min[f (A3),g (B1)] > min[f (A2) g (B2)], 0 =0 (ES)

which is inconsistent with the condition in (18) for any f(A3) < f(A2). That is, we
cannot have A3B; of better quality than A;B; when the qualities of the two goods are
perfect complements.

Given that the conditions in (25), (E1) and (E4) are satisfied, the market share of A3B;

is given by the following expression:

P—Ps  Ps+pi—ph—p;

D31 =6;,/3,— 0 = (E6)
117317 531/22 X1 — X31 X31— X22
which after substituting for the optimal prices from (E2) takes the form:
D — (11 +2x31 —3x22) 0 — (4211 — 2x31 —2%22) © — 5P4] (X1 — X22) ET)
! 5 —x31) (X31 — X22)
The expression in (E7) is negative as long as the following inequality holds:
231 —3 —
0> (X11+2x31 —3%22) 5 (E8)
4xu1 —2 (X3 + x22)
The condition in (D21) is stricter than the one in (E8) given the inequality below:
208 — XX+ 23
< (E9)
X3t 22211 — x22)
which is fulfilled whenever )3 satisfies the following stricter inequality:
ron < &1 (E10)
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When o = 11.e. p — 0 and the quality accumulation function gives the combination
quality as a product of the qualities of the goods that form it, the inequality in (E10) takes

the following form:

f(A3)g(Br) < ,0=1 (E11)

which holds for any f(A}) that satisfies the following inequality:

(A1) >2f(A3) (E12)

Combining the conditions in (E4) and (E12) yields the following general condition for

efficient foreclosure of A3B; when it is better than A, B»:

g(B2)
g(B1)

f(A1) >2f(A3)>2 f(A2) (E13)

Note that if we have a third entrant of type B, the same logic would define the condition
for efficient foreclosure of A;B3 when it is better than A;B, To derive the corresponding
condition we should just trade f(4;) and g (B;) fori = jt

f(A2)
f (A1)

8(B1) >2g(B3) >2 8(B2) (E14)

Alternatively, when the condition in (E4) does not hold so that A3B; is of worse quality
than A, B,, for efficient foreclosure of the sales of A3, it is sufficient to have the following

inequality satisfied:

0> 63 (E15)
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which after substituting for the optimal prices from (E2) takes the form:

(X11—x22)0
T Ayt x—5x31

(E16)

The condition in (D21) is stricter than the one in (E16) as long as the following

inequality holds:

2 +
yor < HAE (E17)

When ¢ = 1 i.e. p — 0 and the quality accumulation function gives the combination
quality as a product of the qualities of the goods that form it, the inequality in (E17) takes

the following form:

F(As) < f(§1) +f(2;)(§1(1)92)’ o1 (E18)

When o =0i.e. p — —oo and the quality accumulation function gives the combination
quality as equal to the smaller of the qualities of the goods that form it, the inequality in

(E15) takes the following form:

f(A3)<f(§1)+g(f2),G=O (E19)

Both inequalities in (E18) and (E19) hold for any g (B;) that satisfies the following

inequality:

[ (A1) >2f(A3) (E20)

Note that if we have a third entrant of type B, the same logic would define the condition
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for efficient foreclosure of B3 when A|Bj3 is of worse quality than A>B;. To derive the

corresponding condition we should just swap f (A;) with g (B;) in (E19):

g(B1) > 2g(B3) (E21)

The comparison between the inequality constraints in (E13) and (E20) implies that the
condition in (E20) is stricter and therefore sufficient for having the sales of A3 efficiently
foreclosed. Similarly, the condition in (E21) is sufficient for having the sales of B3
efficiently foreclosed.

Both the conditions in (E20) and in (E21), however, are satisfied as long as the maximal

quality constraints satisfy whichever of the following inequality relations:

Fi > G >2G3 > 2F (E22)

Gl > F1 > 2F3 > 263 (E23)

Hence, both the conditions in (26) and in (27) ensure that at most two firms of a type
will enter the market at equilibrium. Q.E.D.

The inequality relations in (26) combine the conditions in (E1) and (E22) in the same
way as the conditions in (E2) and (E23) are combined in the inequality relations in
(27). Therefore, the inequality relations in (26) and (27) also ensure efficient foreclosure
of the mixed-quality combinations and covered market at equilibrium. The choice of
the relations between the maximal quality constraints G3 and F3 in (E22) and (E23)

is not occasional. Indeed, if there is a third entrant, the optimal quality choice of the
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second-ranked entrant of its type will be set so that it is not possible to be exceeded by
the quality choice of the third entrant. For example, if there is a third entrant of type A,

the optimal choice for A, will be slightly above the maximal quality constraint of As:

ff(A)=F+¢€e>0e—0 (E24)

Similarly, if there is a third entrant of type B, the optimal choice for B, will be slightly

above the maximal quality constraint of B3:

g (B))=G3s+¢€,e>0,e—=0 (E25)

Therefore, for the condition in (18) to be satisfied in case both A3z and B3 enter the
market at the first stage, G3 should exceed F3. Alternatively, F3 should exceed G3 for

the condition in (19) to be satisfied under the same circumstances.
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3 The Role of Consumer Taste Variegation and Quality
Differentiation for the Entry Deterrence Effect of
Bundling in a Market for Systems

In this paper we explore three special cases of a market for vertically differentiated
systems to reveal the role of consumer taste variegation and system quality differences
for the entry deterrence effect of bundling in such a market. The results imply that
pure bundling and zero pricing cannot be effective entry-deterrence devices either against
a superior-quality entrant, or against an inferior-quality entrant, if the variegation of
consumer tastes is sufficient to ensure positive market shares for more than two systems
at equilibrium. An additional condition for any potential entrant to have a positive market
share is for the bottom-quality systems to be more differentiated than the top-quality
systems. Accordingly, an inferior-quality entry could be effectively deterred, only if there
is a restricted variegation of consumer tastes as well as less differentiated bottom-quality
systems. In the latter case, the effect of bundling on both producer and consumer surpluses

would be strictly negative.

Keywords: product tying, vertical differentiation, market foreclosure, system goods,
social welfare, anti-trust policy

JEL classification: L11, L13, L15
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3.1 Introduction

An important question in the competition policy debate is whether and when the decision
of a firm with significant market power in one market to enter another competitive
market should be legally restricted. Two main arguments are generally put forward
why such behavior might not be socially acceptable. On the one hand, the firm could
cross-subsidize its production in the competitive market by using the abnormal profit
it makes in the monopoly market to cover its loss from undercutting the prices of
its competitors (Faulhaber (1975), Berg and Weisman (1991), Boldon et al. (2000),
Eckert and West (2003), Chen and Rey (2013)). On the other hand, if the products traded
on the two markets are complements, the firm could make the purchase of its good in
the less competitive (aka “core”) market conditional on the purchase of its good in the
more competitive (aka “adjacent””) market (Whinston (1990), Nalebuff (2004), Carlton
and Waldman (2002), Kovac¢ (2007)). In both cases, the outcome could be a leverage of
the market power of the firm in the core market to the adjacent market. The compelling
question that economists try to answer is at what conditions the leverage outcome would
occur at equilibrium.

In the current paper, we explore a model of a market for vertically differentiated
systems consisting of two goods. Consumers buy systems but the competition between
firms is good-specific and therefore takes place in two (core and adjacent) sub-markets,
respectively. The main objective is to examine the importance of the consumer taste
variability and quality differentiation of systems for the occurrence of entry-deterrence
(i.e. monopoly) outcome in the sub-markets at equilibrium.

In the existing literature the focus is set on the product bundling strategies that the
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multi-product firm could implement to strengthen the price competition with a (potential)
rival. The rival is forced to decrease its price, which lowers its profit and ultimately turns
it into a loss. The result could then be a market exit (entry deterrence) of the entrant at
equilibrium. In his seminal paper, Whinston (1990) describes two bundling strategies that
could effectively deter the entry of a potential competitor. First, the multi-product firm
could commit to offering its products only in a bundle (pure bundling strategy) which
impedes its sales in the competitive market, leaving it with no other choice than to charge
low prices and thus be a tougher competitor in case of an entry. This strategy makes sense
only in a dynamic (two-period) market setting. Second, when consumers differ in their
valuation for the monopoly-market good, the multi-product firm could effectively deter
entry without precommitment, but by credibly threatening to sell its core-market good
both as a separate good and in an underpriced bundle with its adjacent-market good. The
offer of a bundle, together with one of the two bundled goods sold also as a separate good,
is considered by Nalebuff (2003) to be a special case of mixed bundling where the good
that is available separately is called a ’tying good”, and the good that is offered only in
a bundle is called a "tied good”. Kovac (2007) compares the two bundling arrangements
in the setting of the standard static (one-period) model of vertical product differentiation
of Shaked and Sutton (1982), especially adjusted to represent a market for system goods.
He shows that the mixed bundling strategy with a tying good in the core market and
a tied good in the adjacent market is dominant for the multi-product incumbent firm.
Furthermore, it has the potential to effectively deter an entry of a potential inferior-quality
rival in the core market without precommitment even if it faces a superior-quality rival in
the adjacent market.

The results of both Whinston (1990) and Kovac (2007) imply that a mixed-bundling
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strategy is the optimal choice of the multi-product firm whether or not it results in
effective entry-deterrence. Indeed, mixed bundling is a profit-maximizing strategy,
not because of its exclusionary effect but because it allows for second-degree price
discrimination between the consumers who value the tying good highly and lowly,
respectively. Furthermore, in the setting of Kova¢ (2007) the duopoly outcome in the
case of no bundling follows from the finiteness property! of the vertically differentiated
markets whereas in Whinston (1990) it is a result from the assumed increasing returns
to scale in the adjacent market. Therefore, Kovac’s (2007) condition for effective
entry-deterrence imposes additional requirements not only on the relations between the
quality choices of the firms in both markets but also on the range within which consumer
tastes could vary. For having the market only covered by the systems in which the
elements of the multi-product firm take part, that is all consumers buying only these
systems, their tastes need to vary in a certain narrow range analogous to the one defined
by Shaked and Sutton (1982) for a covered-market duopoly.> The consumer taste
variation requirement of Shaked and Sutton (1982), however, is derived for the case of a
single-product vertical differentiation. Accordingly, in order to be able to adopt it Kovac
(2007) makes the assumption that if bundling is not implemented by the multi-product
firm (non-bundling strategy), consumers would buy the two goods forming a system at
two independent single-product markets. For brevity, from now on we will refer to this
assumption by calling it a “non-bundling independence assumption”.

In this paper, we relax the non-bundling independence assumption of Kovac (2007)

'In contrast to the free-entry outcome in markets with monopolistically competitive structure
(Chamberlin (1933)), when the entry barriers tend to zero on a vertically differentiated market, the number
of firms with positive market share remains finite at equilibrium. (Shaked and Sutton (1983))

2Shaked and Sutton (1982) show that given uniform distribution of the consumer identification variable
(income or taste) with support whose right endpoint is at most four times but not less than twice as large
as its left endpoint, this is a necessary and sufficient condition for having exactly two firms with positive
market share at equilibrium in a vertically differentiated market.
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and explore a static model of a vertically differentiated market where consumers choose
systems but not independent goods. As in Kovac¢ (2007) we allow for a potential
inferior-quality entrant in the core sub-market and a potential superior-quality entrant in
the adjacent sub-market. For the particular market setting we show that the non-bundling
equilibrium outcome established by Kovac (2007) under the non-bundling independence
assumption could occur also in a vertically differentiated market for systems under certain
conditions on consumer taste variability and system quality differentiation, which we
derive explicitly in this paper.

