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CHAPTER 1

INTRODUCTION

This thesis consists of three independent chapters. However, each chapter, one way or
another, examines the strategic incentives of market players under constrained situations
that generate economic externalities. The second chapter considers a model of competition
in which economic activity takes place through networks of bilateral interactions. The third
chapter focuses on managerial incentives of a monopolistic retailer to maximize its profits in
a market characterized by demand uncertainty. Finally, the last chapter focuses on incentive

tradeoff between demand uncertainty and price discrimination for oligopolistic firms.
Chapter II: Bargaining in a Network with Heterogeneous Buyers

This chapter examines the effects of exogenously given network structure, which repre-
sents potential traders in an economy, on market outcomes and identifies the conditions that
determine bargaining power of potential traders in a network with homogeneous sellers and
heterogenous buyers. The first focus of this chapter is the network structures that allow per-
fectly competitive market interactions. In particular, we consider a benchmark solution that
represents the competitive equilibrium outcome in networks context and characterize the
network structures that support this competitive market outcome. We find, as opposed to
earlier literature, that similar network structures may lead to different equilibrium outcomes.
In our setting, not only positions of the agents in a network are crucial for the equilibrium
outcome, so are the names (valuations) of the agents who capture those positions. Another
focus of this chapter is the efficiency aspect the competitive markets in which there are
communication restrictions between buyers and sellers. We provide a class of networks that
ensures the efficient allocation of goods and show that any member of this class supports

the competitive equilibrium outcome.



Chapter III: Retail Assortment Planning Under Category Captainship

Retail assortment planning can have a tremendous impact on the retailer’s bottom line
performance. Recently, retailers have started to rely on their leading manufacturers for
recommendations regarding the assortment to be offered to the consumers in a particular
category, a trend often referred to as category captainship.

While retailers focus on many product categories, manufacturers usually focus on fewer
categories and have superior understanding of the consumer trends in these particular cate-
gories. Thus, category captainship carries potential benefits for both the category captains
and the retailers, mainly due to the elimination of information asymmetry. Category captains
might be given access to crucial information such as sales data and pricing. This information
allows captains to understand retail business better than their non-captain competitors. The
category captains can leverage these insights to improve their own product marketing. On
the other hand, captains often promise the retailers to grow retail categories and provide
consumer insights which are not readily available to the retailers.

This chapter investigates the consequences of using category captains for assortment
selection decisions. We develop a screening model where multiple manufacturers sell their
products to consumers through a single retailer. We compare the models where the retailer
selects the assortment in the category with a model where the retailer relies on a category
captain for assortment decisions in return of a target contract. We show that while category
captainship can provide significant benefits to the retailer and the category captain, it does

not always benefit the non-captain manufacturers.

Chapter IV: Price Discrimination in Quantity Competition

This chapter focuses on the incentive tradeoff between demand uncertainty and price dis-
crimination. Markets that contain demand uncertainty and possibility of price discrimination
create an incentive conflict for the firms operating in those markets. On one hand, firms

that face uncertainty choose sub-optimal strategies, which results in profit losses, in order



to smooth their strategies across different market outcomes. On the other hand, firms that
face different variety of consumers tend to discriminate consumers by offering different prices
in the hope of capturing higher surplus. Motivated by this tradeoff, the goal of the chapter
is to better understand the consequences of exogenously enforced price discrimination. In
particular, we consider a linear demand duopoly model in which two firms engage in quantity
competition over two varieties of a product. The results of this chapter extends the standard
Cournot and Stackelberg competition literatures by characterizing the equilibrium outcomes
in the presence of multiple varieties. Moreover, our results provide intuition on whether the
firms that engage in quantity competition choose to practice price discrimination or not. We
show that a firm chooses not to practice price discrimination if the firm is the leader in the
market and there is asymmetric price effect between varieties. In addition, we determine a

crucial component for the price differences between the varieties in the equilibrium.



CHAPTER 11

BARGAINING IN A NETWORK WITH HETEROGENEOUS BUYERS

Introduction

In many markets, much of the communication that is important for the economic activity
take place through networks of bilateral interactions. While the nature of this interaction
is negligible in large and competitive economies, it becomes a central determinant of the
economic activity in highly non-competitive economic environments. This paper focuses on
two-sided markets organized through a network that represents communication limitations
on the potential traders.

Communication restrictions may take different forms such as social contacts, transporta-
tion costs, free trade agreements, technological compatibility, etc. Numerous examples in
social and economic contexts have been provided to support the importance of networks.!
Consider the U.S. housing market for example. In this market, not all buyers and sellers
have access to the agents on the other side of the market. A network of housing market may
represent the feasible houses for buyers and potential buyers for sellers. So, housing market
is two sided and surrounded by communication restrictions between buyers and sellers.

In an economic environment with restricted communication, it is not surprising that the
lack of ability to engage in trade may harm an agent. However, having relatively more
connections alone may not guarantee a better outcome either. Networks can generate power
differences among agents since they can create asymmetric positions in a market. A house
seller, who negotiates with two buyers, will probably receive a higher bid when his house

is the only one around compared to the situation when at least one of the buyers has an

1See Jackson (2008), Dutta and Jackson (2003), Jackson and Wolinsky (1996), and Jackson and Watts (1998)
for surveys of related literature.



interest to another house. It is not immediately obvious what it means to be well-connected
in a market with interdependent relations between buyers and sellers.

This paper examines the effects of exogenously given network structure on market out-
comes and identifies the conditions that determine bargaining power of potential traders in a
network with homogeneous sellers and heterogenous buyers. The setting is as follows. Each
seller owns an identical indivisible good, which is worthless to him, and buyers value the good
differently. Bargaining occurs simultaneously and in an alternating order. The network gen-
erates a potentially infinite horizon discrete time bargaining game. In each period, agents
on the one side of the market simultaneously post prices that they are willing to accept, and
then agents on the other side simultaneously announce their reservation prices. A buyer can
buy a good from a seller, who is connected with the buyer in GG, only if the buyer announces
a price higher than the seller’s posted price. If there are multiple feasible trade patterns,
then a surplus maximizing mechanism determines the effective trade pattern. After some
pairs trade at the posted prices, they leave the market, while the rest keep bargaining with
alternating orders. The game is played repeatedly among the players who did not trade in
previous periods until the market clears. Each agent has a common discount factor.

In a similar setting, Corominas-Bosch (2004) identifies strong, weak, and even agents in
markets with homogenous buyers and sellers. She shows the conditions that are necessary
and sufficient for a network structure to be complete enough so that the competitive market
outcome still prevails. Our first main result carries this line of research to a step further
and characterize the network structures that support competitive market outcomes in the
presence of heterogeneous buyers. To do so, we first characterize the subgame perfect Nash
equilibrium outcomes of small markets, i.e., the networks with at most two sellers and two
buyers. We find, as opposed to Corominas-Bosch (2004), that similar network structures
may lead to different equilibrium outcomes, especially in the presence of the even agents.
In our setting, not only positions of the agents in a network are crucial for the equilibrium

outcome, so are the names (valuations) of the agents who capture those positions. Later,



we extend the small market exercises to more general network structures and characterize
networks that support the competitive equilibrium.

Another focus of this paper is the efficiency aspect the competitive markets in which
there are communication restrictions between buyers and sellers. While the two-sided net-
work models with homogeneous buyers and sellers provide intuition regarding the meaning
of being well-connected, they are silent on allocative efficiency. That is because, when buyers
and sellers are homogeneous the question of who participates in trade becomes irrelevant.
Homogeneity throws a veil over the efficiency properties of the buyer-seller networks. How-
ever, the question becomes relevant and important in the presence of heterogeneous agents.
We provide a class of networks that ensures the efficient allocation of goods and show that
any member of this class supports the competitive equilibrium outcome.

The literature on bargaining in markets is extensive. Stahl (1972), Rubinstein (1982),
and Binmore (1987) introduce the fundamental models of two-player non-cooperative negoti-
ations. Rubinstein and Wolinsky (1985, 1990), Gale (1987), and Binmore and Herrero (1988)
consider homogeneous markets without communication restrictions, in order to identify the
effects of various decentralized bargaining procedures on the competitive equilibrium price.
The highlight of this line of research is that the equilibrium price is affected by informa-
tion asymmetry, nature of market barriers, matching technology, and patience of the agents.
Our analysis diverge from this literature by imposing restrictions on possible bilateral trades
and relaxing the assumption that buyers are homogeneous. Kranton and Minehart (2001)
focus on the efficient implementation of networks via centralized auction mechanism in a
non-strategic sellers environment. Finally more recently, Polanski (2007), Manea (2008),
and Abreu and Manea (2009) provide intuition on bargaining power of homogeneous agents
in any market (not necessarily two sided) with communication restrictions. We restrict our

attention to only two sided markets while relaxing the homogeneity assumption.?

2In addition, the models in this line of literature focus mainly on the market outcome in the limit and more
appropriate for large markets. Our focus is more inline with the markets with smaller scale, e.g., housing
market.



The results in this paper exploit connections to the structure of matchings in networks,
including decomposition theorems for networks with perfect matchings, and general market
properties like competitiveness and efficiency. The next section develops the model, while
introducing the notation and the preliminary mathematical tools. We then consider thin
markets with at most two sellers and two buyers to identify the intuition behind the general
results. Then, we analyze the properties of the networks that generate an environment that
is free enough for achieving competitive and efficient allocations. And finally in the last

section, we discuss the implications of the model and conclude the paper.
The Model

Consider a market with [S| sellers S = {s1, 2, ..., 55/} and | B| buyers B = {by, bs, ..., b }.>
Each seller owns an identical indivisible good which is worthless for him. FEach buyer wants
to buy exactly one good. Sellers are homogeneous but buyers have different valuations for
the good.? Let v; € [v,v] denote the valuation of buyer b;, where v and ¥ are the lowest and
highest valuations, respectively, in the market.

There are communication restrictions in the market. The potential trade partners in
the market are represented by a bipartite graph. A non-directed bipartite graph, denoted as
G = (5, B, L), consists of a set of nodes formed by sellers in S and buyers in B, and a set
of links L.5 Each link joins a seller with a buyer and can be represented as a subset of the
cartesian product of S and B, that is L C S x B. An element of L, say a link from seller
s; to buyer b;, is denoted as 5.° In market terms, a link is a representation of possibility of
trade. Thus, lack of a link between two agents is a restriction over their ability to exchange

goods. We define a network of buyers and sellers as (G, v), where G is the underlying graph

3For any finite set X, | X| represents the number of elements in X.

4Although we require different valuations, our results still apply if we include the possibility of having same
valuation for some buyers. For simplicity, we drop such cases.

®We say that a node v belongs to a graph G = (S, B, L) if v € SUB. A node s is adjacent or linked to another
node b if there is a link joining the two.

SFor the sake of notational consistency, we always write the seller first for any link. For instance, the link zy
means that the seller x is connected to the buyer y.



of the market and v = (v, vy, ...,v)p|) is the profile of buyers’ valuation.”

A path in a graph is a sequence of nodes such that from each of its nodes there is a link
to the next node in the sequence. A bipartite graph G is connected if there exists a path
linking any two nodes of the graph. We only consider the networks in which the underlying
graph of the network is connected. If the graph is disconnected, we can apply all of our
results to each disconnected component of the graph separately.

In our setting, trade can occur between a seller and a buyer only if they are linked with
each other in a network. Thus, it is useful to introduce the following concepts. The set of
buyers who are linked with s in G = (S, B, L) is denoted by Ng(s) ={b € B | sb e L}. We
denote the set of buyers who are collectively linked with the subset of sellers 8" C S in G as
Ng(S") = U;eq Na(si). Similarly, Ng(b) stands for the neighbors of buyer b, and Ng(B') is
the set of sellers who are collectively linked to the subset of buyers B C B in G. A subgraph
G' = (5,B,L') of G = (S,B, L) is a graph such that S’ C S, B’ C B, and the restriction
of L over S U B’ denoted as L' = L|siyp:-

Bargaining occurs in an alternating order. In the first period, each seller simultaneously
proposes the lowest price he is willing to accept for the good. After observing all the prices
posted by the sellers, each buyer simultaneously announces the highest price she is willing to
pay. A buyer can buy a good from a seller she is connected with in G only if she announces a
price higher than the seller’s posted price. If there are multiple feasible trade patterns, then
a surplus maximizing mechanism, which is defined in detail below, determines the effective
trade pattern. After a buyer and a seller trade, they leave the game. In the second period,
the remaining agents continue to bargain while preserving their positions in G, but this time
buyers announce their prices first.

In period ¢, the network is represented by Gy = (S;, By, Ly) (with G; = G). If t is odd,
then sellers post their prices first, but if ¢ is even, buyers announce first. Let pgi and pii denote

the prices proposed at period t by seller s; and buyer b;, respectively. Given the actions of the

" Although they are slightly different concepts, throughout the paper, we use the terms “network” and “graph”
interchangeably.



agents, we represent the set of agents who can be a part of the effective trade pattern in period
t by subgraph G, = (S;, By, Ly). A seller s; is in S, if and only if {b € Ng,(s;) | p, > pt.} # 0.
Similarly, a buyer b; is in By if and only if {s € Ng, (b;) | Py, > D} # 0.