Another key novelty in our approach is that we allow consumers who buy the
bundled system to upgrade it with the good of the superior-quality entrant in the adjacent
sub-market. This seemingly contradicts the requirement imposed by Whinston (1990) for
pure bundling to have an exclusionary outcome. Namely, the multi-product firm should
precommit to pure bundling. However, note that precommitment to pure bundling implies
only that consumers find it technically impossible or prohibitively expensive to unbundle
the multi-product firm’s system, but not that they cannot combine it with other system
elements. We refer to the latter assumption by calling it “assumption for irreversibility
of bundling”. Both Choi and Stefanadis (2001), as well as Carlton and Waldman (2002),
apply it in the context of the US v. Microsoft antitrust case> by assuming that consumers
are not allowed to use more than one browser application on the same operating system.
However, Carlton and Waldman (2002) acknowledge that the integration of Internet
Explorer as an embedded application of Windows 95 did not satisfy the assumption for

irreversibility of bundling since consumers were still able to install and use Netscape

31n the late 1990s, the US Department of Justice had charges against Microsoft for violating the anti-trust
law by tying its browser Internet Explorer to its operating system Windows. For detailed description and
analysis of the US v. Microsoft antitrust case, see Economides (2001). For analysis of the close anti-trust
cases against Microsoft in Europe, see Economides and Lianos (2009).
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Navigator on Windows 95. Therefore, we find it reasonable to relax the irreversibility
assumption and study the conditions for the exclusionary effect of pure bundling when a
system upgrade is possible.

We propose three special settings of a market for vertically differentiated systems
where a multi-product firm could implement pure bundling that allows for a system
upgrade. The results bring out consumer taste variability and quality differentiation as
decisive determinants of whether there could be an exclusionary outcome at equilibrium
with or without the implementation of bundling.

In setting 1, we consider a simple case where the multi-product firm faces no threat
of entry in one of the sub-markets and a potential superior-quality entrant in the other
(adjacent) sub-market. The situation resembles the one modeled by Whinston (1990).
The only difference is that instead of offering the monopoly good as a tying good that
could be combined with the entrant’s good, the multi-product firm makes the upgrade
of the bundled system with the higher-quality good of its potential rival in the adjacent
sub-market possible. The results imply that at equilibrium all the consumers that buy
the bundled system choose to upgrade it. The multi-product firm and the potential
entrant have identical profits at equilibrium with or without bundling. The market
share of the multi-product firm in the core sub-market and that of the entrant in the
adjacent sub-market stay the same. The only change that pure bundling causes is in
the market share of the multi-product firm in the adjacent sub-market. It is zero at the
non-bundling equilibrium but strictly positive at the bundling equilibrium. Therefore, if
the multi-product firm implements bundling in such a market setting, this must be driven
by an impetus to save its sales in the adjacent sub-market rather than by entry-deterrence

or strategic foreclosure incentives.
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In setting 2, we study the case suggested by Kovac (2007) where the multi-product
firm faces an inferior-quality entrant in the core sub-market and a superior-quality
entrant in the adjacent sub-market. However, we relax the non-bundling independence
assumption, which allows us to establish a new non-bundling equilibrium where all the
four possible systems are demanded by consumers. We derive certain conditions which
presume sufficiently wide variability of consumer tastes and small differentiation of the
higher-quality systems for the non-bundling equilibrium to exist. Except for having more
systems with a positive market share at equilibrium, the non-bundling equilibrium results
also imply a zero corner solution for the price of the multi-product firm’s inferior-quality
product sold in the adjacent market. The reason is that the goods of a type sold in the
same sub-market are complements in prices, while the goods of different types that form
systems are substitutes in prices. This allows the multi-product firm to maximize the
surplus extracted from consumers in the core market by pricing its inferior-quality good
at zero in the adjacent market. However, in the particular setting at which we show zero
pricing to be optimal, it does not lead to effective entry-deterrence of any of the two
potential rivals at equilibrium. If seen in the context of the US v. Microsoft antitrust case,
the latter result complies with Davis and Murphy (2000) who argue that since the demand
for the browser of Microsoft is “lower” (i.e. more price sensitive) than the demand for its
operating system, it is reasonable to expect Internet Explorer to be offered cheaper and
even for free when this is feasible. The zero-pricing outcome is particularly consistent
with the observation that ... many if not most markets with network externalities are
characterized by the presence of two distinct sides whose ultimate benefit stems from

interacting through a common platform” (Rochet and Tirole (2003), p.990).* For instance,

4We thank Volker Nocke for pointing out to us this possible interpretation of the results of our model in
the context of the literature on the multi-sided markets.
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software application developers might prefer to offer their products for free to the end
users in exchange for sponsorship from the operating system (computing platform)’
developers who are thus able to obtain a larger portion of the consumer surplus in the
platform market.

In addition, our results for the bundling equilibrium solution suggest that pure bundling
cannot be an effective entry-deterrence device in setting 2 (i.e. with a wide spread of
consumer tastes and small differentiation of the higher-quality systems). In compliance
with Choi and Stefanadis (2001) and Carlton and Waldman (2002), we show that pure
bundling lowers the market shares and the profits of both the superior-quality and
inferior-quality entrants. Yet, they are strictly positive because there are consumers with
low enough tastes so that only the providers of the inferior-quality good have an interest
in serving them.

In setting 3, again the multi-product firm faces an inferior-quality entrant in the core
sub-market and a superior-quality entrant in the adjacent sub-market. However, the
conditions on consumer taste variability and system quality differentiation differ from
these in setting 2 so that not all systems have demand at a non-bundling equilibrium and
not all potential entrants save their positive market shares at a pure-bundling equilibrium.
The results resemble the equilibrium outcomes in Kova¢ (2007). At a non-tying
equilibrium all firms make positive sales so that there is duopoly in both sub-markets
but consumers buy only the best and the worst possible combinations. At pure-bundling
equilibrium the inferior-quality single-good entrant is efficiently excluded from the core
sub-market. The comparison of the results with those from the solution of setting 2 imply

that consumer taste diversification and quality differentiation of systems are the main

>For a detailed discussion on the economic role of operating systems in computer-based industries, see
Bresnahan (2001), Evans et al. (2005).
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determinants of whether pure bundling is an effective entry-deterrence device against
an inferior-quality supplier. Less differentiated systems, together with the systems of
lowest quality in markets with less variegated consumer tastes, are the ones that remain
unsold at a pure-bundling equilibrium. Hence, having pure bundling implemented is only
a necessary but not sufficient condition for effective entry deterrence.

We also provide an analysis of the social welfare effect of pure bundling in setting 3. It
indicates a strictly negative social welfare effect of pure bundling. When consumer tastes
do not vary within a wide range, pure bundling lowers the market share of the upgraded
bundled system, which leads to a decrease in both producer surplus and consumer
surplus. The result is stronger than in the welfare analyses based on the models of
Carlton and Waldman (2002) and Kova¢ (2007) which imply uncertain welfare effects
of tying.

The paper is organized as follows. In Section 3.2 we present the supply side (3.2.1) and
the demand side (3.2.2) of the model. In Section 3.3 the solution of the model for the three
different market settings is established. Finally, we summarize the main implications in

section 3.4.
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3.2 The Model

We consider a market for systems consisting of two types of goods, type A and type B,
respectively. The type A goods are sold in sub-market A, whereas the type B goods are

sold in sub-market B.

3.2.1 Supply side

Accordingly, we assume the following potential entrants in the market:

1. a (multi-product) firm M which reckons upon entering the both sub-markets.

2. two single-product firms, firm A and firm B, potential entrants in sub-market A and

sub-market B, respectively.

The strategic interaction between firms is modeled as a three-stage game.

Stage 1: Firms make simultaneous decisions whether to enter the market. Firm M
chooses also whether to enter both sub-markets, or only one.

Stage 2: Firm M observes the actual entries in the two sub-markets at the first stage
and decides to offer its goods in a bundle only or to sell them separately.

Stage 3: After observing Firm M’s decision at the second stage, firms compete
simultaneously on prices.

As is common in bundling models, the qualities of the products offered by the firms are
assumed to be exogenously determined (Whinston (1990), Carlton and Waldman (2002)).
So, we do not need to define explicit functional form to describe the relationship between
good qualities and the qualities of the systems they form.

There are four systems that might be formed from the goods which the three firms

could offer. Without loss of generality, we assume that the quality of the type-A good are
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decisive for the quality of the system so that the systems based on the better type A good
(A1B1, A1By) are of strictly higher quality than the systems based on the worse type A
good (A2B1, AyB;). Accordingly, in the case of duopoly in both markets, sub-market A
will be less competitive than sub-market B. So, to conform with the commonly agreed
definitions, we will also call sub-market A a core sub-market and sub-market B an
adjacent sub-market.

In addition, as in Kovac¢ (2007), on the one hand, we assume that in the core-market
firm A offers a good, denoted by A2, which is of strictly worse quality than the good of
firm M, denoted by Al. On the other hand, in the adjacent market firm B is assumed to
offer a good, denoted by B1, which is of strictly better quality than the good of firm M,
denoted by B2. The letter in the notations of goods represents their type, while the
number — their rank if ranked in decreasing order of their qualities. Accordingly, the four
possible systems are denoted by A;Bj, i = 1,2; j= 1,2; where i represents the quality
rank of good Ai and j — the quality rank of good Bj. The corresponding ranking of the

systems in decreasing order of their qualities is given in table 1 below:

Table 1: Ranking of the possible systems in decreasing order of their qualities

rank system
1 A B
2 A1B;
3 AB)
4 ArB,

The system A{B; formed by the best type A good, Al, and the best good of type B,
B1, is trivially also the best out of the four systems and therefore has a quality of rank 1.
Similarly, system A>B; formed by the worst type A good, A2, and the worst type B good,

B2, is trivially also the worst out of the four systems and therefore has a quality rank of 4.
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Accordingly, as it was assumed above, system A B; based on the better type A good, Al,
is of strictly higher quality ()12 > X21) than the system A;B; which is based on the worse
type A good, A2. Therefore, in table 1 the former system is of lower rank 2 than the rank
3 of the latter system.

We make another standard assumption for the models of vertical product
differentiation. Namely, that firms do not incur entry costs. That is, as long as a
firm can make positive sales, it enters the market (Shaked and Sutton (1982, 1983),
Kovac¢ (2007)). This assumption might look too restrictive to be attributable to markets
like the ones for software systems where product development usually requires significant
initial investment. At the same time, however, it is quite common practice nowadays
for the development of operating systems or software applications to be financially and
organizationally supported by non-profit organizations® based on free public license
agreements with independent open-source developers’. Thus, the suppliers of these
software products incur zero entry costs.

For simplicity, production cost is also assumed to be zero which might be argued
to reflect the large economies of scale characterizing for example software production
again. Indeed, it should not come as a surprise to anyone who has ever downloaded an
application to a computer or smart phone that the marginal cost of the multiplication of
a copy of an installation program is negligibly small and tends to zero as the number
of copies increases. So, the profits of the entrants in our model coincide with their

total revenues. Hence, the pricing subgame equilibrium is given by the solutions of the

®In 2006 Netscape open-sourced their browser code, and entrusted it to the newly formed
non-profit Mozilla Foundation. The support for Netscape Navigator was ended and Mozilla Firefox
was officially released as its free open-source successor. For more details see the Mozilla Public
License uploaded at https://www.mozilla.org/MPL/NPL/1.1/ Similarly, a great deal of the Linux
distributions are supported by the Free Software Foundation (FSF). The complete list is available at
http://www.gnu.org/distros/free-distros.html

"For comprehensive discussion of the literature studying the incentives of developers and profit-oriented
software suppliers to take part in open-source projects, see Rossi and Bonaccorsi (2006)
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revenue-maximization problems of these of the three firms that decide to enter the market
at the first stage. The revenue-maximization problems of the three firms could respectively

be set as follows:

Max Ry = pa1Da1+ pp2Dpr =
PA1:PB2
2 2
=pa1 L Dij+pp ¥ Dp, if A1 and B2 are sold separately (D
j=1 i=1
MaxRy = pyD13, if A1 and B2 are sold in a bundle only
\ Pm
2
MaxRp = ppi1Dp1 = pp1 Y Dl (2)
PB1 i=1
2
MaxRy = paxDa2 = paz Y, Da; 3)
pa2 j=1
where:

Ry, Rp, Ry - the total revenues of firms M, B and A, respectively

PAls PA2> PB1> PB2, Pm - the prices of goods Al, A2, B1, B2, and bundle A1B2,
respectively; pa; > 0,pp; > 0,pp > 0,i=1,2;j=1,2

Dy1, Das, Dy, Dpy - the demands for goods Al, A2, B1, B2, respectively

D;; - demand for system consisting of good Ai and good Bj,i=1,2, j=1,2

The market shares of the systems are determined by consumers whose preferences and

identification characteristics are described in subsection 3.2.2 below.
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3.2.2 Demand side

As is common for the existing models of vertical product differentiation, we assume that
the demand side of the market is represented by a continuum of consumers. Particularly,
we adopt the approach of Mussa and Rosen (1978) and assume that consumers are
characterized by their taste for quality 6 which is a random variable following continuous
uniform distribution with support given by the interval [0, 8], 8 > 0.

Consumers do not gain from buying just a type A or B product. They need to have
at least a system consisting of a pair of goods of each type to be able to gain a positive
benefit from any of these goods. Therefore, consumers either buy a system or do not buy
in the market at all.

The utility function, in compliance with Mussa and Rosen (1978), is designed to
measure the individual surplus of any given consumer with taste 8 from the purchase

of one of the four systems A;B;:

where:

Uij - reduced-form utility function of consumer with taste 6 from purchasing
system A;B

Xij — quality of system A;B;

pij — price of system A;B;; if good Ai and good Bj are sold separately, the system price
is given as a pure sum of the goods’ prices, p;; = pa; + pB;j

Consumer valuation of a system is given by the product of consumer taste and the

quality of the system. This assumption ensures the main distinct property of the markets
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with vertical product differentiation. Namely, consumer valuation increases in taste but
ranking of systems is consensually agreed by all consumers and remains the same across
tastes (Mussa and Rosen (1978), Shaked and Sutton (1982, 1983)). To preclude negative
values of the utility function in (4), we make another standard assumption that consumers
have a free outside option with quality o which they could choose instead of buying the
systems available on the market. The quality of the free outside option is accordingly
chosen to be strictly smaller than the quality of the worst system A;B», i.e. Xo < X22.
Distinct from  the  existing bundling models (Whinston  (1990),
Carlton and Waldman (2002), Kova¢ (2007)), we also relax the assumption for
irreversibility of bundling, allowing consumers to combine a type A good with more than
one type B good. Thus, we enable our model to better represent the market situation
in the US v. Microsoft antitrust case where consumers could install and use more than
one browser on their operating systems. Without loss of generality, the valuation of the
upgraded system is assumed to be given by the valuation of the highest-quality system
that could be formed by its goods. That is, there are no synergy effects from the upgrade.
For example, if a consumer decides to upgrade firm M’s system A;B, with the firm B’s
good B1, the quality of the resulting system AB;B; which we denote by x> is given
by the quality of ) of the best system AB;. In turn, mixed-bundling is not a feasible
bundling option for firm M. Therefore, in the game defined in the previous subsection,
firm M chooses only between pure bundling and no bundling. For simplicity, from now
on we can skip the unnecessary attribute “pure” and will simply talk about bundling.
Note that theoretically firm M should be able to charge its adjacent-submarket good at
a negative price. On the one hand, this would strengthen its resistance to the competition

of the higher-quality entrant. On the other hand, firm M can cover the resulting losses
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by the extra consumer surplus it could extract through the sales of its core-submarket
good to higher-taste consumers. However, negative pricing is hardly implementable when
consumers can purchase and use more than one type B good in a system combination
with a type A good. It is difficult for firm M to charge in practice B2 a negative price
because this implies that firm M should in fact pay not only the consumers who buy
its core-submarket good but also the one who combines its adjacent-submarket good
with the good of the inferior-quality entrant. However, this would give all consumers
an incentive to buy B2 and be paid whether they need it or not, because firm M
cannot distinguish between consumers who use it alone and those who use also Bl.
Carlton and Waldman (2002) show that this pricing strategy which they call ”virtual tying”
could have the same entry-deterrence outcome as pure bundling. In such a case however,
negative pricing is easy to be proven and prosecuted as illegal practice. Therefore, when
defining the producer side in the previous subsection, we precluded negative pricing and
do not consider it as a feasible price choice in the non-bundling case.

Because consumers have, at most, unit consumption of a good and their tastes
are uniformly distributed within the market range (6 <6 <), the bounds of the
market shares of the product pairs are marked by the taste parameters of the so-called
“marginal consumers”. A marginal consumer is defined as the consumer whose
taste ;;7 7,1 # i’ A\ j # j', makes it indifferent between given distinct pair of systems
A;Bjand AyBj.

The expression for the marginal consumer’s taste variable could be directly derived

from (4):

__Pij—piy  Pij— Py

Ui=Uspin = 0;:000 =
j=Uij ij/i]
/ Xij — X'} dijirj

(&)
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where:

8;;/# 7 — marginal taste at which consumers are indifferent between systems A;B; and
AyBp i#i N j# ]

d;ji y — the difference in qualities between systems A;Bj and Ay B, d;j i v = Xij — Xit j

Given that all the three firms enter the market and all the four systems in table 1 have

positive market shares, the latter can be expressed as follows:

6 —611/12, if Al and B2 are sold separately or in a bundle alone
Dy = (6)

6 — 611,21, 1f Al and B2 are only sold in an upgraded bundle

{611 /12— 61221, if Al and B2 are sold separately or in a bundle alone
Dy =

(7
0— 6y, /215 if A1 and B2 are only sold in an upgraded bundle
012/21 — 62122, if Al and B2 are sold separately or in a bundle alone
Dy = )
011/21 — 61122, if Al and B2 are only sold in an upgraded bundle
621/22— 9, if 625/0 < 6
Dy = )
021/22— 6220, £ 00/0>80
where:

62 /0 — marginal taste at which consumers are indifferent between system A»B; and

the outside option with quality Yo, 6,5/9 = ~ Aj;/’(’) B2
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dyy o — quality difference between A, B; and the outside option, day /o = X22 — Xo

If only the best and the worst systems, A;B and A;B;, have positive market shares,

the latter are given by the following expressions:

Di1 =66y

Dy =611/ -0

(10)

(1)

Analogously, for the case when firm M is a monopolist in sub-market A, if both the

systems that could be formed have positive market shares, we can express them as follows:

Di1=6—-061

;

O11/12—6,
011712 — 012/0,

0—0,

|0 — 0200,

(12)

if 615/9 < 0 for Al and B2 sold separately
if 615/9 > 0 for Al and B2 sold separately

(13)
if 615)9 < @ for Al and B2 sold in a bundle only

if 615)9 > 6 for Al and B2 sold in a bundle only
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In what follows we solve the model for the following three particular market settings:
Setting 1: Firm A is excluded from the set of players. The endpoints of the support
interval of the consumer taste uniform distribution and the system quality differences are

assumed to satisfy the following conditions:

6<-6 (14)

| =

dizjo < gdn/o Le. X2 < g)cn (15
In subsection 3.3.1 we claim and then in appendix section F we show that at the above
conditions of setting 1 firm M has no incentive to sell its good B2 in the adjacent
sub-market at a non-bundling equilibrium but strictly prefers to accommodate the superior
quality entrant, firm B, at a bundling equilibrium.

Setting 2: The set of players includes all three firms. The endpoints of the support

interval of the consumer taste uniform distribution and the system quality differences are

assumed to satisfy the following conditions:

0 4d d _
6 <0< 11/12412/21 5 (16)
4 5dyy 121221 + 2da1 120 (2dy1 /12 +3d12 1)
18d13/21d21 /22
dy o > 3d12)21 > 2dy1 )20 > 3dyy 12 > 212 (17)

11d13/21 —4da1 22

In subsection 3.3.2 we claim and then in appendix section G we show that the above
conditions of setting 2 are sufficient for having all systems with positive demands at a
non-bundling equilibrium and all three firms with positive market shares at a bundling

equilibrium.
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Setting 3: The set of players includes all three firms. The endpoints of the support
interval of the consumer taste uniform distribution and the system quality differences are

assumed to satisfy the following conditions:

4dys 10+ 5d _ 6d _

(40 +5dy1 /22) 5 <6< 2 5 (18)
8dy 0 +9d11/22 8dy 0 +9d11/22

d d 5d
/2 dono > /2 i/ (19)

4 6 12

In subsection 3.3.3 we claim and then in appendix section H we show that the above
conditions of setting 3 are sufficient for having only the two most differentiated systems,
A1B1 and A,B;, with positive demands at a non-bundling equilibrium, and the entry of
firm A effectively deterred at a bundling equilibrium.

The inequality conditions in (16) could hold together only if the condition in (17)
is satisfied. Similarly, the joint validity of the two inequalities in (18) is possible only
when (19) holds true. Also, the right-hand side of (16) is smaller while the left-hand
side of (19) is larger than %5 so that the feasible intervals of 6 at settings 2 and 3
have no intersection. Accordingly, setting 2 represents a market that has more
variegated consumer tastes than the market represented by setting 3. Furthermore, at
setting 2, product differentiation decreases in system quality, making the competition
between the top-ranked systems stronger, while at setting 3 it is the other way around.
Quality differentiation increases in system quality, making the competition between the
bottom-ranked systems stronger. Hence, even though we do not need to introduce

an explicitly defined quality accumulation function for all the settings, the inequality
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condition in (17) implicitly specifies the following particular requirements on how the
quality accumulation function should behave in setting 2:

df (Ai,B)) 2o 9 (A, B)) i (A, B))

Xij:f(Ai7Bj) s.t. d0A; aBj ’ 8Bj8A,-

<0 (20)

where:

A; - exogenously determined quality of good Ai, i =1, 2; A; > Ay

B; - exogenously determined quality of good Bj, j =1, 2; By > B

f(Ai,B;) - implicit functional relationship between the quality of a system and the
qualities of the goods of which it consists.
Similarly, the inequality condition in (19) implicitly specifies the following particular
requirements on how the quality accumulation function should behave in setting 3:

of (Ai,B;) _ o 9f(AiBy) _ , 9f(AiB))

XIj:f(AhB]) S.t. aAl 8BJ ) aBJaAl

>0 (21)

The equilibrium solutions for settings 1, 2, and 3 are represented in appendix sections
F, G and H, respectively. The solution for each setting starts with the derivation of
the pricing-stage subgame equilibrium which determines the equilibrium market shares
of the entrants in each setting. The results allow us to define the optimal decisions
of the firms at the entry stage by backward induction and deduce the optimal market
structure at equilibrium. Finally, we apply the concept of perfect subgame equilibrium
of Selten (1975) to justify the strict dominance of a pure bundling over a non-bundling
strategy for the multi-product firm at each of the three settings. The results are established

and explained in the next section.
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3.3 Equilibrium Solutions

3.3.1 Setting 1

Setting 1 provides a scenario where on the one hand, if firm M is not allowed to apply
bundling strategies, it is strictly better off of entering the market as a single-product firm
operating alone in the core sub-market. On the other hand, if it is allowed to use bundling,
firm M prefers to accommodate firm B by not preventing consumers from upgrading
its bundled system A;B, with the entrant’s superior-quality good B1. The respective

equilibria are established below in proposition 1 and proposition 2, respectively.

Proposition 1. Let the market be characterized by the conditions of setting 1 in (14)
and (15), so that firm M is the only entrant in sub-market A, faces an entry threat in
sub-market B and exogenous restriction on the use of bundling. Then, there is a unique
subgame-perfect equilibrium of this restricted non-bundling game. At this equilibrium
firm M enters only the core sub-market A while firm B enters and operates alone in
the adjacent market B. The optimal strategies of the two firms at the pricing stage is
accordingly given by the symmetric set of prices in (F16).% The corresponding outcome
is that only system A B has positive demand and the market is not covered.

Proof: see section F of the appendix.

In the restricted game where firm M is not allowed to choose bundling at the second
stage, there are two possibilities for the multi-product firm. To enter both sub-markets and
charge its goods prices, the sum of which is sufficiently low for the market to be exactly
covered and both systems A;B; and A|B; to have positive demands. Or, alternatively, to
enter the core sub-market only and to charge its good Al at a price at which consumers
buy it only in combination with the superior-quality good B1. In the latter case, the market
would not be covered provided that consumer tastes are sufficiently variegated to satisfy
condition (14). Still, as long as the superior-quality good is sufficiently differentiated

from good B2 so that the condition in (15) holds, firm M could extract more consumer

8The expressions derived in the appendix have separate numeration for each section of the appendix
which is marked by the letter of the corresponding section, e.g. (F16) is derived in section F of the appendix.
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surplus by selling Al solely in a system with B1. Therefore, the entry of firm M as a
single-product firm in the core sub-market only, strictly dominates the other option in the

non-bundling game.