The set of possible trade patterns in period t is determined by the set of possible match-
ings in G, = (S’t, Bt, Zt). A matching in a network is a subset of links such that each agent
in the network is connected to at most one link. A maximum matching is a matching that
contains the largest possible number of links. The mechanism that chooses the effective
trade pattern from the set of all feasible trade patterns uses a maximum matching in G;. If
there is more than one maximum matching in Gy, then the mechanism selects a matching
with the highest total surplus, which is the summation of the valuations of the buyers in the
selected matching. If there is more than one surplus maximizing matching, the mechanism
picks one of them randomly. Notice that this procedure is well-defined because the set of all
matchings at any time period is finite.

After a buyer and a seller trade, they leave the game. The remaining agents continue to
bargain while preserving their positions in network. The game continues in this fashion until
either all players trade or have no remaining connections. Each player discounts the future
with the common factor §. If a buyer b; and a seller trade at price p at period t, the seller
receives a utility of §'p and the buyer b; receives §' (v; — p). We are interested in subgame

perfect Nash equilibrium payoffs of this game.
Results for Small Markets

There are two types of heterogeneity in our model. The first type is driven by the network
structure and the second one is by the differences in the valuations of the buyers. Bargaining
power of an agent depends on possibly conflicting effects of these two forces. To simplify the
exposition, throughout the rest of the paper we refer the advantage created by the former
type of heterogeneity as positional power and that created by the latter as valuational power.

Notice that any agent can have positional power depending on the network structure but



only some of the buyers can enjoy valuational power. This implies that there is room for
cases in which sellers with strong positional powers face with buyers with strong valuational
powers. Next, we consider small markets where there are at most two sellers and two buyers.
The results in this section are also the first step of the results in the general setting. All

proofs are in the appendix.

Case |S| =1, |B| =1

If G consists of only one connected pair, then agents engage in the alternating offers

bargaining game of Rubinstein (1982), in which the unique equilibrium payoffs are 1_41r<svi for
the seller and %vi for the buyer. As the agents become perfectly patient (that is, § — 1)

they equally share the surplus.

Case |S| =2, |B|=1

In a market with one side is shorter than the other one, the agents in the short side
have strong positions when both buyers and sellers are homogenous. However, due to the
possibility of buyers with high valuational power, the name of the short side matters when
there is heterogeneity among buyers. If the buyer side is short, buyers collect all the economic
surplus because of the competition among sellers (if all sellers are competing). In particular,
when there are two sellers and one buyer the unique equilibrium price is zero and the buyer
gets her valuation as the equilibrium payoff. The situation in such a case is similar to the
Bertrand competition where two homogenous firms undercut each other to capture all the
demand. The following result is due to Corominas-Bosch (2004).
Proposition 1 When there are two sellers and one buyer in the market, there is a unique

subgame perfect Nash equilibrium in which the good is sold at the price of zero.®

Case |S| =1, |B| =2
When the seller side is short, there are two conflicting forces in the negotiation process.
While the strong positional power of sellers pressure the prices upwards, buyers with high

valuational powers can pressure the prices downwards since they can create more surplus.

8Throughout the paper, by uniqueness, we refer to the uniqueness in terms of payoffs not strategies.

10



As a result, sellers cannot collect all the surplus as the buyers did when the buyer side is
short. Binmore (1985) is the first to characterize the equilibria of such a one seller two
buyers bargaining game. The following proposition, see Osborne and Rubinstein (1990),

summarizes the equilibria in this case.

Proposition 2 When there is one seller and two buyers in the market,

(i) If v > %6, then the game has a subgame perfect Nash equilibrium, and in all
the equilibria the good is sold (to high valuation buyer) at the price of dv + (1 — §)v.

(i) If v < %E, then the game has a unique subgame perfect Nash equilibrium in

which the good is sold (to high valuation buyer) at the price of 1—}%@.

Proposition 2 has to consider two cases because of the possibility of having a rival buyer
whose valuation is so small that the players ignore the existence of such an option. The
second part can be thought as if the seller has an outside option which is negligible. In
such cases, the outside option does not affect the bargaining outcome. Thus, it is reasonable
and costless to ignore such cases. We carry the following assumption throughout the rest of
the paper: v > 1%6. Intuitively, this assumption ensures that there is rivalry among the

neighbors of any given seller. In Proposition 2 terms, we ignore the case described in part

(ii) and focus on the type of equilibria similar to the one in part ().

Case |S| =2, |B| =2

There are three possible connected networks. First, consider the complete network in
which both sellers (b; and bs) are connected to both buyers (s; and s3). In the complete
network, all the agents on one side of the market have symmetric network positions. Thus,
no agent has a positional power. However, the existence of a buyer with valuational power,
say by, destroys the possibility of an equilibrium in which one good is traded at a higher
price. The competition among the sellers brings b;’s price down to the sellers’ outside option:

to bargain with by and collect 1—J1r6112. Indeed, Chatterjee and Dutta (1998) consider such a

bargaining situation and show that both sellers proposing ﬁvg is the unique equilibrium.”

9Chatterjee and Dutta (1998) use a random matching mechanism for tie breaking in their bargaining game.

11



S1 52

by by

Figure 1: An asymmetric market with a powerful seller.

Proposition 3 There exists a unique subgame perfect Nash equilibrium in the market rep-
resented by the complete network with two buyers and two sellers. In this equilibrium, by

trades with s, and by trades with sy at the price of ﬁvg.

The two other possible connected networks when |S| = 2, |B| = 2 can be constructed
by removing a link from the complete graph. In Corominas-Bosch (2004) setting these two
networks generate the same equilibrium outcome. However, we show that in the presence of
heterogenous buyers these two markets are fundamentally different.

Figure 1 represents the case where the buyer with low valuation, by, has a favorable
network position. In this case, b; has valuational but not positional power and by has
positional but not valuational power. Because b; has only one link, the negotiation between
by and his neighbor s; is similar to the Rubinstein bargaining game. As his outside option,
the most that s; can get by negotiating with b, is 1—J1r§1)2, which is less than what he can get by

negotiating with b;. Thus, s; prefers to ignore his link with b,. In a sense, s; and b, engage

in a Rubinstein bargaining game in which outside options are zero. In the equilibrium, s;

1

V1 and by receives —2-v;. Similarly, sy and by share the total surplus they create

collects 43

. 1 5 .
and receive 1502 and 77509, respectively.

However, their result still applies the game setting here. Only, the strategies that are off the equilibrium
path need to be adjusted.

12



S1 52

by by

Figure 2: An asymmetric market with a powerful buyer.

Proposition 4 There exists a unique subgame perfect Nash equilibrium in the market rep-
resented by the network G in Figure 1. In this equilibrium, by trades with s, at the price of
1

0 and by trades with sy at the price of 1%52)2.

Figure 2 represents the case where the buyer with high valuation also has a favorable
network position. In particular, b; has both a strong position in the network and bargaining
power due to the heterogeneity of buyers’ valuations. Both of the sellers prefer to negotiate
with b; simply because stakes are higher. Although b; benefits from the competition among
sellers, she cannot capture all the surplus since sy competes only up his outside option. In
the equilibrium, the competition brings the prices at which trades occur down to the second

3 : : 1
seller’s outside option 1 5vs.

Proposition 5 There exists a unique subgame perfect Nash equilibrium in the market rep-

resented by the network G in Figure 1. In this equilibrium, by trades with s, and by trades

with so at the price of 1%5@2.

Proposition 4 and 5 reveal the difference between seemingly similar two networks. These
results suggest that if the buyers who have high reservation values are also the ones who have
more connections, then the market outcome is similar to the one in the complete network.
On the other hand, if the buyers who have low valuations are the ones who have more
connections, then the market dynamics happen as if the market is segmented. In the next

section, we carry our analysis into more general networks.
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Analysis

A competitive market is essentially free from any possible rigidities including communi-
cation restrictions. The restrictions over communication structure of the society plays an
important role for divergence from the competitive market outcome. For instance, in the
small market example with two buyers and two sellers, we showed that the existence of
competition among sellers for the high valued buyer is crucial for the market price. It turns
out that the results for small markets are representative for the dynamics in any two sided

market.

The Competitive Solution

In order to use the competitive equilibrium outcome as a benchmark, we first define the
competitive solution in our context. Consider a market which consists of a set S of sellers,
each one endowed with a unit of an identical indivisible good, and a set B of buyers, who
values the good differently. If a seller trades with a buyer at price p, the seller gets utility p
and the buyer gets v — p, where v is the valuation of the buyer for the good. The competitive
equilibrium in such a market has the following characteristics: (i) if there are more sellers
than buyers, the equilibrium price is zero and buyers get all the surplus, (%i) if there are
more buyers than sellers, any price between the (|S|+ 1)th and (|.S])th highest valuations of
| B| buyers is an equilibrium price, and (%) if the number of sellers is equal to the number of
buyers, any price between zero and the minimum valuation of the buyers, v, can be supported
as the competitive price.

We select the reference solution that represents the competitive equilibrium of a market

with heterogeneous buyers as follows.

o If |S| > |B|, the reference solution is the competitive solution: the equilibrium price is

zero and all the surplus goes to buyers.

o If |S| < |B|, the reference solution is a selection of the competitive solution: the

14
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Figure 3: A network that does not support the reference solution.

equilibrium price is equal to the (|S]|+ 1)th highest valuation of |B| buyers, say v*. All

sellers receive the payoff v* and buyer ¢ receives v; — v*.

o If |S| = |B|, the reference solution is a selection of the competitive solution: the

equilibrium price is equal p = —=v. All sellers receive the payoff =5v and buyer i

1+5

receives v; — %My.

This selection of the reference solution is consistent with the one in Corominas-Bosch (2004)
model. That is, if we assume that the buyers have homogeneous valuations the reference
solution described above coincides with the reference solution described in Corominas-Bosch
(2004). In addition, if we assume the market is consist of only one buyer and one seller, then
we get the Rubinstein (1982) bargaining solution.

Not every communication structure allows a market to be competitive enough to achieve
the reference solution. For example, consider the market consisting two buyers (b; and
by with valuations v; and vy, respectively) and three sellers (s1,s2, and s3), represented in
Figure 3. There is a competition among the sellers due to the scarcity of buyers around
and therefore the reference solution would give all the surplus to the buyers. That is, all
buyers receive their valuations and all sellers get zero in the reference solution. However, s3
receives a positive payoff in the equilibrium of the bargaining game described in section 3.

To see why, observe first that both s; and sy will get a payoff of zero since they compete

15



with each other to trade with b;. If one of them gets a positive price the other would be able
to undercut the accepted price. In such a case, s3 is simply going to ignore his link with b,
and bargain only with by. They will end up agreeing for price ﬁ’l}g in equilibrium.

The natural question to ask is then: what type of network structures support the reference

solution? The next section seeks for an answer to this question.

Competitive Networks

Corominas-Bosch (2004) provides a decomposition algorithm, based on the well-known graph
theory algorithm provided by Gallai and Edmonds, to characterize the networks that support
the reference solution.'® The results in this section heavily depend on this bipartite graph
decomposition algorithm. Thus, first we describe the types of subgraphs that are identified
by the Corominas-Bosch decomposition algorithm (henceforth, CB-algorithm) and briefly
summarize the algorithm itself.

First, we need new definitions that are useful to describe networks. Let G be the under-
lying bipartite graph of a market and X be a subset of agents on one side of the market, that
is X € Sor X C B. Aset of nodes X is non-deficient in G if and only if |[Ng(X')| > | X'| for
all X' C X. Similarly, a set of nodes X is strictly non-deficient in G if |[Ng(X")| > |X'| for
all X’ C X. Intuitively, non-deficiency requires that every subset of agents on one side of the
market has enough neighbors to trade. The marriage theorem shows that non-deficiency is

both necessary and sufficient for the existence of a matching saturating a given set of nodes.

Theorem 1 (The marriage theorem, Hall 1935)' There exists a matching in G that satu-

rates all the nodes in X if and only if X is non-deficient in G.

The non-deficiency requirement may not be very plausible when there are more nodes on
one side than the other. For such graphs, we relax the requirement only to the subsets of

the nodes in the long side that has at most as many nodes as in the short side. Formally,

10See Lévasz and Plummer (1986) for more details on the Gallai-Edmonds decomposition of graphs.
1 Also known as the Hall’s theorem. Not to be confused with the results shown by Gale and Shapley, which
game theorists also refer to as “the marriage theorem”, but which are not directly related.
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in a graph G = (S, B, L) with one side is longer, say |S| > |B], the set of nodes S is almost
non-deficient in G if for any subset S; C S of size |S;| < |B| we have that |[N(S1)| > [S1].
Almost non-deficiency mainly targets the networks in which one side of the market is longer.
Basically, it requires non-deficiency whenever it is possible. The three types of graphs that

are related to our analysis are defined as follows.

Definition 1 A bipartite graph G = (S, B, L) is:
e of type G° if |S| > |B| and S is almost non-deficient.
e of type GB if |S| < |B| and B is almost non-deficient.

o of type G if |S| = |B| and there exists a perfect matching.