Proposition 2. Let again the conditions of setting 1 in (14) and (15) hold, so that
firm M is the only entrant in sub-market A, faces an entry threat in sub-market B, but is
now also allowed to bundle its goods. Then, there is a unique subgame-perfect equilibrium
of the (unrestricted) game. At this equilibrium firm M enters the both sub-markets
and offers its goods only in a bundle but since consumers are allowed to upgrade the
bundled system A|B; with good B1, firm B enters the adjacent sub-market as well. The
optimal strategies of the two firms are given by the symmetric price set in (F39). The
corresponding equilibrium outcome implies that the bundling strategy is only weakly
dominating the non-bundling one.

Proof: see section F of the appendix.

The result in proposition 2 should not come as a surprise after noticing that consumers
value the upgraded system A BB and the best-quality system A B the same. Therefore,
the same consumers who buy A;B; at the non-bundling equilibrium established in
proposition 1 are the ones that buy A{B,B; at the bundling equilibrium in proposition 2.
Accordingly, firm M charges them at the same price for the bundled system as for Al
when sold alone. So, the payoffs of the two firms are identical at both equilibria. Bundling
simply makes the purchase of good Al conditional on the purchase of good B2 which
drives consumers who would otherwise buy only AB; to get it together with A2. Thus
firm M has positive sales in both sub-markets and therefore at equilibrium enters with two
goods.

The weak dominance of the bundling strategy in the subgame-perfect equilibrium
outcome established in proposition 2 depends primarily on the assumptions for the
variegation of consumer tastes and quality differentiation in (14) and (15), respectively.
When the latter conditions are not satisfied, it could be optimal for firm M to choose a
pricing strategy at which the market would be covered and its system A;B; would be

demanded even without bundling applied (see (F21) and (F42) in the appendix).
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3.3.2 Setting 2

Setting 2 is introduced to show that if bundling is precluded, zero-pricing could be an
optimal choice of firm M without causing effective exclusion of any of its rivals in the
two sub-markets. On the other hand, if allowed, firm M would strictly prefer to offer its
goods only in a bundled system, but this would not have an effect on the entry decision of
its potential entrants. The respective equilibria are established below in proposition 3 and
4, respectively

Proposition 3. Let the market be characterized by the conditions of setting 2
in (16) and (17), so that firm M faces potential competition by firms A and B in the
two respective sub-markets, but the use of product bundling is precluded. Then there
is a unique covered-market non-bundling subgame equilibrium at which all firms make
a market entry and all the four systems in table 1 have positive sales, even though it is
optimal for firm M to charge good B2 a zero price. The equilibrium is characterized by
the prices in (G13) — (G15).

Proof: see section G of the appendix.

The key implication of the result in proposition 3 is that even though good B2 is
charged zero price, all firms still enter the two sub-markets so that none of them is
monopolized. The outcome could be explained by the same reasoning provided in the
previous subsection as to why firm M would prefer to enter as a single-product firm in
the core sub-market if it is prevented from using product bundling at the conditions of
setting 1. Again, the lower price firm M charges B2, the higher the price at which it
could sell Al. Therefore, by charging the lowest possible (zero) price for B2, firm M
actually maximizes the consumer surplus it could extract through selling A1 as a part of
the best-quality systems.

A reasonable question that occurs is why, at setting 2, firm M would choose to sell

B2 even at zero price. The answer is hidden behind the observation that distinct from

setting 1, at setting 2 firm M is not a monopolist in sub-market A, but is instead assumed
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to face the threat of entry of firm A. As a result, even if the market power of the firms
in sub-market A is exogenously set to be larger than in sub-market B, this would hold
true only if we have a duopoly in each of the two sub-markets. Accordingly, if firm M
decides to enter only the submarket A as at setting 1, it will leave firm B operating alone in
sub-market B. At setting 2, however, because there is a duopoly in sub-market A, the latter
will be characterized by stronger competition and therefore, it will become an adjacent
market, while sub-market B will become a core market.® So, firm M could only save its
position as a quality leader in the core market by entering both sub-markets, which in fact
also saves the positive sales and profit of firm A. In turn, all four systems have positive

demands and the market is covered.

Proposition 4. Let the market be characterized by the conditions of setting 2 in (16)
and (17) and firm M is allowed to offer its goods in a bundle in response to the potential
competition by firm A and firm B in the two respective sub-markets. Then there is
a unique bundling subgame equilibrium at which the entry of firm A is not efficiently
deterred even though the worst-ranked system A;B5 is excluded from the set of systems
demanded at equilibrium. The equilibrium is characterized by the prices in (G41) — (G43).

Proof: see section G of the appendix.

Even if allowed, consumers would still have no incentive to combine the bundled
system with the inferior good in market A because it does not provide them with any
additional utility, in contrast to the case when A;B, is upgraded by B1. So, consumers
have no reason to buy A2 in addition to A1B,. As a result, bundling reduces down to
three the number of systems with positive demands at equilibrium. However, bundling
cannot prevent consumers from purchasing the good of firm A in a system with the good
of firm B. At the conditions of setting 2, consumer tastes are variegated enough and A>B;
is sufficiently differentiated from A;B, for the former to have positive market share.

Firm M gains higher profit at the equilibrium in proposition 4 which implies that, if

9For explicit solution of the case of a single-product monopolist in one of the sub-markets and a potential
duopoly in the other, see appendix section B of the second chapter of this thesis.
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allowed at the conditions of setting 2, it would strictly prefer to offer its goods in a bundle
and not separately. Note, however, that, here, distinct from the bundling equilibrium
established in proposition 2, because firm M faces competition in both sub-markets,
its payoff given bundling is strictly less than what it would gain if it entered as a
single-product firm in sub-market A only. In the latter case, the equilibrium outcome
is the same as at the equilibrium established in proposition 2. The only difference is in
the competitive interaction between the firms that leads to this outcome.

Finally, note that compared to the outcome at the equilibrium established in
proposition 3, at the bundling-equilibrium in proposition 4, firm M increases the market
shares of its goods Al and B2. However, this is at the expense of the reduced profits and
market shares of firms A and B. That is, at the conditions of setting 2, pure bundling has
the potential to restrict the consumer networks of firm A and firm B which in turn could

reduce the qualities of their goods in the presence of positive network externalities.

3.3.3 Setting 3

Setting 3 reveals the decisive importance of consumer taste variegation, and the
differentiation of the systems for the effective entry-deterrence outcome of bundling.
On the one hand, we show that when consumer tastes do not vary in a wide range,
there cannot be a solution of the restricted non-bundling game at which all the four
systems have positive market shares. On the other hand, we demonstrate that when the
lower-quality systems are more differentiated from the best system than from the worst,
the entrants’ system A;B; cannot have a positive market share at equilibrium with or
without bundling allowed. Thus, it appears as one of the two necessary conditions for
the effective entry-deterrence of firm A. The second necessary condition is the use of

bundling by firm M, which, as was already discussed in the previous subsection, makes
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system A; B> unavailable, but has no direct effect on the demand for A;B;.

The non-bundling equilibrium is established in proposition 5 below.

Proposition 5. When conditions (18) and (19) are satisfied, a unique non-bundling
subgame equilibrium exists, at which all firms enter the two markets but only the two most
differentiated systems in table 1 have positive sales. The equilibrium is characterized by
the prices in (H6) — (H9).

Proof: see section H of the appendix.

The left-hand side inequality condition of setting 3 in (18) restricts the variegation
of consumer tastes. The lowest taste 0 is required to be less than two times smaller
than the highest taste 0. As a result, the market demand is concentrated over a limited
number of systems at equilibrium. Specifically, we cannot have all the four systems sold
in positive amounts as at the equilibrium outcome of setting 2. In addition, the inequality
conditions in (19) imply that when compared to the best system A|B, the worst system
Aj B> is more differentiated from the outside option and less differentiated from A; B, and
AB1. This makes firm M prefer to sell B2 as a part of system A;B, alone at a covered
market. Furthermore, the latter outcome is achievable at a positive price of B2. However,
the market-covering price of B2 also undercuts system A;B;, when the variegation of
consumer tastes is not too restricted, which is ensured by the right-hand side inequality
condition of setting 3 in (18). As a result, the equilibrium established in proposition 5
leads to an outcome that cannot occur at setting 2. Only the two most differentiated
systems have positive demands. Still all three firms have an incentive to enter the market

because they make positive profits at equilibrium.

The bundling solution is established in proposition 6 below.

Proposition 6. When conditions (18) and (19) are satisfied, there is a unique
bundling subgame equilibrium, at which the entry of firm A is efficiently deterred. The
corresponding equilibrium outcome coincides with the bundling subgame equilibrium
outcome at setting 1. Accordingly, the equilibrium prices of firm M and firm B are given
by the symmetric set of prices in (F39) while firm M does not enter the market. This is
also the subgame-perfect equilibrium solution of the model at setting 3.
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Proof: see section H of the appendix.

Like the bundling equilibrium outcome at setting 2, the outcome from the bundling
equilibrium established in proposition 6 prevents firm A from selling its good in a system
with the good of firm M. The variegation of consumer tastes, however, is restricted by
the left-hand side inequality condition of setting 3 in (18). Therefore, the other system in
which firm A could sell its good, A;B5, also has no demand. As a result, firm A would
be effectively deterred in the case that firm M chooses to bundle its goods. The bundling
strategy is optimal for firm M because it leads to the equilibrium outcome described in
proposition 2. In particular, firm M is a monopolist in submarket A which allows it to
maximize the consumer surplus it extracts by only selling its goods in a bundled system
upgraded by B1.

As a final step of our analysis we measure the social welfare effect of the exclusion of
firm A at the bundling subgame equilibrium established in proposition 5, relative to the
non-bundling subgame equilibrium in proposition 6. The results are formally stated in

proposition 7 below.

Proposition 7.  When conditions (18) — (19) are satisfied, allowing for bundling
has strictly negative social welfare at equilibrium. Both producer surplus and consumer
surplus are lower at the bundling equilibrium established in proposition 6, relative to the
non-bundling equilibrium in proposition 5.

Proof: see section H of the appendix.

Bundling affects social welfare in two ways. On the one hand, by excluding good A2
from the market, it leads to an increase in the average quality of the systems available
in the market. However, at optimal prices, the systems available in the market are more

expensive. Therefore, consumers with lower taste prefer to switch to the outside option

which leads to decrease in the consumer surplus.!? The inequality conditions of setting 3

19Note that the dominance of the negative effect would be stronger in the presence of positive network
externalities as in the setup suggested by Carlton and Waldman (2002).
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in (19) imply that the systems containing A2 are not much differentiated from the systems
containing Al. Therefore, the negative effect of the market exclusion of A2 dominates
the positive effect. Additionally, the market share of the bundled system also decreases,
which reduces the producer surplus. Therefore, at setting 3 the social effect of bundling

1S negative.

3.4 Conclusion

In the presented paper we examine how important the quality differentiation of systems
and the variability of consumer tastes are for the entry-deterrence effect of bundling
implemented by a multi-product firm. We propose the solution of three particular market
settings for vertically differentiated systems.

First, we demonstrate the importance of quality differentiation for the exclusionary
effect of bundling in a simple market setting where a multi-product firm is monopolist in
the (core) sub-market for one of the system elements, and faces a superior-quality entry
threat in the other (adjacent) sub-market. Since consumers value systems that include the
entrant’s good more highly, the multi-product firm gains more from selling its monopoly
good only as part of such a system. This allows it to extract more consumer surplus than
if it sells its bundled system alone. However, if the multi-product firm does not bundle,
it is suboptimal for it to sell in the adjacent sub-market. Thus, in this particular setting,
the multi-product firm faces the dilemma of whether to sell its goods only bundled in a
system or to turn itself into a single-product firm operating solely in the core sub-market.
In both cases, the multi-product firm would have the same profit and market share in the
monopoly sub-market.

Second, we analyze a market setting in which the multi-product firm faces an entry
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threat from a potential inferior-quality rival in the core sub-market, and from a potential
superior-quality rival in the adjacent sub-market. In addition, for this particular setting
we assume that the lower-quality systems are more differentiated than the higher-quality
systems and consumer tastes are sufficiently variegated for showing that at these
assumptions all three firms could have positive market share both at a non-bundled and
bundled equilibrium. As in the first setting, consumers value the system formed by the
goods of the multi-product firm and the superior-quality entrant most highly. Unlike the
first setting, however, the multi-product firm cannot afford to exit the adjacent sub-market,
because then the superior-quality entrant will have more market power to extract a larger
share of the consumer surplus. Therefore, at the non-bundling equilibrium established in
the paper, the multi-product firm chooses to stay, though only symbolically, in the adjacent
sub-market by charging its good at a zero price. That is, it makes no profit directly from its
sales in the adjacent sub-market but at the same time this allows it to preserve its dominant
share of the extracted consumer surplus. Given bundling, the system formed by the goods
of the multi-product firm and the good of the inferior entrant will be more expensive and of
lower quality than the bundled system alone. Accordingly, at a pure-bundling equilibrium
the core-submarket entrant sells its good only combined in a system with the good of the
entrant in the adjacent submarket.

Third, again we consider a multi-product firm facing a potential inferior-quality entrant
in the core sub-market, and potential superior-quality entrant in the adjacent sub-market.
Distinct from the second setting, however, in this third setting we assume that the
lower-quality systems are not more differentiated than the higher-quality systems and
consumer tastes are not variegated enough to ensure demand for the goods of all the three

firms at a pure-bundling equilibrium. As a result, we show that the adjacent-submarket
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good of the multi-product firm cannot be sold as an element of more than one system
either at a non-bundling or at a pure-bundling equilibrium. At the non-bundling
equilibrium, it could be sold only as a positively priced element of the system it forms
with the good of the inferior-quality entrant. At the pure-bundling equilibrium, the
multi-product firm’s core-submarket good could be sold only as an element of the bundled
system. In turn, this will lead to effective exclusion of the inferior-quality rival. The
latter case brings higher profit to the multi-product firm but has a negative effect on both
producer and consumer surplus, resulting in decreased social welfare.

In summary, we could infer from our results that the variability of consumer tastes
and the pattern of quality differentiation are decisive for the entry-deterrence effect of
the bundling or pricing strategies of a multi-product firm in a market for vertically
differentiated systems. Therefore, these market characteristics should not be neglected
when analyzing the competition in vertically differentiated markets for systems. The more
differentiated the low-ranked systems’ qualities and the further variegated the consumer
tastes, the less likely it is that pure bundling could effectively exclude an inferior-quality
entrant from the core sub-market. Furthermore, the multi-product firm strictly gains from

accommodating a superior-quality rival in the adjacent sub-market.
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Appendix (Mathematical Proofs)

F. Solution for Setting 1 - Proof of Propositions 1 and 2
In this section, we derive the solution of the game for setting 1.

We start with an analysis of the (reduced) non-bundling game equilibrium and the
proof of proposition 1.

First, we need to check what the optimal pricing strategies of firms M and B would be
if they expected the market to be covered (i.e. 613/9 < 8) and both systems A;B; and A B,
(ie. 8 <012 < 0), which could be formed by their goods to have positive demands.
The equilibrium prices are given by the solutions of the revenue-maximization problems
of the two firms derived by substituting with the corresponding expressions for D; and

D1, from (12) and (13) in (1) and (2), respectively: 1

Max RGNBI2 = 1 (6—0) +ppy | L2 PE2 g (F1)
PAL:PB2 d11/12
A4axR§”“B“2::pBl<5¥—£€}31E9> (F2)
PBI 11/12

The optimal solutions for the above pair of problems is given by the solution of the

following system of equations (resp. first-order optimality conditions):

JRSINoBcl2
M _9-0=0
dpai
ORYNBIZ  ppy —2pp) B
— —9=0 (F3)
Ipp2 diy12
IRy NoBel2 _g_2pei—DPR2_
Ippi diy12

"'The superscript SINoBc12 stands for setting 1 (S1), non-bundling (NoB) equilibrium, covered (c)
market with both the systems of quality ranks 1 and 2 (12) having positive demands.
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Note, however, that the first equation in (F3) can never be satisfied when the condition of
setting 1 in (14) holds. Therefore, we have a corner solution for p4; given by the highest

value of the price of good A1l at which the market would still be covered by system A1 B>,

i.e. 912/0 < Q:
S1NoBc12 SINBc12
Pal =d12/08 — Pp>

1~ (2d1/12+3d12/0) 0 —dy1/120
pSiNoBel2 _ §(9 —20)dy) /12 = pSINBel2 _ / 3/ / (F4)

1 —
pSINoBel2 _ 3(26=8)dii 1

The market shares of the two systems A;B; and AB; at the optimal prices in (F4) are as

follows:

(s}

DSINoBe12 _ g _ gSINoBel2 _ 20-6
11 = n/12 T T3

(F5)

DSlN()Bch _ GSIN()BCIZ —0 = 6 — ZQ
12 - Y11/12 = 3

Trivially, both expressions above are positive when the condition of setting 1 in (14) holds.

The value of the revenue of firm M at the optimal prices in (F4) is given by the following

expression:

RISVIINOBCIZ* _ <9(§_ Q)QdIZ/O _ (262 _ 5§Q—|— 2Q2> d11/12) (F6)

O | =—

The condition of setting 1 in (14) is not sufficient for the price of good Al in (F4) to

satisfy the non-negativity requirement. The following condition must also hold true:

0dyy /1
3d12)0+2d11)12

6> (F7)

Otherwise, good A1 will have a zero optimal price and the optimal revenue of firm M will
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be given by the following expression:

Ry NP = (6 —20)%d 17 (F8)

o —

Second, we need to check what the optimal pricing strategies of firms M and B
would be if they expected the market to be non-covered (i.e. 61/ > 6) and both
systems A1B; and A1B; (i.e. 813/0 < 0112 < 0), which could be formed by their
goods to have positive demands. The equilibrium prices are again given by the solutions
of the revenue-maximization problems of the two firms derived by substituting with
the corresponding expressions for Dy; and D;p from (12) and (13) in (1) and (2),

respectively:'?

— —+ — +
]\;{Acdsz[S‘}NOB“‘Z = pai (9 — M) T <PBI PB2  PAl P32> (F9)

di2/0 dii12 di2)0
MaxRSNoBn12 _ (5_ PB1 —p32> (F10)
PBI di12

The optimal solutions for the above pair of problems is given by the solution of the

following system of equations (resp. first-order optimality conditions):

P o
opar dinjg

ORS NoBn12 _ pB1—2pB2  part2pm 0 (F11)
opp2 dii/12 d12/0

IR 5 2emi—pe
8p31 d11/12

12The superscript S1NoBn12 stands for setting 1 (S1), non-bundling (NoB) equilibrium, non-covered (n)
market with both the systems of quality ranks 1 and 2 (12) having positive demands.
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The set of optimal prices is then given by the following expressions:

S1NoBnl2 __ 9d12/0
Al - 2

pgéNanu -0 (F12)

SINoBnl2 __ 9d11/12

Note that this time the optimal expression for the price of good B2 does not satisfy
the non-negativity condition. The optimal price of good B2 is therefore given by the
zero-price corner solution. However, at the optimal prices in (F12) the initially assumed
expectations of the firms for both systems A;B; and A;B; having positive demands are
not met. Particularly, there is no demand for system A B, because the two marginal taste

variables whose difference gives the demand for A|B; have identical values:

INoBn12
DS
12

=011/12— 6120 = =0 (F13)

| D
| @

Hence, there is not such a non-bundling equilibrium at which the market is not covered
and the both systems A|B; and AB; have positive demands.

Accordingly, if firm M still expects the market not to be covered at a non-bundling
equilibrium, its revenue-maximization problem should reflect the result in (F13). That
is, it should represent firm M’s revenue function when firm M is a single-product firm

operating in the core sub-market only:!?

MaxRSINoBl — (G — PAl+ PB1 (F14)
m

di1)0

13The superscript SINoBn1 stands for setting 1 (S1), non-bundling (NoB) equilibrium, non-covered (n)
market with only the system of quality rank 1 (1) having a positive demand.

154



Mcsz%lNOBn1 = pB1 (6_ M)
PB1

(F15)
di1/0

Thus, firm M is in an identical position as firm B. Therefore, the corresponding solution

for prices is symmetric:

S1NoBnlx* SINoBnlx* __ 4

Pal = P = gdll/o (F16)
The market share of system A B is as follows:
_ 0
D?]lNOBnl —9— 61511/1\(1)0]3111 _ 5 (F17)
The optimal profits are identical:
92
RSINoBnlx _ pSINoBnlx _ 5 dy1 /o (F18)

Third, we compare the revenue expression in (F18) with that of firm M at the

covered-market non-bundling subgame equilibrium in (F6) by subtracting the latter from

the former:

S1NoBnlx* S1NoBcl12x __
Ry —Ry

O | =

(8%11/0—98(0 — 0)d1zyo+ (207 ~ 500 +26%) iy 12)
(F19)

The expression in (F19) is strictly decreasing in 0 for any value of it satisfying the
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condition of setting 1 in (14):

O (RYNON™ — RENOB) 26 (9diojo+2d11/12) =8 (9diajo+5dujna)
J0

(F20)
for 6 <

9

0 - (9120 +5d11/12) r
2 " 2(9%d120+2d11)12)
At = g, however, the revenue difference in (F19) is strictly positive when the conditions

of setting 1 in (14) and (15) hold:

R}SVIINanl* —RE,}N(’BCIZ* — 52 (4d11/0 — 9d12/o) >0

4d11 )0

1
4 (F21)

for 6 =

and d12/0 <

| D

Analogously, we could also compare the revenue expression in (F18) with that of firm M
at the covered-market non-bundling equilibrium in (F8) for the case when (F7) is not

satisfied and good Al is charged a zero price:

R[SV[lNanl* _R[SVIINOBCLZ** _

_2 —
(9 dyijo— (9—2Q)2d11/12> (F22)

O =

Note that the difference in the brackets is strictly positive when the condition of setting 1
in (14) is satisfied. So, in the non-bundling subgame firm M is strictly better off to enter
as a single-product firm in the core-submarket only and set price for Al at which only
system A1B; has positive demand in a non-covered market. This completes the proof of
proposition 1.

Next, we continue with the proof of proposition 2.

We derive below the equilibrium solution of the pure-bundling subgame that would
follow after firm M chooses to enter with both its good, Al and B2, offered in a bundle

only.
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First, we need to check what the optimal pricing strategies of firms M and B would be if
they expected the market to be covered (i.e. 013/9 < 8) and both systems A1 BB and A; B,
(e. 8 <0112 < 0), which could be formed by their goods to have positive demands.
The equilibrium prices are again given by the solutions of the revenue-maximization
problems of the two firms derived by substituting with the corresponding expressions

for D; and Dy, from (12) and (13) in (1) and (2), respectively:14

MaxR3[5'? = py (6 - 6) (F23)
Pm

MaxRS1B12 = py (G- PB1 (F24)
PB1 d11/12

The optimal solutions for the above pair of problems is given by the solution of the

following system of equations (resp. first-order optimality conditions):

aRSIBCIZ o
8M— =0-0=0
pPm
F25
IRSIBE2 o, (F25)
s - —0
Ipai dii/12

As in the solution for the non-bundling covered-market equilibrium, the first equation
in (F25) can never be satisfied when the condition of setting 1 in (14) holds. Therefore,
we have a corner solution for pys given by the highest value of the price of the bundled

system A B at which the market would still be covered by system A By, i.e. 6159 < 6:

(F26)

The market shares of the two systems A;B,B1 and A B; at the optimal prices in (F26) are

14The superscript S1Bc12 stands for setting 1 (S1), bundling (B) equilibrium, covered (c) market with
both the systems of quality ranks 1 and 2 (12) having positive demands.
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as follows:

- 20
1Bcl2 1Bc12
DA =8~ i E (F27)
630
1Bc12 1Bc12 Z
DY = 0717 — 0 = =

The value of the revenue of firm M at the optimal prices in (F26) is given by the following

expression:

Ry " = (0-0)0d1)0 (F28)

Note that the condition of setting 1 in (14) is necessary but not sufficient for the demand
of the bundled system alone to be positive. The following stricter condition must also

hold:

|
A\
|

(F29)

W | =

Otherwise, a solution would not exist with an equilibrium outcome at which the market
is covered and both systems, A;B>B; and A|B», having positive demands. Instead only

A1B>B1 would be demanded and the optimal prices would be symmetric:

0d11)0
pSIBel _ SiBel _ : / (F30)

The corresponding expression for the revenue of firm M is given as follows:

Ry %M = —(0-0)0d,; (F31)

| =

which is strictly smaller than the revenue in (F28) when the condition of setting 1 in (15)

holds.
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Second, we need to check what the optimal pricing strategies of firms M and B
would be if they expected the market to be non-covered (i.e. 613/ > 6) and both
systems A;B>B) and A1B; (i.e. 8 < 0115 < 0), which could be formed by their goods
to have positive demands. The equilibrium prices are again given by the solutions
of the revenue-maximization problems of the two firms derived by substituting with
the corresponding expressions for Dy; and Dy from (12) and (13) in (1) and (2),

respectively: !