It is easy to see that not every graph is one of the types described above. Figure 3 is an
example of a graph which is not one of these types. Nevertheless, Corominas-Bosch (2004)
showed that any bipartite graph can be decomposed into a union of subgraphs of types above
and some extra links. Such a decomposition can be acquired by the CB-algorithm, which is
summarized as follows. First, the algorithm checks all possible subgraphs for the existence
of G* type subgraphs in an ascending order of size and separates them from the graph
iteratively until no more G*° type subgraphs can be found. Later, the algorithm repeats the
same process in order to remove the G type subgraphs. Finally, the remaining disconnected
subgraphs are necessarily G¥ type.'?

When buyers are homogenous in a market with communication restrictions, the network
structure is the only source of heterogeneity. In such markets, similar network structures
generate similar outcomes since names (valuations) of the buyers who capture the critical
positions in the network do not matter. However, differences in buyers’ valuations can
destroy such an irrelevance and affect equilibrium outcomes significantly. We have already
seen an example of two symmetric networks generating different equilibrium outcomes in

Figure 1 and Figure 2.

12A very detailed description of the algorithm can be found in the appendix of Corominas-Bosch (2004).
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In order to differentiate between similar network structures, we extend the CB-algorithm
by decomposing GP and G¥ type subgraphs further into smaller subgraphs. To describe
how these extensions works, we need new terminology and definitions. Let N/ (v) be the
neighbors of v € S U B who have more than one connection in network G, that is NJ (v) =
{w € Ng(v) : [Ng(w)| > 1}. In a GF type subgraph, we say that a buyer is moderate if she
is connected to one seller only or she has the lowest valuation among all her competitors.

Formally, we define a buyer b; of a GF type subgraph as moderate if |[Ng(b;)| = 1 or
|Ng(bi)| > 1 and v; = min{v; | b; € C(b;)}

where Cg(b;) = ) ) Na(sj). The set of moderate buyers in a G¥ type subgraph is

s;ENG (b
always non-empty since, in any graph of G¥ type, the buyer with the lowest valuation is by
definition a moderate buyer.

Decomposition of the set of G¥ type subgraphs further into smaller subgraphs is as
follows. First, find all moderate buyers and remove all links between the following agents:
(i) sellers who are connected to the moderate buyer with the highest valuation and (ii)
buyers who have valuations lower than the highest valued moderate buyer. Then, remove
links between sellers who are connected to the moderate buyer with the second highest
valuation and buyers who have valuations lower than the second highest valued moderate
buyer. Continue removing links in this fashion.!® At the end of this process, we may end
up having more than one component. Label all the components with GE where k is the
subindex of the buyer with the lowest valuation in that component. Thus, the buyer with
lowest valuation in GkE is b and her valuation is v;. Notice that at the end of this process the
buyer with the lowest valuation in G¥ has to be a moderate buyer. The number of moderate
buyers determines the number of components. Intuitively, we remove all the redundant links
from sellers’ perspectives since being connected to a moderate buyer limits the minimum
earning of a seller. Sellers who are connected to moderate buyers will never consider trading

with buyers with lower valuations, which implies that the interaction in the market is local

13This process is well defined since there are only finite number of moderate buyers.
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Figure 4: A GP type subgraph in which the non-uniqueness of the CB-algorithm matters.

even though the market is globally connected.

Moderate buyers have disadvantageous bargaining positions relative to their rivals. How-
ever, they can still obtain goods at the end of the bargaining process. In subgraphs of G%
type, even though all buyers have weak positions in the network, some buyers are in worse
bargaining situation than the others because of their poor valuational power. Such buyers
cannot obtain goods due to the scarcity of the available goods. We need to differentiate such
buyers from moderate buyers. We define a buyer b; as soft buyer in a G? type subgraph
G’ if v}, > v; where v}, is the (]S’| 4+ 1)th highest valuation of the buyers in G'. The main
difference between soft and moderate buyers is that while moderate buyers are able to engage
in trade, soft buyers cannot procure goods. In subgraphs of G° type there are no moderate
or soft buyers since all buyers have strong positional advantages. We denote buyers who are
neither moderate nor soft as hard buyers.

The CB-algorithm does not necessarily provide a unique decomposition in terms of net-
work structure. However, the decomposition is unique up to the following degree: if an
agent belongs to a subgraph of a certain type for a decomposition, then she belongs to the
same type of subgraph for every decomposition.!* This degree of uniqueness is not sufficient

when the buyers have different valuations since the CB-algorithm does not take valuations

14This property is due to the uniqueness of a more general decomposition result in matching theory known as
the Gallai-Edmonds decomposition. Please see Lévasz and Plummer (1986) for details.
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into account. Figure 4 provides an example in which the location of high valuation buyer
matters. In the figure, suppose that the valuations of buyers follows a descending order, that
is v1 > ... > v5. Because the valuations of the buyers are different, the price b; has to pay
changes depending on the subgraph which algorithm puts her in. While b; pays a price of
vo when she is a part of G, she only pays v, in GZ. Moreover, because b; engages in trade
no matter which subgraph she ends in, the set of buyers who procure goods is affected by
the structure of decomposition. In particular, this set is {b1,bs} when b; is in G, but it is
{b1,by} when b, is in G&.

In order to avoid such cases, we further modify the CB-algorithm in the step where the
algorithm identifies G types of subgraphs as follows. Among all possible decompositions
of G® type subgraphs obtained as a result of applying the CB-algorithm on G, we pick the
decomposition which induces the maximum matching with the highest total surplus.'® If
there is more than one such decomposition, then we pick one of them randomly.

We start our analysis with the existence of a particular subgame perfect Nash equilibrium
of the game for a general network. In this equilibrium, agents have similar incentives as they
had in small markets discussion. While buyers with strong network positions can exploit
their advantages fully, sellers with strong network positions can only extract partially since,
in such situations, the positional power of sellers clashes with the valuational power of high

valuation buyers.

Proposition 6 There exists a subgame perfect Nash equilibrium in the market represented

by G = (S, B, L) such that

0, if G' is a G° type subgraph;

— A seller s; in subgraph G’ gets a payoff of Vs if G' is a GP type subgraph;

1

sk G s a GE type subgraph;

15We look at the maximum matching with the highest total surplus after we apply the CB-algorithm.
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Vi, if G' is a G° type subgraph;
~ A buyer b; in subgraph G gets a payoff of § v; — v, if G is a G®B type subgraph;
v; — ﬁvk, if G'is a GE type subgraph;

where v}, is the (|S'| + 1)th highest valuation of the buyers in G'.

The proof of Proposition 6 is by induction on the number of agents on both sides of the
market. The small markets results provide that the proposition is true for markets in which
there are at most two sellers and two buyers, which is also the first step of the proof. Later,
we assume that the proposition holds for markets that have at most n — 1 sellers and n — 1
buyers and show that the proposition also holds for the markets that have at most n sellers
and n buyers.

Essentially two forces play role in determining equilibrium outcome: critical network
positions (positional power) and bargaining power due to the existence of heterogeneous
buyers (valuational power). When there are more sellers than buyers in the market, these
two forces work in the same direction and, therefore, buyers capture all the surplus. However,
when there are more buyers than sellers in the market, positional power of sellers clashes with
valuational power of some buyers. In such markets, hard buyers behave as if they all have the
same valuation, which is the highest valuation of the soft buyers they are competing with.
Thus, sellers capture some but not all of the surplus. If there are equal number of buyers
and sellers in the market, the intuition is still true and sellers collect surplus depending on
the moderate buyers they are connected to.

We know by Corominas-Bosch (2004) that when consumers are homogeneous a necessary
and sufficient condition for a network to support the reference solution is that all separated
small markets in the economy are of the same type. However, networks in Figure 1 and
Figure 2 suggest that the intuition behind that result is no longer valid when buyers are
allowed to have different valuations. Heterogeneity of buyers hinders competition in some
economies which are unions of similar small markets. A network structure needs to have

more properties than uniform decomposability. The next theorem shows that the intuition
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still prevails in the presence of heterogenous buyers but with additional conditions in which

soft and moderate buyers play key roles.

Theorem 2 Let (G,v) be a network which represents a two sided market. Then, G =
(S, B, L) supports the reference solution if and only if

(i) G decomposes into subgraphs of a unique type,

(i) (if applicable) the only moderate buyer is the buyer with the lowest valuation,

(iii) (if applicable) a buyer b; is a soft buyer if and only if v* > v;,

where v* is (|S| 4+ 1)th highest valuation of |B| buyers in the economy.

Theorem 2 exploits the competition among agents. This intuition is clear especially
when one side of the market is longer than the other one. The agents in the long side
undercut each others’ prices as much as they can in order to be a part of possible trades.
However, when there are equal number of buyers and sellers in the market, the network does
not necessarily create enough competition to support the reference solution. Figure 1 and
Figure 2 demonstrate an example of this insufficiency. In the market represented by Figure
1, both buyers are moderate. Therefore, we can decompose the market into two parts by
removing the link between s; and by. Intuitively, seller s; ignores his connection with by and
negotiates only with b; since stakes are a lot higher. However, in the market represented
by Figure 2, the only moderate buyer is by and she has the lowest valuation. We cannot
decompose this market further into smaller markets since neither by nor s, has incentives to
ignore the link between them. Thus, in order to achieve the competitive outcome, a network

structure has to be supported by a proper distribution of the valuations.

Efficiency

Communication networks give us information about which buyers can trade with which
sellers. In other words, they determine the set of feasible allocation of goods. In our context,
an allocation is simply a matching. Thus, given a network G, the set of all possible matchings

in GG determines the set of feasible allocations in the economy.
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A natural result of the restrictions imposed by a network structure over the market is
that buyers who have the highest reservation prices are not necessarily the ones who procure
goods from sellers. Therefore, restrictions created by a network structure may cause a loss of
economic surplus. We define the economic surplus associated with a matching M as the sum
of the valuations of the buyers that receive a good in M. The focus of this section is on the
efficient allocations, which are defined as the allocations yielding highest surplus in a given
network. We say that a network is efficient if the allocation determined by the equilibrium
of the game is an efficient allocation.

In a similar setting, Kranton and Minehart (2001) consider the effects of communication
restrictions on the efficient allocation of goods via a centralized auction mechanism. Their
model focuses on markets in which abundant buyers compete for goods of scarce sellers.
Because the results in this section are closely related to ones in Kranton and Minehart
(2001), we maintain the same assumption throughout the rest of this section.

Suppose that in a two sided market there are more buyers than sellers. In such a market,
we define a network G as allocatively complete if G is almost non-deficient. We define a
network G as least-link allocatively complete (LAC) if G is almost non-deficient with the
minimum number of links. Intuitively, allocatively complete networks guarantee that any
set of buyers with the size of sellers can obtain as many goods as they need. The LAC
networks achieve this target with the most restrictive communication structure.'¢

Kranton and Minehart (2001) showed that allocatively complete networks are complete
enough to support efficient allocations in the sense that they create the highest possible
economic surplus for any distribution of prices. Our next result demonstrates that alloca-
tively complete networks create economic environments that are not only complete enough

to allocate goods efficiently but also competitive enough to support the reference solution.

Theorem 3 In a market where there are more buyers than sellers, a network G supports

the reference solution if and only if G is allocatively complete.

16Notice that by definition allocatively complete networks are of type GZ.
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A direct implication of Theorem 2 and Theorem 3 leads us the following corollary, which

is descriptive about the structure of the LAC networks.

Corollary 1 A network is least-link allocatively complete if and only if
v* > v; < b; is a soft buyer.

An interpretation of the Theorem 3 is related to the fundamental theorems of welfare. In
particular, Theorem 3 shows that markets that are characterized by allocatively complete
networks function in such a way that efficient allocations are reached by non-cooperative
behavior of the agents. Every efficient allocation of goods in these markets can be supported
as the reference solution of our bargaining game.!”

Allocatively complete networks are efficient for every distribution of valuations. However,
for a given distribution of valuations, there may be efficient networks that are not allocatively
complete. For instance, if we remove one of the links of a buyer in a LAC network, then
the newly established network is not allocatively complete anymore. On the other hand, if
the buyer whose link is removed happens to be a soft buyer in the original network, then
the new network is still efficient since the equilibrium allocation of goods does not change.

Theorem 3 shows us that this type of network does not support the reference solution. Thus,

in highly restrictive markets, there is a divergence between individual and social objectives.

Conclusion

This paper examines the role of communication restrictions on the divergence from com-
petitive market outcome. In our setting, exogenously given networks represents the com-
munication restrictions and the market prices are determined by the interactions between

buyers and sellers.

I"We need to adjust the priorities defined by our tie breaking mechanism in order to support all efficient
allocations. For instance, consider the complete network. The tie breaking mechanism we selected leads to
only one of the efficient allocations. However, by changing the priorities of the sellers in the mechanism we
can support the rest of efficient matchings.
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We first characterize the networks that are complete enough to support a natural selec-
tion of the Walrasian equilibrium when buyers have different reservation prices. While this
characterization confirms the intuitions of previous literature on global markets in which
the entire context matters, it also shows that in the presence of heterogeneous buyers the
network structure has to be supported by appropriate distribution of reservation prices. An
implication of this result is that if the buyers who have high reservation values are also the
ones who have more connections, then the market tend to support the competitive outcome.
On the other hand, if the buyers who have high valuations are likely to ignore most of their
connections then the market is less likely to be competitive.