MaxRSIBM2 — p, (g — PM (F32)
Pu di2/0
MaxR®2 = ppy (8 — P2 (F33)
PB1 d11/12

The optimal solutions for the above pair of problems is given by the solution of the

following system of equations (resp. first-order optimality conditions):

QRSIBn12 5
aM— —9— dﬂ -0
Pm 12/0 (F34)
aRngHIZ _ 2@
—— =0- =0
dpa1 dii/n2
Hence, we derive the following optimal prices:
siBn2 _ 99120
)
_ (F35)
signi2 _ 9d11/12
Bl -5

Again, the corresponding solution implies zero demand for the bundle alone. Firm M,

I5The superscript S1Bn12 stands for setting 1 (S1), bundling (B) equilibrium, non-covered (n) market
with both the systems of quality ranks 1 and 2 (12) having positive demands.
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however, does not exit market B.

pDS1Bn12 _ gS1Bn12 _ gS1Bnl2 _ 6
121 = Y1112 12/0 )

(F36)

Consumers are not given an option to purchase A1 without B2. Therefore, whoever buys

the best system A1 B receives B2 together with it. The corresponding equilibrium prices

are given by the solution of the following revenue-maximization problems:'®

o — DM+ DBI
A;IAC;Xst\}Bnl = pm (60 —64110) = pu (9 - —)

(F37)
di1)0
- — put
MaxR3B" = pp; (8- 6y, ) = pai (9 = M) (F38)
pa1 di1 /0

As in the solution for the non-bundling covered-market equilibrium, firm M is in identical

position as firm B. Therefore, the corresponding solution for prices is symmetric:

S1Bnlx S1Bnlx 0

Py =Pp = §d11/o (F39)
The market share of the upgraded system A B, B is as follows
— ]
DY PM =0 -y = 3 (F40)
The optimal profits are identical:
S1Bnl S1Bnl 6’
Ry " =Ry "= 9 di1)0 (F41)

Third, we compare the revenue expression in (F41) with that of firm M at the

16The superscript S1Bn1 stands for setting 1 (S1), bundling (B) equilibrium, non-covered (n) market with
only the (upgraded) system of quality rank 1 (1) having positive demand.
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covered-market bundling subgame equilibrium in (F28) by subtracting the latter from

the former:
9°d
RISV[IBHI* _RISVIIBCH* _ 7 4/ _Q(g—gﬁilz/o (F42)

9

The revenue difference in (F42) is strictly positive when the conditions of setting 1 in
(14) and (15) hold. Since the revenue of firm M in (F31) is strictly exceeded by R]SV}BCIZ*
in (F28), we could conclude that the two alternative covered-market pricing strategies of
firm M are strictly dominated by its non-covered market strategy in (F39). Hence, firm M
is strictly better off from setting a price of its bundled system at which only the consumers
who prefer the upgraded system A{B; B buy it and in turn the market is not covered.
Finally, note that allowing for bundling does not change the optimal payoffs of the two

firms given by (F18) and (F41), respectively:

éZ
RZSWIBHI* — R]S\/IINOBHI* — ?dll/o

52 (F43)
R%anl* _ R}SglNanl* — Edll/O

Hence, the bundling strategy only weakly dominates the no bundling strategy of firm M.
The only difference between the subgame-perfect equilibria of the (reduced) non-bundling
game and the bundling game is that consumers are not given an option to buy Al alone

without B2 so that the latter has positive demand:

which completes the proof of proposition 2.
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G. Solution for Setting 2 - Proof of Propositions 3 and 4

In this section, we derive the solution of the game for setting 2.

We start with analysis of the (reduced) non-bundling game equilibrium and the proof of
proposition 3.

First, we need to check what would be the optimal pricing strategies of the three firms
if they are all expected to enter the market, and for their systems to have positive market
shares but still not to cover the market. The equilibrium prices are given by the solutions
of the revenue-maximization problems of the two firms, derived by substituting with the
corresponding expressions for Dy, D12, D31 and Dy, from (6) to (9) in (1), (2) and (3),

respectively:!”

Max RSNoBnI23 _ ) <§_ (Pa1+pB2) — (Paz +P31)) I

pA17p32 d12/21
rm <(Plill — Pp2) B (pai +P32d) — (pa2 +P31)) n G1)
11/12 12/21
g ((Plill —pr2) _ (Paz +p32)>
21/22 /0
MaxRS2NoBnI234 _ ) (5_ (a1 —P32)> N
PBI diii2
(G2)
( (pa1 +pp2) — (pa2+pp1)  (pB1— p32)>
+DPB1 —
di2)21 dy1 22
MaxRS2NoBn1234 _ ) (Pa1 +pB2) — (Pa2+pB1)  (Pa2+PB2) (G3)
Pa2 d12)21 d2 /0

"The superscript S2NoBnl1234 stands for setting 2 (S2), non-bundling (NoB) equilibrium,
non-covered (n) market with all the four systems of quality ranks 1, 2, 3 and 4 (1234) having positive
demands.
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The optimal solution of the above problems is given by the solution of the following

system of equations (resp. first-order optimality conditions):

ORI o 2partpm) — (Paztpm) _
dpai di2)21
IRGNOPMB (pp1 —2ppy)  (pa1+2ps2) — (P2 +PBI)+
dppr diynn diz)21
L (Pp1 —2pp2)  (Pa2+2pm2) _
dr1 /2 d /0 G4)
aRISé2N0Bn1234 :a_ (2]731 o sz) N
dppi di2
n (pa1+pp2) — (Pa2+2pB1)  (2pB1 — pB2) _0
di2)21 da1 /22
IRFNPNZR T (pay 4 ppa) — (2paz+ 1) (2partpm) 0
dpar diz)21 dynp

Since the resulting expressions for the optimal prices that come from the solution
of (G4) are very large we do not state them explicitly here but instead focus only on

showing that the price of B2 does not satisfy the non-negative constraint:

S2NoBn1234s _ X
B =

7 (G5)

where X and Z stand for:

X =204y, /0d11 /12021122 {d22)0 [d12/21d21 122 + di1 12 (drojo1 + 2401 /20) | +

+d12/21 [2d1221d01 122 + i1 )12 (2d12 21 + 31 120) | }

Z = {3dy1/12d1221d21 /22 [4d12 21401 122 + i1 12 (41221 +3day j20) | +
+d§2/0 (di1 )12 +da12) [9d1221d01 /20 +dii 12 (91221 + 81 y20) | +
+2ds 9 [661%2/210%1/22 +dy1/12d12)21da1 120 (121221 + 11day ) +

+d%1/12 (6‘1%2/21 +1dip 1z 22+ 4d§1/22>} }
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Note that both the expressions for X and for Z are strictly positive, and since their ratio
enters with a negative sign in (G5), the latter does not satisfy the non-negativity condition.
S2NoBn1234x

Therefore, we must have a corner solution pp5 = 0 at the pricing subgame

equilibrium. Then, we could re-write the first and last first-order conditions in (G4) as

follows:
JRS2NoBn1234 PA2 + PB1
T =020~ =0
Pl diz)21 G6
9 RS2NoBn1234 o
A = 912/21 — 2922/0 - Pz =0
dpaz d1z)21

Accordingly, the equations in (G6) imply that, at the pricing subgame equilibrium, the

marginal taste variables must be characterized by the following relationship:

0> 2012/21 > 4922/0 (G7)

Hence, when (16) holds we have that 6 > 65,y i.e. the assumption for the existence of

non-covered market equilibrium is not satisfied.
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Second, we need to check what would be the optimal pricing strategies of the three
firms if they all are again expected to enter the market, their systems to have positive
market shares but now also the market needs to be covered. The equilibrium prices are
given by the solutions of the revenue-maximization problems of the two firms derived by
substituting with the corresponding expressions for D11, D12, D21 and D>, from (6) to (9)

in (1), (2) and (3), respectively:18

Max RS2NoBel234 _ ) (5_ (pa1+pB2) — (Pa2 +P31)> n
PALPB2 di2)21

di/12 di2)21

o (@;Pm)_ Q>
21/22

+p32<(p31_p32) (PA1+sz)—(PA2+pBl)>+ (G8)

MaxRS2NoBe1234 _ (5_ (a1 —PBz)) N

PB1 d11/12
(G9)
(pa1+prr2) — (paz+ps1)  (pB1 —PB2)
+PB1 —
di2)21 dy1 22
MaxRSNoBe124 _ ) <(PA1 +pg2) — (Pa2 +pa1) —Q) (G10)
PA2 d12/2]

The optimal solution of the above problems is given by the solution of the following

18The superscript S2NoBc1234 stands for setting 2 (S2), non-bundling (NoB) equilibrium, covered (c)
market with all the four systems of quality ranks 1, 2, 3 and 4 (1234) having positive demands.
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system of equations (resp. first-order optimality conditions):

IRyFNOBeIH g (2pa1 +pp2) — (pa2+pB1) 0
dpar di2)21 -
IRYNOBIBY (pp) —2ppy) _ (Pa1+2pB2) — (pa2 +10191)Jr
dppr dumn di2)21
n (PB;—/ZPBz) _9-0
21/22
RS NoBe1234 o (2ps1 —p32)+ (G1D)
Ippi di/12
N (Par+pp2) = (paz+2pp1) _ (2ps1—pp2) _
di2)21 da1 /22
ORFZNPNEY (par+ pro) — (2paz+pp1) 00
dpaz di2)21 -

The solution of the equations above results in a set of optimal pricing expressions which
are too long to be explicitly stated. Therefore, here we only present the expression for the

price of B2:

di1/12d21 /22 ((254‘ 58)d12/214d21 /20 +di1 /12 <(2§+ 58)di221 +4(§+Q)d21/22))

paNoBel234 _ _
(d11/12 +d21/22) <9d12/21d21/22 +di/12 <9d12/21 + 8d21/22>

<0 (G12)

which trivially does not satisfy the non-negative constraint. Therefore, we must have a

corner solution plSéNOBnlB“* = 0 at the pricing subgame equilibrium. Then, the rest of the

optimal prices are given by the following expressions:

SNoBe1234 _ di221 (2(20 = 8)dy2 /2121 /22 +dy1 12 (40 —28)dy5 )01 + (40 — 8)dy /22))
Al =

(G13)
6d12/21d21 /22 +dy1 12 (6d12)21 +4ds) /22)

pSaNoBe1234 _ (40 +0)dy1 /12d12/21d21 /22

(G14)
6d12/21d21 22+ di1 /12 (6d12 )21 +4d1 /22)
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S2NoBel234 _ 412/21 (2(0 —208)d 122121 /22 +dy1 12 (2(0 —28)d12 /21 — 30451 )2) )

D (G15)
A2 6d12/21d01 /20 +dy1 /12 (6d12)21 +4ds1 /22)

Note that both the expressions for pf{%NOBCIB“ and p%NOBCIZM in (G13) and (G14),

respectively, are strictly positive for any 8 < 6, which holds by definition. The expression

for p3aNoBe1234 in (G15) is also strictly positive when the following inequality condition
holds:
2d d +d _
o< 1221 (di1 12 + da1 /22) 5 (G16)

4dyp/21da1 120 +diy 112 (4d12 )21 +3do1 /22)

. . . .- . d
which is less strict than the condition on 6 from above in (16) for any dy; /5 > ”2/12.

Accordingly, the validity of the latter inequality is ensured by the condition in (17). After
substituting for pp3NoBnI23%+ — ) and p32NoBe1234 from (G15) into the general expression

for the marginal taste variable 6, o given in the description of (9), we derive 655 o below

in terms of the system quality differences and the endpoints of the consumer taste interval:

pS2NoBeI234 _ di221 [2(0 —20)d12/21d21 20 +dy1 /12 (2(0 —28)d2 /21 —30dr1 /22) ]
/ 2 (3d12214d01 /22 +dy1 /12 (Bdio o1 + 2401 /22) ) doa o

(G17)

which is smaller than 0 i.e. implies a covered market at the above prices if the following

condition holds:

0> 2“1122/21 (d11/12+d21/22> ]
T [4diajaido i +di i (4diagar 4301 22) ) + dazjo (6d12)21da1 122+ di1 12 (6d1221 +4da1 22) | dingan
(G18)
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Accordingly, the condition in (G18) is less strict than the condition on 8 from below
in (16) for any dp; /o > %du /21 given that dyy /25 > %du /12- Both inequalities are ensured
by the condition in (17). After substituting for the optimal prices from (G13) — (G15) in
the covered-market bundling version of the demand expressions (6) — (9), they take the

form:

[S2NoBe1234 _ (20 — 0)d12/21d21 /22 + 20411 /12 (3d12 )21 + 241 /22) (G19)
! 6d12 /211 /22 +2d11 12 (31221 + 2401 122)

—— (26 — 8)di2/21d21 j22 — di1 12 (2(8 + 8)d 1201 +day 1226) G20)
= 6d12/21d21 20+ 2dy1 )12 (3d12 )21 + 2401 122)

S2NoBel234 _ 2(0 4 6)d12/21d21 /22 + dy1 /12 ((—20 + Q)d12/21 + Qdoy /22) Ga1)
2! 6d12/21da1 120 +dy1 /12 (6d12/21 +4day 122)

p§2NoBe1234 _ di112 (40 —50)d1221 —48d2122) — 60d1221d212 (G22)

6d1221d2122 + 2d1112 (3d1221 + 2d2122)

It is trivial that the demand expression for system A1 B; in (G19) is always strictly positive.
The condition for the positivity of (G20) sets a constraint from above on the spread of
consumer tastes:

2d d —d _
o< 12/21 ( 21/22 11/12) 5

o] (G23)
dyp /211 22 +dy1 12 (2d12/21 + day y22)

The right-hand side is positive for any dy; /5> > djy/12 and less strict than the condition
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on 6 from above in (16) when dy; /5 > %dn /12- The validity of both inequalities is
ensured by the condition in (17).
The demand expression for A>B; in (G21) is positive when the following condition

holds:

2d13/21 (d11 12— d21/22) r

0 >
dizj21da1 /22 +dyi1 12 (2d12)21 + doy j22)

(G24)

Note, however, that the right-hand side of (G24) is equal to the right-hand side of (G23),
that is it is strictly negative for any d; /5, > dy1/1 which is ensured by the condition
in (17). Because 0 is positive by definition, the condition in (G24) holds true and A;B;
has a positive demand.

Finally, the positivity of (G22) is ensured by the very condition on 6 from above
in (16).

Hence, the initial assumption that all the four systems have positive demands holds at
the equilibrium given by the set of prices (G13) — (G15) when the conditions in (16)
and (17) are satisfied. It could be shown (see section H of the appendix), that the
latter conditions have no intersection with the corresponding conditions for having an
equilibrium solution of the non-bundling game, where some of the systems do not have
positive demand. Since the three firms make positive sales, they all have an incentive
to enter the market at the first stage. Thus, the subgame-perfect equilibrium of the

non-bundling game established in proposition 3 is unique which completes its proof.
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The proof of proposition 4 follows the same steps but applied to the extended game
allowing for bundling at the second stage.
We need to check what would be the optimal pricing strategies of the three firms if they
are all expected to enter the market, firm M to offer its good only in a bundle. Note that
consumers have no incentive to buy the bundled system upgraded by the inferior-quality
good A2. Therefore, system A,B; cannot have positive demand at equilibrium. Still, we
assume that the other three systems have positive market shares.

First, we check for the existence of equilibrium at which the market is not covered.

If we assume that the bundled system is sold not only upgraded by Al, but also alone,
the equilibrium prices are given by the solutions of the revenue-maximization problems
of the two firms derived by substituting with the corresponding expressions for D1, D>

and Dy; from (6) to (9) in (1), (2) and (3), respectively:!®

MaxRS3BM2 — ;) 19 — pm — (Pa2+ pp1) (G25)
Py di2)21

MaxRSB2 — 0 1 (9 pBlL_ | PM~ (Pa2+ps1)  (Paz+ pai) (G26)
P di1/12 di2)21 da1 /o

MaxRS2BM2 _ | PM = (Pa2+pB1)  (Paz+pa1) (G27)
paz diz)21 d1 )0

19The superscript S2Bn123 stands for setting 2 (S2), bundling (B) equilibrium, non-covered (n) market
with only the systems of quality ranks 1, 2, 3 (123) having positive demands.
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The optimal solution of the above problems is given by the solution of the following

system of equations (resp. first-order optimality conditions):

IRy _g_2m— (Pa2+pp1)

= =0
dpm diz)21
OR3?Bn123 _g_ 2ps L Pm= (Pa2+2pp1) _ pa2+2pm1 _ (G28)
I pai di/2 di2)21 da1 )0
HRS2Bni23 0 )
A _pPu—Cpaatpp)  2patps) _
dpaz dio1 da1 /o

The corresponding set of optimal prices is given by the following expressions:

2B _ diz1 (do1 )0+ di221) (3di1 /121221 +4do1 ) (di1 /12 +dro 1)) —
M 0d, 1/12d122/21 +2d51 jod12 )21 (5d11 )12 +4d12)01) +d§1/0 (41112 +6d121)
(G29)
$2Bn123 _ da10d1112d1221 (4da1o + 5d1221) 8 (G30)
6d1112d7,1 +2d210d1221 (5di112 +4d1201) + day (4di112 + 6d1221)
pS2BmI23 _ da10 (2da10 — di112) iy 8 (G31)
6d1112d35y, 4 2d210d1221 (51112 +4d1221) + 31 (4d1112 + 6d1221)

After substituting for the optimal prices from (G29), (G30) and (G31) in (5), we could
derive the equilibrium expressions for the marginal taste variables, 61,1, and 6y 51, the

difference of which is given as follows:

diza <2d§1/0 —3d11/12d12/21 +da1 )0 <d12/21 - 3d11/12>)

S2Bnl23 _ nS2BnI23 _
6d11/12d122/21 +2dy) j0d1221 (5d1|/12+4d12/21) +d%1/0 (4411/12 +6d12/21)

11/12 12/21

6 (G32)

day 10 (2da1 jo+d12)01)
3(dy1j0+d12)21)

which is strictly positive for dyj/1; < Le. when dy )9 > 3dyy/12-
Therefore, when the condition in (17) is satisfied, the assumption that the bundled system
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is sold not only upgraded by A1, but also alone, holds true at equilibrium.

Analogously, we could also derive the equilibrium expression for 6,1/ as shown
below:
di2/21 (211 12d12)21 + o g0 (2d11 12+ din ) -

?]
3d11/12df2/21 +d§1/0 (2d11 )12+ 3d12)21) + oy jod12 )21 (511 )12 +4d12 1)
(G33)

610 =

which is smaller than 0, i.e. a non-covered market equilibrium does not exist if the

following condition holds:

- dio21 (2dy1/12d12)21 + a1 0 (2d11 )12+ d1o 1)) rl
- 3d11/12d122/21 +d§1/0 (2d11 /124 3d12/21) + o1 jodi2 )21 (51 12 +4d12 1)

(G34)

The right-hand side of the inequality in (G18), however, is strictly smaller than the

condition from below on 6 in (16), when the following inequality conditions jointly hold:

5dy2/21

da10 > (G35)

2
3d;, /0d12/21

dijie>— (G36)

2 2
2d21/0 = 3dy1/0d12/21 — 5d12/21

The condition in (G35) is satisfied when (17) holds true. Furthermore, the right-hand
side of (G36) is strictly negative when the condition in (G35) is satisfied. Hence, since
di1/12 1s positive by definition, when (17) holds, there cannot be non-covered market

equilibrium of the bundling game.
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Second, we derive the covered-market equilibrium of the bundling game at the
conditions of setting 2.

If we assume that the bundled system is sold not only upgraded by Al, but also alone,
the equilibrium prices are given by the solutions of the revenue-maximization problems
of the two firms, derived by substituting with the corresponding expressions for Dy, D>

and D,; from (6) to (9) in (1), (2) and (3), respectively:20

Py di2)21

MaxR2P13 — o | (5 Pe1_ | , PM (Pa2+ pB1) 9 (G39)
PB1 di/2 di2)21
DPA2 d12/21

The optimal solution of the above problems is given by the solution of the following

system of equations (resp. first-order optimality conditions):

JR}Be123 _g_ 2Py —(pa2+pp1)

p— - O
opm 221
ORS2Bc123 o _ 2
P _g_PBL PM (pa2+2ps1) -8=0 0
Ipai diyiz 4z
&Rﬁchm _pM~— (2pa2+pB1) —0=0
dpaz di2/21 B

20The superscript S2Bc123 stands for setting 2 (S2), bundling (B) equilibrium, covered (c) market with
only the systems of quality ranks 1, 2, 3 (123) having positive demands.
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The corresponding set of optimal prices is given by the following expressions:

S2Bel23 _ (26 — 0)dy2/21 (dy11 /12 +di2)21)
S _

(G41)
2dy1)12+3d12)01
S2Be123 _ (20 —0)d11/12d12)21 G
2dy1 12+ 3d12)21
diz21 ((0 —28)dy2 /01 — 841112
pS2Bel23 _ a1 / /12) (G43)

2dy1 /12 +3d12)21

It is trivial that the expressions in (G41) and (G42) are always strictly positive.
Accordingly, the expression in (G43) is also strictly positive when the following condition
holds true:

di2)21 —
0 < 0
T diyint2di)

(G44)

The right-hand side of (G44), however, is strictly larger than the condition from above on

0 in (16) for any dy; /25 > dy1/12 Which is ensured by (17). Hence, when the latter holds

true, pEéBclB

is positive.
After substituting for the optimal prices from (G41) — (G43) in the covered-market

bundling version of the demand expressions (6) — (9), they take the following forms:

pS2Bel23 _ 20d,1/12+ (8 + 8)d12a1

(G45)
a 2dy1 12+ 3d12)01
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(6 —20)dy21 — Ody1 12

pS2Be123 _ (G46)
. 2dy1 12+ 3d1201
0 —20)d;r/5 — 0d

p§RBeI2s _ ( 0)d1221 — 0dy1 /12 G4
2dy1/12+3d12)21

It is trivial that on the one hand, the demand expression for system A1 B in (G45) is always
strictly positive. On the other hand, the demand expressions for the other two systems,
A1B> and A;Bj, are identical and their positivity is ensured by the condition in (17) in
the same way as the positivity of pf‘%BdB. Hence, the initial assumption that the bundle
system is sold not only upgraded by A1, but also alone, holds at equilibrium.

Next, if we substitute for the optimal prices from (G41) — (G43) in the expression
for 6, /o we get the following result:

p37Be123 _ di2/21 (2(6 = 8)dy1/12+ (8 —208)d12)2)
/ dy1 )0 (211 12+ 3d12)21)

(G49)

which is smaller than 0, i.e. the assumption for a covered market will hold at equilibrium,

as long as the following condition is satisfied:

0dy3)01 (2dy1 /12 +d12)21)

6 >
2d1221 (di1 /12 +draja1) +dai jo (2d11 12 +3d12)21)

(G50)
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The right-hand side of the inequality in (G50), however, is strictly smaller than the
condition from below on @ in (16). Hence, there is a bundling subgame equilibrium
with all three firms entering the market, firm M choosing to sell its goods in a bundle,
and all three firms having positive market shares and profits at the corresponding set of
optimal prices in (G41) — (G43). The very profits could be derived by substituting for
the optimal prices in the revenue expressions (G25) — (G27), respectively. The resulting

expression for the profit of firm M is given below:

n 2 2
RISVIZBCIB* _ (—29 ‘|‘Q) d12/21 (d11/12 +d12/21) (G51)

(2dy1 /124 3d12/21) 2

Similarly, we could derive the expression for the optimal revenue of firm M at the

non-bundling equilibrium established by proposition 3:

RSZNoBe1234¢ _ di221 (2(20 — 8)d1201d21 20 +dy1 )12 (40 —28)d 201 + (460 — 0)dy /22) )

2
(G52)
4 (3dy2/21da1 )22 +di1 12 (3di2ja1 +2da122) ) 2

The difference between the firm M’s optimal revenue expressions in (G51) and (G52) is

given by the expression:

RISVIZBCIB* _RZS\/12N0801234* =W-Q (G53)

where:
W= di1/12d12/21 [12(2§*Q)df2/21d21/22+411/12d12/21 (12(2§*Q)d12/21+(405*17@)@1/22)}
4(2dyy j124+3d12)21 ) (31221621 /22 +di 1 112 (312 21 +2d01 /22) )

2d121/12d1 171281221 (5(20—0)d 221 +(86—30)dy1 2
4(2dy1124+3d12/01 )2 (3dio21d21 jo+di 1 12 (31221 +2d01 122) )

Q = [-30d1221d21 /20 +d11 /12 ((40 —20)d 1521 — 20451 2) |

It is trivial that W is always strictly positive while the condition for the positivity of Q is
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given by the following inequality:

46d,1 /12d12)21

0 <
3d12/21da1 122+ 2d11 12 (di2j21 + da j22)

(G54)

which is obviously larger than the condition from above on 0 in (16). Hence, when the
latter holds, firm M will be strictly better off from bundling.