Our characterization of competitive networks has also implications on bargaining powers
of agents in economies with restricted communication. Not surprisingly, an agent’s bargain-
ing ability depends on the position she is located in the network. While the network position
is a global property of bargaining power that applies anonymously to all agents, it does
not take individual characteristics (such as reservation prices) of agents into account. We
contribute to this line of description of bargaining power by determining the importance of
the reservation prices. In particular, we recognize buyers as hard, moderate, and soft de-
pending on their valuations relative to their competitors. The bargaining ability generated
by individual characteristics is a local property that is effected by both network structure
and valuations of potential rivals.

We also identify that allocatively complete networks provide environments that are both
competitive and efficient. For markets that are not allocatively complete, there is a tradeoff
between individual objective and social objective. In such markets, there are individuals

who have enough power to affect market prices.
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Appendix

For simplicity in the proofs, we refer to the actions of responders in which there is a
possibility of agreement as accept and to the ones in which there is no possibility of agreement

as reject.

Proof of Proposition 4. Notice that strategies must specify the distribution of proposed
prices and the responses of the agents not only when the market is given by the graph G,
but also when the market is given by any subgraph that results from G after a pair trades
and leaves the market. Two possibilities can happen: either one pair trades and two agents
get isolated or one pair trades and the remaining two agents are still connected and can keep
playing. The strategies followed in any of these subgraphs are simple. If agents get isolated,
they automatically get zero and have no actions to choose. If a pair remains in the market,
then the strategies are as in the two players alternating offers bargaining game. Let p;, and
ps; be the offered prices by each agent.
Existence: 1f all agents are still in the initial graph G:
—=v; and sp proposes pg, =

e when its their turn to propose, s; proposes p;, = —=Ua,

1+5 1+5

v1 and by proposes pp, = Vg,

by proposes py, = 115 115
® 59 accepts py, if pp, > 1%61)2, by accepts ps, if ps, < 1%57)1
The strategies followed by s; and b, when responding depend on the priorities they have,
which is determined by the tie breaking matching mechanism.
e About seller sy:
case a) the priority of s; is higher than that of s,
s1 accepts the maximum of the offered prices provided that max;{ps,} > 7 + 5V

case b) the priority of s; is smaller than that of sy

case bl) if p,, < —=v; then s; accepts the maximum of the offered prices provided that

1+6
max;{py, } > 1%1}1

case b2) if p,, > 1i5”17 then s; accepts p,, when p,, < 1i67}1, otherwise (that is, py, >
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1i5v1) he accepts min;{py, }.

e About buyer by:

case a) the priority of by is higher than that of by

by accepts the minimum of the offered prices provided that min;{p,,} < v
case b) the priority of by is smaller than that of b

case bl) if ps, > —=vy, by accepts the minimum of the offered prices provided that

1+5
- 1

min;{ps, } < 15502

——Uy, otherwise (that is,

case b2) if ps, < —=vs, then: by accepts ps;, when p;, >

1+5 1-‘,—(5

Py < 1+6U2) he accepts maz;{ps, }.
If there is only one pair of agents, s; and b;, in the market, then:
® S; Proposes ps, = ﬁvi, b; proposes p,, = l%évi

e s; accepts py, if pp, > —=v;, b; accepts py, if ps, < 1J1r5v7;

i = 1+5
Notice that although the strategies above are described for a more general case, our tie
breaking mechanism gives a higher priority to the buyer with higher valuation. This implies
that, in the equilibrium, by cannot trade with s;.
It can be checked that these strategies form a subgame perfect Nash equilibrium.
Uniqueness (in terms of payoffs): Call M., mg, the supremum and infimum of subgame
perfect Nash equilibrium for sellers in an s-game (respectively, M,,, m,, for buyers in a b-
game), when all four agents are still in the market, that is, when the market is imbedded in

graph GG. We will find inequalities in order to show that My, = mg, = My, = my, = 1—J1FJU1

and My, = mg, = My, = mp, = 1%502 Notice that we already know by existence that
1 1
M81 Z 1+5U1, Mb1 Z 1+5U17 mg, S 1+5U1) my, S 1+5vla Msg Z 1+5/U27 sz Z 1+5U27
ms, < 1+5v2, and my, < m’l]g. We can now show that:
1
> V1 — (5max{ 11 6’01, Mbl} = V1 — 5Mb1~ (1)

If b; rejects an offer from s;, he may get —=v; or 6 M;,. Thus, s; will never offer a price

1+6
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strictly smaller than v; — 0 max{%ravl, M,, } since he is sure to be accepted by buyer b; when

he asks for v; — 6max{1¢+5v1, My, }. On the other hand, we can also show that:

1
My, < vy — dmin{ Tl ms, } = v1 — Om,. (2)

+9

4 or oM, .

By rejecting an offer from by, the minimum amount s; can get is either

Thus, to ensure an acceptance from sy, the minimum b; has to offer is o min{mvl, ms, }. In
other words, the maximum that by can collect is less than or equal to v; —9 min{llﬁvl, M, }-
We can rewrite inequalities (1) and (2) as
(1 —0)ms, + 0(ms, + Mp,) > 1
(1= 0) My, +6(my, + My,) <1

Notice that these two inequalities imply that mg, > M;,,. We also know that M;, >

L v, > m,,. Thus, it must be the case that M, = —v; = m,,.

1+5 1+6

By using similar arguments, we can also show that M,, = —=vy = my, must hold.

1
1+6

Now, consider the maximum payoff s; can collect. The following inequality has to hold

M;, < max{v; — (5m1n{ V1, My, }, Vo — 5m1n{ v2, M, } - (3)

1
+9
To see why, notice that if s; offers a price strictly greater than the amount on the right

hand side of the inequality, neither of the buyers will accept. Thus, the maximum payoff s;

can get is bounded above by this amount. Because m;, < —=v; and my, = 5v2 we have

1+<5 1+6

M, < max{v,—dmy,, l—iévg}. Notice that vy —dmy, > ﬁvg since vy —dmy, > g —51%62;1 =
1%5 > 1+5U2 Thus, M, < vy —0dmy, has to hold. On the other hand, we also have a lower

bound for the minimum amount b; can get.

1
M, 2@1—(5max{1+5v1,]\/[51}. (4)
By offering a price equal to the amount on the right hand side of the inequality b; can
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ensure s; to accept. Notice that this condition holds because of the tie breaking matching

mechanism the game uses. Because M, > —=v; we have my, > v; — dM,,. We can rewrite

1+5

inequalities (3) and (4) as

(1 - (S)mh + 5<mb1 + MSI) > U1
(1 - 5)MS1 + 5(mb1 + MS1) < n

These two inequalities imply that my, > M,,. We also know that M, > —=v1 > my,.

1+6

Thus, it must be the case that M,, = 11

501 = My, Using similar arguments we can also

show that M;, = ﬁvg

5U2 = My, has to hold.

Proof of Proposition 5. As before, let p,, and ps, be the offered prices by each agent.
Existence: 1f all agents are still in the initial graph G:

0
502,

e when its their turn to propose, sellers propose p, = T3

T + Tr5V2 and buyers propose p, =

e s, accepts py, if pp, > 1%51)2, by accepts ps, if ps, < =509,

1+5

e b; accepts the minimum of the offered prices provided that min,{p;,} < ﬁvg.

e The strategy followed by sy when responding depends on the priorities determined by
the tie breaking matching mechanism.

case a) the priority of s, is higher than that of s;

s9 accepts the maximum of the offered prices provided that max;{ps,} > 7 + o5V

case b) the priority of sy is smaller than that of s

if pp, < lfr 52 then sy accepts the maximum of the offered prices provided that maz;{ps, } >

if py, > &Ug, then: sy accepts py, when pp, < %Ug, otherwise he accepts min;{ps, }.

If there is only one pair of agents, s; and b;, in the market, then:

® S; Proposes ps, =

—=V;, b; proposes py, = —=0;,

o
1+5 =~ 1+5

e s; accepts py, if pp, > ==v;, b; accepts py, if p,

1
= 1+6 < Tl

It can be checked that these strategies form a subgame perfect Nash equilibrium.
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Uniqueness (in terms of payoffs): Call M;,, mg, the supremum and infimum of subgame
perfect Nash equilibrium for sellers in a s-game (respectively, M, , my, for buyers in a b-game),
when all four agents are still in the market, that is, when the market is imbedded in graph
G. We will find inequalities in order to show that My, = m,, = M, = mg, = My, = my, =

—=v9. Notice that these equalities also implies that M, = my, = v; — —5v2. By existence,

1+5 1+5
we already know that M, > 1+5vg, My, > vy — 1+51)2, ms, < 1+61)2, my, < vp — 1+5vg,
Mg, > 1%1}2, M, > 1+5U2, Mg, < 1+5U2’ and my, < 1—+51)2. We can now show that:
1
Mg, > Vg — 0 max{ +502,Mb2} = vy — OM,,. (5)

If by rejects an offer from s9, he may get —=wvy or 6 M,,. Thus, so will never offer a price

1+6
strictly smaller than vy — ¢ max{ﬁévg, M,, } since he is sure to be accepted by buyer by when
he asks for vy — 5max{1—}r§vg, M, }. Similarly, we can also show the lower bound of s;’s

payoffs:

)
1+0

ms, > min{v; — d max{v; —

1
V2, Mb1}7 Vg — 5maX{ 146 bz}} (6>

The first element of the right hand side is the minimum amount that s; has to offer in order
to ensure b;’s acceptance and the second element is the amount to ensure by’s acceptance.

Thus, s; will never offer a price less than the smallest of these two amounts. Equation (6)

reduces to mg, > min{v; — M,,, v — 0M,,} since we know that M, > v — 1i5v2 and
My, > 1—_LSU2. On the other hand, we can also show that:

My, < vy — 5min{1 51}2, Mgy} = Vg — OMg,. (7)

By rejecting an offer from by, the minimum amount s can get is either 51}2 or dms,.

Thus, to ensure an acceptance from sy, the minimum b, has to offer is § min{mvg, msg,}. In

other words, the maximum that by can collect is less than or equal to vy —d min{llﬁvz, M, }-
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Knowing this we can show that

1
1+9

My, < vy — 0 min{ Vg, Mgy, Mg, |- (8)

If by offers a price strictly smaller than min{l—}révg,msz,msl} none of the sellers will

accept. Similarly as above, seller s, will not accept. Knowing this, s; can get 1%51)2 or at
least dms, by rejecting; therefore seller s; would not accept this price either. Moreover, b,

cannot get a payoff as high as v; — §min{1—}révg, Ms,, Ms, } by trading next period.

1

These inequalities together with M, > —wvy, M, > vy — s, ms, < 135

146 1+6 V2, My, <

[ 1 1 1 1 : _
U1 = 1502, My, > 7502, My, > 1502, s, < 13502, and my, < 1502 imply that My, =

_ _ _ _ 1
mg, = M, = ms, = My, = my, = T35 V2-

Proof of Proposition 6. We prove the result by induction. First, we show that the result
holds for a number of agents |S| < t, |B| <t with ¢t = 2.

Step 1. When t = 2, there are five possible graphs. We have already shown in Small
Markets section that the result is true for all of these graphs.

Step 2. Now, suppose that the result is true for all graphs with at most t = n — 1 agents
on one side of the market. That is, as the induction hypothesis, we assume that the result
is true for graphs of size |[S| < n — 1, |B] < n — 1. We are going to show that the result is
true for any graph, say G, of size |S| = |B| = n.

The strategies must specify the actions of the agents for the graph G and for any subgraph
G’ of G that results from removing a set of pairs of nodes from G. For proposers, an action
is what price to propose, and for responders, it is what to do for any given distribution of
prices, in any given graph G’. The strategy of a proposer depends on which subgraph she
is in according to the extended CB-algorithm. The strategy of a responder depends on the
subgraph and each distribution of prices. Strategies do not depend on past history.

If we are in a strict subgraph of GG, that means at least one pair of agents has traded and

left the market. Thus, the number of agents is strictly smaller than n both in S and B. By
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the induction hypothesis, we know that there exists a subgame perfect Nash equilibrium in
this subgame. The equilibrium strategies will follow the ones in any such subgames.

If we are in (G, that means no one has traded. Apply the extended CB-algorithm and
identify the subgraphs of types G°, GB, and GE. For the sake of brevity, call the subgames
in which sellers are the proposers as s-game and the ones in which buyers are the proposers
as b-game.

The price proposal in equilibrium is the following:

e In G type subgraphs, all proposed prices are 0 (in a s-game or in a b-game).

e In GP type subgraphs, all proposed prices are v}, (in a s-game or in a b-game).
==V In a s-game and

e In G¥ type subgraphs, all proposed prices are —=v; in a b-game.

1+6 1+6

For future reference, we denote this price proposal with P. If the price proposal is equal
to P, then all responders accept (both in s-game and b-game). Notice that sellers in s-game
have incentives to ask higher prices only while buyers in b-game would like to reduce the
prices if they ever decide to deviate. Now, suppose that only one proposer deviates from
the price proposal P. If it is a s-game and the seller who deviates belongs to a G° type
subgraph, then all buyers in that subgraph accept 0. Similarly, if it is a b-game and the buyer
who deviates belongs to a GP type subgraph G’, then all sellers in that subgraph accept v,
If it is a s-game and the deviating agent, say s, belongs to a G¥ type subgraph, then all
neighbors of s reject the proposal of s and accept 1 §vk (if they can, otherwise they reject
all offers) while all the other buyers hold onto their earlier decisions (accept the same prices
they did in P). On the other hand, if it is a b-game and the deviating agent, say b, belongs
to a GF type subgraph, then all neighbors of b reject the proposal of b and accept il + sk (if
they can, otherwise they reject all offers) while all the other sellers hold onto their earlier
decisions.

Until now, we have only specified what proposers should propose, what responders should
do when they face the price proposal P, and how should responders react when they face

some of the possible unilateral deviations. The remaining duty is to determine the reactions
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of responders in all the other cases. We define strategies so that if not all the possible
number of pairs forms, then they follow the subgame perfect Nash equilibrium of the resulting
subgraph (which we know exists by the induction step). If all agents reject, then the strategies
will prescribe for proposers to propose price distribution P and for responders to accept.
Therefore we can conclude that given an action for all responders, the payoffs are immediately
determined. For a given distribution of prices, the game is a one-shot game with a finite set of
actions. This game must have at least one Nash equilibrium (possibly, in mixed strategies).
We will define the strategies as follows: for a given distribution of prices, strategies will
tell responders to play according to this Nash equilibrium. Notice that we may have a
multiplicity of Nash equilibria. If this is the case, strategies must specify which of the
several Nash equilibria will be played. Any specification will do the job.

It can be checked that these strategies construct a subgame perfect Nash equilibrium.
Proof of Theorem 2. Notice that when (ii) holds none of the G¥ type subgraphs can be
decomposed further into smaller subgraphs. So, there cannot be two different prices in any
GF type subgraph since the only way to have different prices in a G¥ type subgraph requires
at least two moderate buyers. Furthermore, observe that if (74i) holds then there can be only
one subgraph of type G?, which is the graph itself. Then, by Proposition 6, we know that
(i), (ii), and (i) are sufficient conditions for a network G to support the reference solution.
Thus, we only need to show that if G supports the reference solution then GG has to satisfy
(i), (ii), and (iii).

Part (i). If G supports the reference solution then G decomposes into subgraphs which
are all of the same type.

Suppose that G supports the reference solution but it decomposes into subgraphs with at
least two different types when we apply the CB-algorithm. We have three cases to consider.

Case I. Suppose that |S| > |B|. Then, there must be a G* type subgraph in G. Otherwise,
we would have a contradiction with |S| > |B|. Because G supports the reference solution,

all buyers receive their valuations and all sellers get 0. First, assume that there is also a
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GP type subgraph in G, say G| = (Si, By, L1). Because all buyers receive their valuations,
they all must be matched with a separate seller in the equilibrium. Because G is a GP type
subgraph, by definition, |Ng,(B1)| = |S1| < |Bi| which contradicts with all buyers in G,
being matched in the equilibrium. Thus, there can only be subgraphs of G or G¥ type in G.
Now, suppose that there is a G type subgraph in G, say Gy = (Ss, Bs, Ly). By definition
of G® type, there is no link between sellers in G° type subgraphs and buyers in G5. We are
going to show that there is a profitable deviation for a seller in Gg, say s; € S3. Suppose,
instead of asking zero, s; proposes a price of ¢ > 0. Then, a buyer in GG, would accept the
offer since there are |Sy| — 1 sellers proposing 0 price, |Sa| = | Bs| buyers willing to accept it,
and buyers in G5 have no access to the sellers in G* type subgraphs. If the remaining buyer
does not accept € she would have to share her valuation, roughly equally, with s; instead of
receiving her valuation minus . Thus, if G supports the reference solution and |S| > |B|,
G is a union of G* type subgraphs.

Case II. Suppose that |S| < |B|. Then, there must be a G® type subgraph in G.
Otherwise, we would have a contradiction with |S| < |B|. Because G supports the reference
solution, all sellers receive payoff v* and all buyers receive their valuation minus v*, where
v* is equal to the (|S| + 1)th highest valuation of |B| buyers. First, assume that there is
also a G° type subgraph in G, say G; = (S}, By, L1). Because all sellers receive a positive
amount, they all must be matched with a separate buyer in the equilibrium. Because G, is a
G* type subgraph, by definition, |Ng, (S1)| = |B1| < |Si| which contradicts with all sellers in
(1 being matched in the equilibrium. Thus, there can only be subgraphs of G? or G¥ type
in G. Now, suppose that there is a G¥ type subgraph in G, say Ga = (Ss, Bs, Ly). Because
all sellers receive v*, the total surplus captured by sellers is |S|v*. Because all buyers receive
their valuation minus v*, the total surplus captured by buyers is Zlﬂ(vz —v*). Then, we

have
Sl + X2 (0 = v) = D2 vi+ (1] - [Bl) v < T2 v
since |S| < |B|. This inequality leads us a contradiction because the last part is the total
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value of all transactions. Thus, we can conclude that if G supports the reference solution
and |S| < |B|, then G is a union of G? type subgraphs.

Case III. Suppose that |S| = |B|. If G does not decompose into G¥ type subgraphs
only, then it must have G° and G® type subgraphs, with all sellers getting 1—J1F6Q and all

buyers getting their valuations minus ——v. Let G3 = (Ss, Bs, L3) be an arbitrary G* type

1+<5
subgraph in GG. Because all sellers receive a positive amount in GGz, they all must be matched
with a separate buyer in the equilibrium. Because G is a G° type subgraph, by definition,
|Ne,(Bs)| = |S3] < |Bs| which contradicts with all buyers in G5 being matched in the
equilibrium. Thus, if G supports the reference solution and |S| = |B|, then G is a union of
G type subgraphs.

Part (i1). If G supports the reference solution then (if applicable) the only moderate buyer
15 the buyer with the lowest valuation.

If G decomposes into subgraphs which are all of G¥ or G type, then there is nothing
to prove. So, suppose that G decomposes into GF type subgraphs only. We will prove the
contrapositive of the statement above. On the contrary, suppose that there is a moderate
buyer b; who does not have the lowest valuation in the subgraph she belongs to and G
supports the reference solution. Let G; denotes the subgraph b; belongs to. By definition,
there must be another moderate buyer in G; who has the lowest valuation, say b;. Then, we
can decompose G; further into at least two smaller subgraphs by using the process explained
earlier in the text. Let G;; and G;; be the subgraphs b; and b; belongs to, respectively, at the
end of this decomposition. It is straightforward to see that the equilibrium prices in these
—v; and

components will be —=U;, respectively. Thus, we have a contradiction since all

1+5 1+§

trades in the reference solution occurs at a unique price.

Part (iii). If G supports the reference solution then (if applicable) a buyer b; is a soft
buyer if and only if v* > v;.

If G decomposes into subgraphs which are all of G or G¥ type, then there is nothing

to prove. So, suppose that G decomposes into G® type subgraphs only. First, we claim
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that there is only one subgraph, which is the graph itself. On the contrary, suppose that
G decomposes into at least two subgraphs of type GB. Let G’ and G” be two of those
subgraphs. By Proposition 6, we know that the equilibrium prices in these subgraphs are
v¢y and vg,, respectively, and because buyers have different valuations v, # v.. Then, we
have a contradiction since all trades in the reference solution occurs at a unique price. If b;
is a soft buyer in G, then v* > v; by definition. The only remaining duty is to show that b;
is a soft buyer in G only if v* > v;. On the contrary, suppose that v* > v; but b; is not a
soft buyer. Thus, b; receives a good in the reference solution. Because only |S| of the buyers
can procure goods in the reference solution, there must be a buyer b; with valuation v; > v*
who does not receive any goods. Then, b; can have a profitable deviation by increasing her
offer above v* since all seller would be willing to accept such an offer. This is a contradiction

with the reference solution being an equilibrium outcome of the bargaining game.

Proof of Theorem 3. The necessity part of the theorem is a direct result of Theorem 2
since allocatively complete networks are of type GP and, by definition, all buyers who have
valuations less than v* in GG are soft buyers. For the sufficiency, suppose that G supports the
reference solution but it is not allocatively complete. Because G is not allocatively complete,
there exists a subset B’ C B such that |Ng(B')| < |B’|. Then, the CB-algorithm would
decompose G into at least two subgraphs one of which involves only buyers in B’ and sellers
in Ng(B'). This is a contradiction with G supporting the reference solution because the
existence of two subgraphs in the decomposition guarantees the existence of at least two

different prices. Thus, if G' supports the reference solution then it is allocatively complete.
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CHAPTER 111

RETAIL ASSORTMENT PLANNING UNDER CATEGORY CAPTAINSHIP
(WITH MUMIN KURTULUS)

Introduction

The proliferation of products available to consumers and low margins due to intense
competition are some of the challenges faced by the consumer goods retailers today. The
assortment carried by a retailer can have a tremendous impact on its bottom line. In the
late 80s, retailers started to segment products with similar characteristics into groups called
categories and started to manage product categories as separate business units. Many re-
tailers adopted the category management process which involves strategic management of
the categories to maximize sales and profit while satisfying consumer needs. More recently,
however, the scarcity of resources needed to manage categories and the increase in the num-
ber of product categories have led retailers toward a new trend. Retailers have started to
rely on their leading manufacturers for strategic recommendations regarding key category
management decisions such as category assortment. These leading manufacturers have often
been referred to as category captains and the practice itself has been referred to as category
captainship (Kurtulus and Toktay 2009).

Many retailers and suppliers have implemented category captainship and reported ben-
efits as a result of their implementations (Progressive Grocer 2007 and 2008). For example,
Coors Brewing serves as a category captain for a number of its retail clients in the alcoholic
beverages category. The key insight provided by Coors Brewing company to one of their
retail clients was that the retail chain’s core shopper best matched the characteristics of
premium light beer purchasers. However, the retailer was not able to convert its shoppers
into premium light beer buyers. In addition, Coors recognized that ineffective beer merchan-

dising and limited display support had resulted in flat market share and sales for the retailer.
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In response, Coors developed an aggressive merchandising plan that included megadisplays,
enhanced point of purchase materials, targeted zip code ads, and special pack-marketing
programs. These strategies led to a 6% to 12% increase in store volume (Progressive Grocer
2007 and 2008).

Several retailers rely on General Mills” Small Planet subsidiary for recommendations in
the natural/organic canned and packaged foods category. The category managers at Small
Planet identified that consumers are confused about the placement of the organic and natural
products. In addition, they did a study on what products perform well in a particular region
and developed best practice planograms for the retailers for which they served as a category
captain (Progressive Grocer 2007). For another retailer, Small Planet strategists found that
placement of the organic/natural items was not a critical success factor when compared to
things such as the type of consumer (heavy vs light), variety, and duration of shopping trip
(Progressive Grocer 2007).

Both of these examples reveal that retailers can benefit from implementing category
captainship in two ways. Category captains usually (1) provide consumer insights and/or
(2) help retailers increase traffic into the category. Consumer insights such as the ones
provided by Coors and General Mills in the examples above are not readily available to the
retailers. These insights can help retailers offer an assortment that better matches consumer’s
needs. The category growth, on the other hand, is a result of traffic driving strategies such
as consumer education, promotions, and in-store display strategies.

While many retailers and suppliers have reported benefits, category captainship practices
have also been surrounded by controversies. In particular, category captains’ potential bias
in providing recommendations to their retailers has been an issue because these recommen-
dations cover not only their own brands but also the brands of their rivals in the category
(Desrochers et al. 2003). Even though the category captains are usually the biggest man-
ufacturers in the category and have a significant interest in the categories they manage for

retailers, their incentives may not be fully aligned with the retailer’s objective of maximizing
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the performance of the entire category. Retailers have responded to these threats by setting
some targets for their captains and continuously measuring their captain’s performance in a
scorecard (T. Kavanaugh, personal communication, March 4, 2008; ACNielsen 2005). How-
ever, it is not always possible for the retailers to detect biased recommendations. It has been
reported that in some cases the category captains have taken advantage of their positions
to disadvantage or exclude competing brands in the categories (Steiner 2001, Desrochers et
al. 2003, Greenberger 2003, Klein and Wright 2006). This phenomenon, in general, has
been referred to as competitive exclusion. Many category captainship implementations have
been taken to court over category captainship misconduct and alleged competitive exclusion
(Greenberger 2003).

Motivated by the controversies surrounding the category captainship practices, the goal
of our research is to better understand the consequences of using category captains for assort-
ment decisions. In particular, we answer the following questions: Is competitive exclusion
(reduction in category variety) a valid concern for the retailers? What is the impact of cate-
gory captainship on the retailer, the category captain, and the non-captain manufacturers?
To answer these questions, we consider a supply chain model where multiple manufacturers
sell to consumers through a single retailer. First, we consider a model where the retailer is
responsible for selecting the category assortment. Then, we consider a model where the re-
tailer delegates the assortment selection decision to one of its manufacturers in the category
in return for making recommendations such that a certain target category profit is achieved.
We assume that the retailer benefits from using a category captain for assortment decisions
because the captain can (1) provide consumer insights not readily available to the retailer
and (2) increase traffic into the category. Our results are based on a comparison of these
two models.