To summarize, when the conditions in (16) and (17) hold true, there is a unique
subgame perfect equilibrium characterized by all three firms entering the market, firm M
offering its goods in a bundle only and the optimal prices given in (G41) — (G43), which

completes the proof of proposition 4.

177



H. Solution for Setting 3 - Proof of Propositions 5, 6 and 7
In this section, we derive the solution of the game for setting 3.

We start with analysis of the (reduced) non-bundling game equilibrium and the proof
of proposition 5.
First, note that since in setting 3 we have the same three firms as in setting 2, the
profit-maximization problems are given by (G1) — (G3) for the non-bundling game when
firms expect all the four systems to have positive demands but market not to be covered.
Accordingly, the inequality relationship between the marginal taste variables in (G7) must
hold again at equilibrium. However, the left-hand side of the inequality condition in (18)
implies that in setting 3, 6 is less than twice smaller than 6. Hence, the following

inequality holds true:

0> 012)21 > 020 (H1)

which implies non-existence of a non-covered market equilibrium with all four systems
having positive demands. Similarly, it could be shown that the inequality condition in (18)
is sufficient for the non-existence of non-covered market equilibrium with any number of
systems.

We could also show how the solution for the covered-market equilibrium derived
from (G11) implies that the inequality in (H1) must also hold when the market is expected
to be covered. Therefore, in setting 3 a covered-market equilibrium at which all the
four systems have positive demands does not exist. Furthermore, among all the other
potential covered-market equilibria at which firm M enters as a multi-product firm in both
sub-markets without bundling (S3NoBc12, S3NoBc14, S3NoBc123, S3NoBc123), that

which allows for the biggest differentiation of the systems’ qualities and therefore yields

178



the highest profit for firm M is established in proposition 5 (S3NoBc14). For the sake of
brevity, it is the only equilibrium we derive below.

Let us suppose that the covered-market equilibrium established in proposition 5
exists. Namely, all firms enter, but only A;B; and A;B; have positive demands, and
the market is covered. Then, the equilibrium prices are given by the solutions of
the revenue-maximization problems of the three firms, derived by substituting with the
corresponding expressions for D; and Dj, from (6) and (9) as well as with Dj;=D,; =0

in (1), (2) and (3):2!

Max R]SW?)NOBCI4 :pAl

(5_ (pa1+ pe1) — (pa2 +P32)> i

PA1:PB2 d11/22
(H2)
+ — +PB2
+ s ((PAl PBL? (Pa2+ pr2) —Q)
11/22
MaxR§3NoBcl4 =1 | 0 - (pa1 +pa1) — (Pa2+ pr2) (H3)
PBi1 d11/22
MaxRSNoBel4 — ) (pa1+pp1) — (Pa2+ pr2) _p (H4)
PA2 d11/22

2 The superscript S3NoBc14 stands for setting 3 (S3), non-bundling (NoB) equilibrium, covered (c)
market with only systems of quality ranks 1 and 4 (14) having positive demands.
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The optimal solution of the above problems is given by the solution of the following

system of equations (resp. first-order optimality conditions):

ORGP _g_ Cpartps) —(par+2pm) _

o di1)x -
aR}SW?)NoBcM _ (2PA1 +p31) — (pAZ +2PB2) —0=0

dpm di1)22 a HS5
JRS3NoBcl4 2 — "
IRGFNBM (pa1+2pp1) — (pa2 +pp2) 0

g di12 -
aRf\ZNOBcM _ (pAl _|_p31) — (2pA2 +p32) —0=0

dpaa dy1/22 a

Note that the first two equations in (HS) are inconsistent. Therefore, we should have
a corner solution for the price of B2, i.e. it obtains the highest value at which the market

would still be covered. The corresponding set of optimal prices is given as follows:

pap OBt = %_ (2d22/0 +di1)22) (H6)
P 0Pt = % (20 —36)d1 /2 (H7)
P OBt = %(25 —0)di1» (HB)
P 0P = 0dy o + i(—2§+ 30)dy1)22 (H9)

The condition for the price expression in (H9) to be positive is:

2d _
0> 11/22 8

o] (H10)
4day 10+ 3d11 /22

which is less strict than the right-hand side inequality condition in (18)
when dyj > 7(V7—2)d15. The validity of the latter inequality is ensured
by (19).
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The set of optimal prices (H6)—(H9) implies that A B, is cheaper than A; B as long as

the right-hand inequality condition in (18) is satisfied:

86dy/0 —3(20 —30)dy /2 -

S3NoBcl4 S3NoBcl14 S3NoBcl14 S3NoBcl4
(P + P2 ) — (Pa2 + Pp1 ) 2

0 (H11)

Since A B; is of higher rank that A, B;, however, the latter cannot have a positive market
share when charged a higher price.

Then, it remains only to show that A{B; has no demand at the prices (H6)—-(H9), when
As B is excluded from the market. The corresponding expression for its market share is

given as follows:

DSSN0B014 — @S3NoBe __ 9S3N0Bc —

12 11/12 12/22
_ — H12
_ [(26 —56)dy1/12+4(0 — 8)d122] di1 /22 —40dns o (dy1 12 + di2y22) (H12)
4dyy/12d12)22
which is non-positive when the following inequality holds:
2(d +d _
(di1/22 +di2y) 5 (H13)

T 4dyo+5di 0 —dinmm

The inequality in (H13) is less strict than the left-hand side inequality condition in (18)
as long as djp /7 < %dll/zz which is ensured by (19).
Hence, only the most differentiated systems A;B; and A, B, have positive market share

when conditions (18)—(19) are satisfied:

20 —
D%’;NOBCM _ ( 94 Q) (H14)

DggNoch _ ~Z (H15)

This result completes the proof of proposition 5.
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The proof of proposition 6 follows directly from the observation that the left-hand side
of the inequality condition in (18) is inconsistent with the condition for a positive price
of good A2 in (G44). The corresponding set of optimal prices is given by the following

expressions:

30 —0)dy /12 +20d
pjs‘;433c14: <( _) 11/12 12/21) (H16)
3dy1/12+4d12)01
sipera (30 —=20)dy/10d12)21)
B = (H17)
3dy1/12 +4d12)21
pS3Beld H1S)

When the condition in (G44) is not satisfied, however, both expressions for the market

shares of A1B, and A, B are non-positive:

0—20)d —6d
D%BCM _ ( 0) 12/21 — Yd11/12 <0 (H19)
3dy1/12 +4d12)01
2(6—20)d —26d
DE%BCMZ ( 0) 12/21 — <Y9411/12 (H20)

3dy1/12 +4d12)21

Hence, at the conditions in (18) and (19) a bundling subgame equilibrium does not
exist at which A;B; has positive market share. Therefore, firm 2 has no incentive to
enter the market which leads to the subgame equilibrium outcome at setting 1 under the
conditions of setting 3.

To derive the optimal bundling strategy we compare the profits of firm M in case of
exclusionary bundling and in case of non-bundling. The optimal expressions for profits
are given as follows:

2
R]SVISBnI* :RJSV[anl* _ ?dll/o (H21)

182



49° — 1606 + 116>

Ry = (8- 0)0dy 10— T

di1/22 (H22)
The difference between (H21) and (H22) is given by the expression:
RS3Bnls _ psanobelss _ g2, g gy o L (452 — 1666 + 11 62) d (H23)
M M g7 d11/0 9)8dn/0+ 16 o 07 ) d1/22

which is strictly positive when the following condition holds:

520° — 14406 + 9962
) diy2n (H24)

dyr o > — — —
/ 16(92—99Q+9Q2

The right-hand side of (H24) is strictly decreasing in 8 when the condition of setting 3
in (18) holds. Hence, the inequality in (H24) is satisfied as long as dy; g satisfies the
following condition:

4 jod1 /22 (52220 + 9411 22)
—64d3, 1 +288dss 01122 + 8145, 1,

dajo > (H25)

The inequality in (H25) is derived by substituting 0 in (H24) by its lower bound in (18).
The condition in (H25) is satisfied for any dp; /o < % (5 +V 70) di1 /22 which is ensured
by (19). Therefore, firm M finds it optimal to apply bundling and efficiently deter the

entry of firm A in the primary market. This completes the proof of proposition 6.
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Finally, to prove proposition 7, we measure the change in the social welfare, the
producer surplus and the consumer surplus in case of bundling relative to the case of
no bundling at setting 3 of the model.

The social welfare in the two subgames is given as a sum of the integrals of the

consumer valuations of the systems they buy based on their tastes:

swsn_ (% aa0 s [0 gnedo= [ pedo+ [ xneae (s
=), X xn0d0 = | 20040+ [ _xu (H26)
Lo LA Z

0110

S3NoBcl14 011/ 0 . 0

SWRINoBe :/ }Qz@d@—}-/ X110d6 :/ X220d0 + 2540 x110d06 (H27)
0 01122 2] ==
In explicit form the expressions in (H27) and (H26) look as follows:
562 462 —96?
SWS'SBnl* _ [ X1+ ( = )%O} (H28)
18
N2 N 2 N2 N 2

SWs3NOBCI4* — [(129 B 49Q—Q )xll + (49 +49Q— 15Q )%22] (H29)

32

The difference between (H28) and (H29) gives a measure of the change in social

welfare from applying bundling at setting 3:

SWS3Bn1>k . SWS3N0BC14* -

_ (20-30) [(146+30) 11 +9 (20 +50) 12 =16 (20 +30) x| _ py30

288

1 _ _
—_ ﬁ(20 —30) (16(26 +30)dy /o + (146 +30)d, 1 /2,)

The expression in (H30) is strictly negative for any 6@ that satisfies the condition of

setting 3 in (18).
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Producer surplus in each subgame equilibrium is given by the sum of the corresponding

profits made by the firms in the two sub-markets:

R ¥ o 12 12 22
PSSBe = Ry P Ry P =59 dijpt 50 dijp=756 (di1/22 +dazp0) (H31)

PSS3N0BCI4* — R}S‘/[3N0Bcl4* _}_RISSNOBCV‘-* _l_RféNoBcM* _

(26 — 6)%dy1 /2

16
N (H32)
(260 —30)%d ) /2 _

16

_ 1 _ _
= (0—0)0d20— 12 (492— 1666 + 11Q2> dy1 /0 +

+

— | )
=(0—0)0dy )0+ T (49 —Q2> di12
The difference between the expressions in (H31) and (H32) gives a measure of the change
in the producer surplus due to bundling at setting 3:

1 — _ _
psS3Bnlx _ pgS3NoBeld« —m(ze —30) (16(36 — 0)day 9+ (26 +30)dy; 20) (H33)

which is strictly negative when 0 satisfies the condition of setting 3 in (18).
Finally, subtracting the right-hand side of (H33) from the right-hand side

of (H30) yields the following measure of the effect of bundling on the consumer surplus:

1

CSS3Bn1* _ CSs3N0BCI4* — _
288

(260 —30) (16(46 —30)dx o+ (106 —30)d,2,) (H34)

The expression in (H34) is strictly negative for any 6 which satisfies the condition of
setting 3 in (18).

The expressions in (H30), (H33) and (H34) imply that bundling at setting 3 leads to
reduction in both producer and consumer surpluses and thus has strictly negative social

welfare effect. This result completes the proof of proposition 7.
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