Our results can be summarized as follows. First, we show that category captainship can
be profitable for all involved parties (i.e., the retailer, the captain, and the non-captain man-

ufacturers). Nevertheless, we also find that competitive exclusion remains a valid concern
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and is driven by both the captain’s superior knowledge of consumers and ability to increase
traffic into the category. At the same time, we show that the reduction in variety under cat-
egory captainship is not always due to competitive exclusion. A retailer’s lack of consumer
insights might force the retailer to offer a suboptimal variety under retail category manage-
ment. The category captain’s insights can help the retailer to adjust the category variety to
a level that can be higher or lower than the variety under retail category management. A
possible reduction in category variety does not necessarily imply competitive exclusion but
sometimes is simply due to an adjustment as a result of improved information about the
consumers. Our results have implications regarding when and which categories the retailer

should rely on a category captain for assortment selection decisions.
Literature Review

Our literature review focuses on three streams of research: (1) literature on category
captainship; (2) literature on retail assortment planning; and (3) antitrust literature on
category captainship. Next, we discuss the relevance and contribution of our work to these
streams of research.

First, despite more than a decade of implementation, there has been limited academic
research about category captainship. Only three papers address this topic (Niraj and
Narasimhan 2003, Wang et al. 2003, and Kurtulus and Toktay 2009). Both Niraj and
Narasimhan (2003) and Kurtulus and Toktay (2009) investigate the emergence of category
captainship. Both papers consider a model with two manufacturers selling to the consumers
through a single retailer. While Niraj and Narasimhan (2003) define category captainship as
an exclusive information sharing alliance between the retailer and one of the manufacturers,
Kurtulus and Toktay (2009) define category captainship as an alliance that involves retail
pricing in an environment with limited shelf space. Niraj and Narasimhan’s findings are in
terms of the complementarity of the information available to each party whereas Kurtulus

and Toktay show that the emergence of category captainship depends on the degree of prod-
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uct differentiation, the opportunity cost of shelf space and the profit sharing arrangement
in the alliance. Wang et al. (2003) also model the category captainship as an alliance that
involves retail pricing and investigate the consequences of using category captains. Wang et
al. (2003) concludes that category captainship benefits the retailer and the category captain,
but disadvantages the non-captain manufacturer.

The fundamental difference between our research and this stream of research on category
captainship is that the category assortment has already been fixed in these papers and prices
are considered as a decision variable whereas in our model, retail prices are fixed and cate-
gory assortment is being considered as a decision variable. In addition, Kurtulus and Toktay
(2009) also recognize the possibility of competitive exclusion when the retailer relies on a cat-
egory captain for pricing recommendations. They identify the delegation of pricing decisions
and the limited shelf space at the retailer as potential drivers of competitive exclusion. We
contribute to this line of work by identifying other drivers of competitive exclusion. We find
that the delegation of the assortment decisions can also lead to competitive exclusion when
the category captain has private information about the consumers and ability to increase
traffic into the category.

Second, there is a literature on retail assortment planning where the main focus is on
retailer’s optimal assortment selection (see Kok et al. 2006 for a review of this literature).
Van Ryzin and Mahajan (1999) study the relationship between inventory costs and variety
benefits in retail assortment. They determine the optimal assortment and provide insights
on how various factors affect the optimal level of assortment variety. Various extensions to
the model by van Ryzin and Mahajan have been considered. Hopp and Xu (2003) extend the
model by assuming a risk-averse decision maker. Cachon et al. (2005) study retail assortment
in the presence of consumer search. Cachon and Kok (2007) study assortment planning with
multiple categories and consider the interaction between the categories. As in our model,
Aydin and Hausman (2009) also focus on assortment decisions in a decentralized supply

chain but their focus is on the use of slotting fees in coordinating the retailer’s assortment
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decision. All of these papers focus on the retailer’s optimal assortment. We contribute to
this literature by investigating how retail assortment under category captainship may differ
from that under retail category management.

Finally, some economists have voiced antitrust concerns related to category captainship
(Steiner 2001, Desrochers et al. 2003, Leary 2003, Klein and Wright 2006). Some of these
papers hypothesize that category captainship can result in competitive exclusion but offer
no evidence for it. Our research contributes to the ongoing debate by offering theoretical
support for the existence of competitive exclusion, but also identifying conditions under

which such concerns are irrelevant.
The Model

We consider a two-stage supply chain that consists of multiple manufacturers that are
potential candidates for selling their products to consumers through a common retailer. We
assume that each manufacturer sells only one product. The retailer faces the decision of
which products to offer in the category. Let n denote the number of products offered by
the retailer. After being offered an assortment with n products, a customer arriving at the

retailer either purchases one of the n products or does not purchase anything.

Cost Structure. We assume that all products are sold at the same retail price . This
assumption is reasonable in perfectly competitive markets where firms do not have any power
over their pricing decisions. Retailers today operate in highly competitive marketplace and
therefore have very little room for competing on price but more on assortment. Cachon et al.
(2007) consider a similar model where all products have the same probability of appealing
to a consumer and therefore it is optimal for the firm to choose the same retail price for
their products. Shugan (1989) provides evidence for this assumption and indicates that the
majority of flavors within a product line are sold at the same price in the ice cream industry.
We also assume that all manufacturers offer the product to the retailer at the same wholesale

price w. We define m = r — w to be the retailer’s net profit margin. For simplicity, we also
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normalize the production cost at each manufacturer to zero so that each manufacturer’s net
profit margin is w.

In addition to the basic cost structure, we assume that the retailer incurs an operational
cost o(n) associated with carrying a variety of products in the assortment. For clarity of

exposition, we assume that o(n) = fn, where § > 0.

Demand Model. We use a generic attraction market share type model introduced in Bell
et al. (1975). The multinomial logit (MNL), which is commonly used in the operations
literature to study assortment problems (e.g., van Ryzin and Mahajan 1999), is one example
of an attraction type market share model. Let v; be the attraction of product ¢z to con-
sumers. The attraction of a product may be a function of advertising, price, reputation of
the company, the service given during and after purchase and other things that may play
a role in the consumer’s choice. For analytical tractability, we assume that all products in
the category are identical, vy = v, = ... = v, = v. In the Extensions section, we consider
an extension that demonstrates how our results would change if the assumption of identical
products was to be relaxed.

The consumers either select one of the n identical products or the no-purchase option.
Let vy be the attractiveness of the no-purchase option. We assume that vy is sufficiently small
(i.e., vg < Ug).! Let g(n) be the probability that a consumer purchases one of the identical
products offered in the category and ¢g(n) be the probability that an incoming customer
selects the no-purchase option. Using the market share theorem in Bell et al. (1975), the

market share (or alternatively, the purchase probability) for one of the products offered in

the assortment is given by ¢(n) = Similarly, the market share of the no-purchase

vo+nv’
option (or alternatively the probability of a consumer walking out of the store without a

purchase) is given by go(n) = voqu;‘ Let also A denote the rate of consumers entering the

store. Thus, the average demand rate for each product is given by Ag(n) and the average

!This is a technical assumption that is used in some of our proofs and the exact value of ¥y is given in
the appendix. Under this assumption, the attractiveness of the no-purchase option is small enough, which
implies that an incoming consumer’s willingness to shop is high enough.
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rate of consumers that do not purchase is given by Ago(n).

Information Structure. We assume that the category captain has better information
about the consumers’ preferences. This is in line with the main motivation of the retailers
for using category captains. We capture the information asymmetry through the attraction
parameter v in the demand model. While the retailer believes that the attraction parameter
v is either high (vg) or low (vy) with probabilities @ and 1 — «, respectively, the captain
knows the realization of v.

To summarize, we make a number of simplifying assumptions such as equal production,
wholesale and retail prices for each product as well as assuming equally attractive products
in the category. Similar assumptions have been used in Cachon et al. (2007). These as-
sumptions ensure analytical tractability and allow us to focus on size of the assortment as
opposed to the structure of the optimal assortment as is common in the operations literature
(e.g., van Ryzin and Mahajan 1999 and Cachon et al. 2005). In addition, our goal is to
investigate the changes in the size of the assortment and how the size of the assortment is
impacted by the change in ownership of the assortment decisions. In the Extensions section,

we discuss how relaxing some of our modeling assumptions would change our results.
Analysis

We first consider the Retail Category Management (RCM) model where the retailer is
responsible for selecting the variety of the retail assortment. Then, we consider the Category
Captainship (CC) model where the retailer delegates the assortment decision to a leading
manufacturer in return for a target profit. All proofs are in Appendix A. For convenience,

we include a list of key notations used in the paper at the beginning of the appendix.

Retail Category Management

In this scenario, given the wholesale and retail prices, the retailer decides how many items

to include in the retail assortment in the face of uncertainty regarding the attractiveness
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parameter v. The retailer believes that the attractiveness for the products is either high,
vy, or low, vy, with probability a and 1 — «, respectively. The retailer selects the optimal

variety n by solving

MANVg mAnuvy,
max o——— + (1 —a)———— —
n Vo + Nug Vg + nug,

where the first two terms are the expected revenue from sales and the last term captures
the operational cost of managing variety. While in reality the parameter n is discrete, in
our paper we use an approximation where we treat the retailer’s objective function as being
continuous over n. Our approximation admits the following interpretation: If the continuous
approximation suggests that the optimal variety for the retailer is ng = 12.3 for example, we
would round this to the nearest integer (12 in this case) to find the solution of the discrete
optimization problem. This approximation is reasonable because our goal is to compare
the variety under RCM and CC and investigate the directional effects rather than drawing
conclusions regarding the variety to be offered in these scenarios separately. Let nr denote

the optimal variety in the RCM scenario.
Lemma 1 There exists a unique variety level ng that mazimizes retailer’s expected profit.

Let nf and n% be the optimal varieties as if the retailer knows the consumer type. First,
it can be shown that nfl < nk. The marginal revenue of adding another product for the
retailer is higher when consumers are low type since the increase in probability of buying is
higher for these consumers. This implies that the retailer would prefer a higher variety when
consumers are low type and lower variety when the consumers are high type. Second, for
a € [0, 1], the retailer’s optimal variety under uncertainty ng is bounded above and below
by n and nk, respectively. That is, n¥l = np < nk when a = 1 and n# < nr = n& when
a = 0. Therefore, the retailer’s imperfect knowledge about the consumer’s behavior forces

the retailer to act as an expected profit maximizer and this results in a suboptimal category

variety.
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Let 11z and wr denote the expected profits of the retailer and the category captain,
respectively, in the RCM scenario. We also define II% and 7%, where i € {L, H} as the

retailer’s and the category captain’s realized profits under RCM when consumers are i-type.

Category Captainship

In the category captainship scenario, the retailer assigns one of the manufacturers as the
category captain and delegates the assortment selection decision to the category captain for
two reasons.

First, the category captain has better information about consumer preferences. While a
typical retailer sells a range of products that could fall in one of up to three to four hundred
categories, a typical consumer goods manufacturer sells a smaller range of products and
has better information about consumer preferences in particular categories. Manufacturers
constantly conduct consumer studies that are used in guiding them while introducing new
products and improving the existing products. For instance, the consumer insights provided
by Coors Brewing and General Mills helped the retailers in adjusting their assortments to
better match the consumers’ preferences. We capture the captain’s expertise and superior
knowledge about consumers by assuming that the category captain knows the realization
of the attraction parameter v (i.e., whether consumers are H-type or L-type) while the
retailer views this as uncertain. Better information about the parameter v translates into
an assortment that better matches consumers needs.

Second, the category captain can collaborate with the retailer and increase traffic into the
category through consumer education, promotions, improved in-store displays and merchan-
dising plans. The merchandising plan recommended by Coors Brewing is a good example
that illustrates how a category captain can help its retailers drive traffic into the category.
We capture this benefit to the retailer by assuming that the category captain increases the
rate of consumers who would potentially shop in the category and denote this increase by

A. The parameter A captures the category captain’s ability to stimulate demand.
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The sequence of events in the category captainship scenario is as follows: At stage one,
the retailer offers a category captainship contract. The category captain, in return, either
accepts or rejects the contract. At stage two, if the contract is accepted, the category captain
selects variety to be recommended to the retailer. We assume that if the category captain
accepts the contract and cannot achieve the target profit goal set by the retailer, then the
category captain pays a very high penalty to the retailer. If the category captain rejects the
contract, the retailer updates its beliefs about the consumers’ type and decides on variety
of the assortment. We assume that once the category captain accepts the contract, no
renegotiation or breach of contract takes place. If the contract could be renegotiated, then
in cases where the category captain rejects the contract, both the retailer and the category
captain could gain by renegotiation. Similarly, if a breach of contract was allowed, the
retailer could renege on its promised actions after finding out that the category captain is
making a positive surplus. Technically, we model the category captainship as a two stage
screening game in which the (uninformed) retailer makes a take-it-or-leave-it offer to the
(informed) category captain. We are interested in pure strategy perfect Bayesian equilibria.

One of the key steps in category captainship process is objective and target setting (or the
so-called category scorecard). Retailers might set different objectives for different categories.
While driving sales volume can be a very important performance metric for a traffic driver
category such as soft drinks and fresh produce, profitability is usually the primary objective
in most categories. We assume that the retailer delegates the assortment selection decision
to the category captain in return for a fixed target category profit level K. However, in the
Extensions section, we also consider an extension where the retailer’s goal is to maximize
sales in a category and offers a target sales contract to the category captain and discuss how
our results would change when the retailer’s goal is to maximize sales instead of profit.

A strategy profile is defined as (K, (¢, nf?), (¢¥,nl)) where K is the target profit level
set by the retailer and (¢%, n) is the category captain’s strategy: n' is the variety level set

by the category captain when the contract is accepted and consumers are i-type, and ¢’ is a
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{0,1} dummy variable, with 0 and 1 representing rejection and acceptance of the retailer’s
offer, respectively. A strategy profile (K, (¢, 7i7), (¢, %)) is a perfect Bayesian equilibrium

if and only if it satisfies the following conditions:

Retailer’s Best Response:

K € argmax {a [6" 11}, (7", ) + (1 = 6")11ff] + (1 = @) [ $" 1L p(3", K) + (1 — 6111 }

where IT5p(n, K) is the retailer’s profit with target profit (TP) when consumers are i-type
and IT% is the retailer’s optimal profit when consumers are i-type and the retailer sets variety
with its updated beliefs (without the increase in traffic). The retailer’s best response is such
that if the category captain accepts the offer (¢* = 1), then the category captain recommends
the variety but if the category captain rejects the offer (¢ = 0), then the retailer sets the

variety after updating its beliefs.

Category Captain’s Best Response: Let mhp(n', K) be the category captain’s profit with tar-

get profit and 7% be the category captain’s profit under retail category management when
consumers are i-type. The category captain accepts the offer (i.e., (E’ = 1) if and only if
mip(ff, K) > mt, and recommends variety 7' € arg max, {mi.p(n’, K)}. The category cap-

tain rejects the contract (i.e., ¢ = 0) if and only if 7h, (7!, K) < 7.

Bayes Consistency of Beliefs: Let P(ggH , 5’:) be the probability that the consumers are H-

type when the category captain’s decision is %H in the presence of H-type customers and
(EL in the presence of L-type customers. Then, P(1,1) = P(0,0) = «, P(1,0) = 1, and
P(0,1) = 0. These conditions ensure that there is no bias in the retailer’s beliefs.

The category captainship scenario is solved backwards: First, we assume that the cate-
gory captain has already accepted the contract and consider the category captain’s assort-
ment selection problem. Then, given the category captain’s variety response, we consider
the retailer’s target profit setting problem.

For a given target profit level K, the category captain who faces type ¢ € {L, H} con-
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sumers solves the following problem at the second stage:

A+ A) wy;
max _—
n Vg + nv;
A+ A ;
s, QENmnv o
Vo + nv;

The category captain’s profit is strictly decreasing in the variety offered to the consumers
because each additional product in the category cannibalizes the demand for the category
captain’s product. However, the target profit constraint prevents the category captain from
recommending its own product only. Therefore, the category captain recommends an as-
sortment where the target profit level is binding. The following lemma characterizes the

category captain’s best response n'(K).

Lemma 2 There erists a unique best response n'(K) for i € {L,H} which is given by

BU(K)—+/(Bi(K))2—4Kv;vof3
2v;8

ni(K) = where B(K) =muv; A+ A) —vo8 — Ku;.

At stage one, the retailer sets the target profit level K in anticipation of the category
captain’s behavior at the second stage. If the category captain rejects the contract, then
the retailer updates its beliefs about the type of consumers and then chooses the optimal
variety.

In general, there are multiple equilibria in Bayesian games (Chu 1992). Essentially,
two types of equilibria exist: (1) separating equilibrium and (2) pooling equilibrium. In a
separating equilibrium (SE), the uninformed agent (the retailer) makes an offer such that
the informed agent (the captain) reveals its type. In particular, the retailer sets a target
profit level such that the category captain accepts the offer only if the consumers are H-type
(¢ = 1,6 = 0). In a pooling equilibrium (PE), the informed agent does not reveal its
type. Both types accept the retailer’s offer (¢ = 1,¢* = 1). Next, we characterize the

target profits that lead to separating and pooling equilibria.

Separating Equilibrium (SE). If the retailer anticipates a separating equilibrium, the
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retailer selects the target profit that solves the following optimization problem,

max oIy (n" (K)) + (1 — )11} = aK + (1 — o) I}
s.t. mip (n" (K)) > 7}

mho (nL (K)) < 7T1L%.

The retailer sets the target profit level K in such a way that the category captain accepts
the contract if consumers are H-type and delivers the required target profit. The category
captain rejects the contract if consumers are L-type. We assume that the captain accepts
the contract offer in case of indifference between rejecting and accepting. If the contract is
rejected, the retailer concludes that consumers are L-type and sets the variety to maximize
its profit under the RCM scenario knowing that consumers are L-type.

It is useful to define two auxiliary variety levels: ni, and nk,. The variety level n¥p
represents the optimal variety in the best case scenario. That is, the retailer takes advantage
of the additional traffic A and knows that the consumers are i-type. Formally, nf, =arg
max, [1¥,(n) and nk, =arg max, [1L,(n). Let also mip be the variety level such that

the category captain is indifferent between accepting and rejecting the contract offer when

consumers are i-type. That is, 7, (n4p) = 7 (ng) and 75y (Mhp) = 75 (ng).

Lemma 3 There exists an upper bound A such that for all A € [0, A], the following holds
0 < npp(A) <gp (A) <Tigp (A) <ngp (A).

In the rest of the analysis, we focus on cases where A € [0,A]. This assumption is
reasonable as it places an upper bound on the amount of additional traffic that the captain
can drive to the category. The following proposition characterizes the target profit level and
the variety offered to the consumers when the retailer offers a target profit that results in a

separating equilibrium.

92



2
Proposition 1 In a separating equilibrium, the retailer offers Ksg = [\/()\ +A)m — | /6:—2] .

The resulting variety is given by nlt, if consumers are H-type and n% if consumers are L-type.

The retailer offers a target profit that is accepted by the category captain if and only
if the consumers are H-type in which case the category captain recommends variety nip.
On the other hand, if the consumers are L-type, the category captain rejects the contract
and retailer updates its beliefs about the consumer type. The retailer, in this case, sets the
variety to nk which is the variety the retailer would have offered in the RCM scenario if the
retailer knew that consumers are L-type. However, the retailer cannot take advantage of the
additional traffic which could have been driven by the category captain in case the category

captainship contract was accepted.

Pooling Equilibrium (PE). If the retailer anticipates a pooling equilibrium, the retailer

selects the target profit that solves the following optimization problem

max K
K

vV
N
evl

W%P ("L (K))

The retailer sets the target profit level K in such a way that the category captain accepts

the contract no matter what the consumer type is and delivers the required target profit.

Amvg
VO+NRVL
u(Kpp)—+/(Bu(Kpg))2—4Kvg v

where
2y B

Proposition 2 In a pooling equilibrium, the retailer offers Kpp = (A + A)m —

B (nR + % (5—2 + nR>>. The resulting variety is given by b
Bu(Kpg) = mvg (A+ A) — v — Kpgvy if consumers are H-type and ng + (%) (;’—2 + nR)

if consumers are L-type.

The first term in the expression for Kpg is the maximum achievable profit for the retailer
(i.e., the profit if all incoming consumers would buy one of the products and the retailer makes

margin m on each product). The second term is the revenue loss due to the fact that some
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consumers do not purchase from the category and the last part is the operational cost of
managing variety when the variety is set to np + (%) (;ﬁL +n R) . The retailer wants to make
sure that the category captain accepts the contract regardless of the consumer type. To do
that, the retailer asks for a profit level that makes the category captain who faces L-type
consumers indifferent between accepting and rejecting the contract. The retailer ensures
the increase in customer rate because the category captain always accepts the contract but
incurs a loss of surplus when consumers are H-type. Pooling type of equilibria are better for
the retailer when the category captain can drive significant additional traffic to the category.
We further investigate the conditions under which the pooling equilibrium is preferred in the

next section.

Results: Impact of Category Captainship

Our first result is about the effectiveness of the target profit contract in extracting con-
sumer insights from the category captain. Comparing the retailer’s profit in the separating
and pooling equilibria yields the following proposition.

Proposition 3 For a < &, there exists a threshold level A* € [0, A] such that for A < A*,
the retailer prefers the separating equilibrium and for A > A*, the retailer prefers the pooling

equilibrium.?

The retailer has to make a tradeoff between the value of information (screening in the
SE) and the value of additional traffic into the category (increase in A). If the value of
information is greater than the value of additional traffic, which is the case for relatively
low values of A, the retailer prefers screening the category captain. On the other hand,

if the value of additional traffic is higher than the value of the category captain’s private

v,

m=3 (i +nn)
Dy
3 substantially by eliminating some extreme possibilities. This assumption provides a sufficient condition
for the existence of a threshold for every set of parameters. In particular, when this assumption holds, the
increase in the pooling equilibrium profit of the retailer as a result of increase in A is higher than the increase
in the separating equilibrium profit.

2The condition o < & = is an auxiliary assumption which shortens the proof of Proposition
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information, the retailer prefers the pooling equilibrium. The threshold A* is the value where
the retailer is indifferent between the separating and pooling equilibria.

Our next result is about the impact of category captainship on the variety offered to
the consumers. Competitive exclusion refers to the phenomenon where the category captain
takes advantage of its position and disadvantages the non-captain manufacturers in the
category. There is an emerging debate on whether or not category captainship leads to
competitive exclusion in the form of variety reduction in the categories where the retailers
use category captains. These concerns are exacerbated by several antitrust cases concerning
category captainship misconduct (Steiner 2001, Desrochers et al. 2003, Greenberger 2003,
Leary 2003, Klein and Wright 2006). The following proposition sheds some light on the
conditions under which competitive exclusion takes place.

Let nce denote the variety offered to the consumers under the category captainship.

Proposition 4 If consumers are L-type, then ncc > ng. On the other hand, if consumers

are H-type, there exists a threshold Ay such that

(i) if A € [0,min{A*, A1}), then ncc = ntlp < npg,

(ii) if A € [min{Ay, A*}, A*), then noc = nlfp, > ng, and
(iii) if A € [A*,A], noo < ngr and noc < nlp.

Proposition 4 suggests that the transition from retail category management to category
captainship can increase or decrease the variety offered to the consumers. We find that this
increase/decrease is due to two effects: (1) the adjustment effect and (2) the competitive
exclusion effect. The adjustment effect can either increase or decrease the variety offered
in the category and is due to the retailer’s imperfect knowledge about consumers and the
increased traffic into the category. In particular, the adjustment effect is a result of two po-
tentially conflicting forces: (1a) the assortment-expanding effect of higher traffic created by

the category captain, and (1b) the assortment-expanding or assortment-shrinking effect of
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better information about consumer preferences. When consumers are L-type, the adjustment
effect suggests an increase in the assortment since both higher traffic and better informa-
tion lead to assortment expansion. However, when consumers are H-type, the adjustment
effect is ambiguous since higher traffic leads to assortment expansion but better information
leads to assortment shrinking. The adjustment effect suggests a reduced variety only if the
assortment-shrinking effect of better information dominates the assortment-expanding effect
of additional traffic. The magnitude of the adjustment effect is measured by [n%, —nz| when
consumers are L-type and by |n¥, — np| when they are H-type. The competitive exclusion
effect, on the other hand, always reduces the variety offered in the category and is due to
the category captain taking advantage of its position and reducing the variety to increase its
share. The magnitude of the competitive exclusion effect is measured by |n%p — ncc| when
consumers are L-type and by |[n#, — noc| when they are H-type.

The following two special cases delineate the drivers of the adjustment and competitive
exclusion effects. First, when the category captain is used to drive additional traffic only
(i.e., H = L and A > 0), the variety under category captainship is always higher than the
variety under the RCM, that is ncc > ng (see Appendix B for proofs). The increase in
the variety is entirely due to the assortment expanding effect of additional traffic. On the
other hand, when the category captain is used for consumer insights only (i.e., H > L and
A = 0), the variety under category captainship can be higher or lower than the variety
under RCM. If consumers are H-type, then nce = nf, < nr whereas if the consumers are
L-type, then nocc = nkp > ng. In this case, the increase/decrease in variety is entirely
due to the assortment-expanding/shrinking effect of better information. Therefore, we can
conclude that while the adjustment effect can be driven by either asymmetric information
or the category captain’s ability to drive traffic into the category, the competitive exclusion
effect is driven by both effects simultaneously.

Figure 5 illustrates the impact of the adjustment and competitive exclusion effects on

the resulting variety for A € [0, A] for both separating and pooling equilibrium cases. If
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Figure 5: Comparison of equilibrium variety levels under the RCM and CC for A = 20,
m=5w=4,v9g=2,vp =2, vy =4, a =05, §=1.

the consumers are L-type (Figure 5a), the adjustment effect increases the variety offered in
the category (nkp, > ng), but the competitive exclusion effect reduces the variety (nk, >
ncce). Because the magnitude of the adjustment effect is greater than the magnitude of the
competitive exclusion effect (|nk, —ng| > [nkp — nocl|), the net effect is an increase in the
variety offered to the consumers (ncc > ng). On the other hand, when the consumers are
H-type (Figure 5b), both the adjustment and the competitive exclusion effects reduce the
variety in the category and therefore, the net effect is a reduction in the category variety
(nr > nee). Notice that the adjustment effect reduces the variety in this case since, for
the chosen parameter set, assortment-shrinking effect of better information dominates the
assortment-expanding effect of additional traffic.

Figure 5 illustrates an example where min{A*, A;} = A* and the adjustment effect always
reduces the variety in the category when consumers are H-type (Figure 5b). Figure 6, on

the other hand, illustrates a different example where min{A*, A1} = A;. In this example,
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Figure 6: Comparison of equilibrium variety levels under the RCM and category captainship
for A=20,m=5 w=4,v9=2,v, =2, vy =4, =08, f=1.

the adjustment effect can either increase or decrease the variety when consumers are H-type
(Figure 6b). Because the competitive exclusion effect does not play a role when A is small,
the H-type consumers can observe an increase in variety under category captainship whereas
for larger A’s (A € [A*, A]) the reduction in variety is inevitable as the competitive exclusion
effect dominates.

To summarize, Proposition 4 suggests that while category captainship can lead to reduc-
tion in the category variety, this reduction is not always due to competitive exclusion but can
also be due to the adjustment effect. While the adjustment effect can increase or decrease

the variety, the competitive exclusion effect always reduces the variety in the category.

Impact of Category Captainship

In this section, we investigate the impact of category captainship on all the parties through

numerical studies and summarize our results below.
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Impact on Retailer. The retailer benefits from both the captain’s superior consumer
insights and the ability to drive traffic into the category and is always better off under
category captainship by definition. Figure 7 illustrates the retailer’s profit under both retail
category management and category captainship as a function of category captain’s traffic
driving ability A. First notice that, irrespective of the consumer type, the retailer’s profit is
non-decreasing in the category captain’s ability to drive traffic (A). Second, when consumers
are L-type, the category captain rejects the contract if the retailer asks for a target profit
Kgg, in which case the retailer infers that the consumers are L-type and does set the variety
level to nk. The gap between IT5(nk) and I1%(ng) measures the value of information for the

retailer when the consumers are L-type.

M n
seperating pooling
K equilibrium equilibrium
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Kee
separating  _ pooling
equilibrium = equilibrium Kse
H
Me(n5) L Mrem(MR)
RYR HR(nR)
A A
A A A A
(a) Retailer’s profit when consumers are L-type (b) Retailer’s profit when consumers are H-type

Figure 7: Comparison of equilibrium retailer profits under the RCM and category captainship
for A\=20,m=5,w=4, =2, v, =2, vy =4, a=0.7, =1.

While the retailer benefits from the category captain rejecting the contract when the
consumers are L-type, this is only the case for small values of A. As A increases, the retailer
prefers both types of category captains to accept the target profit contract because the

benefit due to the additional traffic into the category exceeds the benefit of having perfect
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information about the consumers.

Impact on Category Captain. The category captainship agreement increases the size of
the pie that is shared between the retailer and the category captain because of the category
captain’s private information about the consumers and its ability to drive additional traffic
into the category. The question is how does the surplus created in the category captainship
collaboration get split between the retailer and the category captain. Although we assume
that the retailer has the power to offer a take-it-or-leave-it contract to the category captain,
the retailer cannot always extract the entire surplus created in the category captainship

collaboration as the category captain gets compensated for its private information when the
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Figure 8: Comparison of equilibrium profits for the category captain under the RCM and
category captainship for A\ =20, m =5, w=4,v9=2, v, =2, vy =4, a=078=1

Figure 8 illustrates the category captain’s profit under retail category management and
the category captainship scenarios. If the consumers are H-type, the category captain is

better off in the category captainship under both separating and pooling equilibria (i.e.,
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L(SE) > 7l and 78, (PE) > nH). The category captain is in an especially advantageous
position when its ability to drive traffic is substantial (i.e., A € [A*,A]). This is because
the opportunity cost of disagreement is very high for the retailer. Moreover, incentives of
the retailer and the category captain are somewhat aligned: increasing the category traffic
benefits both. The category captain can afford to recommend a relatively low variety level
and continue to meet the target profit because of the substantial additional traffic to the
category.

On the other hand, when consumers are L-type, the category captain is either worse off
under the category captainship with a separating equilibrium (7%, (SE) < 7k for A € (0, A*))
or indifferent with a pooling equilibrium (74,(PE) = 7k for A € [A*,A]). The category
captain is worse off under category captainship for small As because the retailer sets the
variety as in the retail category management scenario with perfect information. The retailer
increases the variety (nk > ng) which translates into a smaller market share and profit
for the category captain. Recall that it would be prohibitively expensive for the category
captain to accept the target profit contract when the consumers are L-type because a failure

to deliver the target profit would result in a stiff penalty.

Impact on non-Captain Manufacturers. Due to our modeling assumptions, the impact
of category captainship on a non-captain manufacturer is identical to the impact of category
captainship on the category captain given that the non-captain manufacturer is offered to
the consumers in both retail category management and category captainship scenarios. How-
ever, as indicated in Proposition 4, the transition to category captainship can both increase
or decrease the variety offered to the consumers. If category captainship results in a broader
assortment, then a non-captain manufacturer’s chances of being included in the assortment
improve, which in return increases the non-captain manufacturer’s expected profit. If cate-
gory captainship results in a narrower assortment, the non-captain manufacturer’s expected
profit suffers from the decrease in the probability of being included in the assortment. There-

fore, we conclude that depending on the resulting variety, category captainship can either
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hurt or benefit the non-captain manufacturers in the category.

Extensions

Our modeling choices were driven by our main research question which is to compare
the resulting variety under retail category management and category captainship and pro-
vide some insight on whether category captainship results in competitive exclusion. In this
section, we focus on the simplifying assumptions of our model to determine whether these
assumptions limit the realism of our model and obstruct the ability to generate insights that
can be generalized. In what follows, we provide the highlights of the key insights from these

extensions but the extensive analyses are available in an online supplement.

Category Captain Selection

Our model is silent on the retailer’s category captain selection problem because we assume
that the manufacturers are identical. To this end, we consider two extensions of our original
model to gain some insights on the drivers of the category captain selection decision. In the
first extension, we assume that one of the manufacturers offers a product which has a higher
attraction compared to the other products in the category. In the second extension, we
assume that one of the manufacturers can drive more traffic into the category as compared
to the other manufacturers. In both extensions, we compare the retailer’s profit when the
manufacturer with higher attractiveness product or ability to drive more traffic is assigned
as category captain to the retailer’s profit when one of the other manufacturers serves as
category captain.

In the first extension, we assume that one of the manufacturers offers a product with
attractiveness v; + 6 and the other manufacturers offer products with attractiveness v;. We
keep all the other assumptions regarding the cost and information structure as in our original
model. First, consider the case where the high attractiveness manufacturer is assigned as the

category captain. Let Kgg(d) and Kpg(d) be the retailer’s profit under the separating and
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pooling equilibria when the high attractiveness manufacturer (with attractiveness v; + ¢) is
selected as the category captain. Notice that Kgp(0) = Ksg and Kpg(0) = Kpg because,
when ¢ = 0, the model we consider in this extension is the same as our original model. It is
also straightforward to show that both Kgg(d) and Kpg(d) are increasing in d. Thus, we can
conclude that the retailer prefers an assortment that includes the product with attractiveness
v; + 0 over an assortment that excludes it.

Now, suppose that the retailer chooses a manufacturer other than the high attractiveness
manufacturer as the category captain. We consider the following two cases: (i) the category
captain includes the high attractiveness manufacturer’s product in the assortment and (ii)
the category captain excludes the high attractiveness manufacturer’s product. Case (ii)
corresponds to our original model (or, model with § = 0). Case (i), on the other hand,
results in exactly the same best response function for the category captain in the model where
the high attractiveness manufacturer is assigned as a category captain. Thus, the retailer’s
equilibrium profit is the same as before (i.e., Kgg(d) in the separating equilibrium and
Kpg(0) in the pooling equilibrium) if the category captain includes the high attractiveness
manufacturer’s product in the assortment. The only difference between case (i) and the
case where the high attractiveness manufacturer is the category captain is the profit of the
category captain.

In summary, if one of the manufacturers with low attractiveness is selected as the cat-
egory captain then, in general, the category captain’s incentives are toward excluding the
manufacturer with a high attractiveness product. However, in equilibrium, the retailer sets
the target profit high enough to ensure that the category captain includes the product with
high attractiveness in the recommended assortment. Therefore, we conclude that the retailer
is indifferent between selecting the high attractiveness manufacturer or any of the other man-
ufacturers as the category captain as long as the high attractiveness product is included in
the assortment.

In the second extension, we assume that one of the manufacturers can increase the cat-
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egory traffic by A whereas all the other manufacturers can increase the category traffic by
A. We assume that A > A. All of the cost and information structure assumptions in this
extension are the same as the ones in our original model. Let Kgg(A) and Kpg(A) denote
the retailer’s equilibrium profits. By Lemma 5 (which is in the appendix), we know that
both Kgg(A) and Kpgr(A) are increasing functions of A. Thus, we conclude that the retailer
is better off by choosing the manufacturer that can drive the most traffic into the category
as the category captain.

To summarize, our results in the extensions described above suggest that the retailer
prefers to choose a manufacturer who is able to put something unique to the table while
considering the category captain selection problem. In the first extension described above,
the manufacturer with high attractiveness product is not at an advantage because the high
attractiveness product can be included in the category regardless of whether the high at-
tractiveness manufacturer is selected as the category captain or not. What matters for the
retailer is whether the high attractiveness manufacturer is included in the category or not:
the retailer is better off when the manufacturer with high attractiveness product is included
in the assortment. On the other hand, if a manufacturer has a unique characteristic such as
being able to increase traffic more than the other manufacturers as in the second extension
described above, then the retailer would prefer that manufacturer as the category captain

over the other manufacturers.

Implementing Category Captainship with Target Sales Contract

While target profit is one of the most commonly used measures in the retailer’s category
captainship scorecard, category sales is another important measure that retailers are inter-
ested in. Target sales type of measures are particularly important in destination categories
that are used by the retailers to drive traffic into the store. In general, a retailer can use
a target sales contract either (i) as a tool to mazimize profit or (ii) as a tool to mazimize

sales. If the retailer uses the target sales contract as a tool to maximize profit, both target
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profit and target sales contracts lead to the same outcome. Intuitively, the reason for this
equivalence is that the objective of the retailer is the main determinant of the equilibrium.
If, on the other hand, the retailer’s objective is to maximize its sales by using target sales
contract, then our results about competitive exclusion would change. In the RCM scenario,

the retailer selects the variety level to maximize expected sales, that is

AU Anuy,
max a———— + l—a)———
n Vo + NUy Vo + nug,

Notice that the retailer’s expected sales are increasing in n and the retailer selects the
maximum available variety, which we define as N.

In the category captainship scenario, the category captain has an incentive to reduce
the variety since its profit is decreasing in variety. However, anticipating this incentive,
the retailer would not allow a decrease in the already existing variety since such a decrease
would hurt the retailer’s sales. The retailer sets the target sales level to induce the category
captain to recommend an assortment with N products in it. Since the solution is on the
boundary, both separating and pooling equilibria lead to the recommended variety level N.
The retailer and the category captain would be better off under the category captainship
scenario due to the additional traffic driven in the category. Therefore, if the retailer’s
objective is to maximize sales, information asymmetry plays no role and hence there is no
room for competitive exclusion in this setting.

In practice, a retailer’s objective often lies somewhere between the two extremes of either
maximizing profit or maximizing sales in the category. Different categories have different
objectives for different retailers. If a retailer’s primary concern is maximizing profit (sales),
then the retailer is better off using target profit (sales) contract. However, retailers should
be aware that competitive exclusion is alive when the retailer seeks profit maximization, but
not effective when the retailer’s objective is to maximize sales. Finally, notice that as the

retailer’s operational cost parameter [ approaches zero, the difference between these two
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objectives fades away since profit and sales maximization problems become equivalent.

Multiple Manufacturers Each Selling Multiple Products

Our model assumes that each manufacturer offers one product only. However, in practice
manufacturers usually offer multiple products in a single category. In this section, we explore
the drivers of competitive exclusion in a model with two manufacturers each selling multiple
products through a single retailer. We assume that both the category captain and the retailer
have perfect information about the consumers. In the retail category management, the
retailer decides on variety for both manufacturers and in the category captainship scenario,
the category captain makes a recommendation on the variety for its own and competitor’s
products (assortment mix) in return for a target profit level. For simplicity, as in our original
model, we assume that all of the products offered by the first and second manufacturers have
the same attractiveness v and the retailer has perfect information about the consumers.
These assumptions imply that all of the products are perfect substitutes from the retailer’s
point of view and therefore the retailer cares only about the total variety in the category and
not about the assortment mix. Our analysis suggests that competitive exclusion is possible
even in the absence of asymmetric information simply because the captain’s incentives are
toward recommending an assortment that includes more of its products while the retailer
only cares about the total variety in the category. This extension allows us to identify another
possible lever (i.e., assortment mix decision) through which the category captain excludes

the competitors’ products from the assortment in addition to asymmetric information.

Manufacturers with Nonidentical Attractiveness

Our assumption of identical manufacturers prevents us from drawing conclusions regarding
which products/brands are more likely to be included or excluded from the category. Next,
we consider an extension where we relax our assumption of identical manufacturers and

assume that the products are ordered such that v; > vy > v3 > ... > vy and the first manu-
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facturer is assigned as category captain. We keep all of the cost structure assumptions the
same as in our original model. First, we consider the model without asymmetric information.
We find that the retailer’s and the category captain’s recommended equilibrium assortments
are both in the most attractive set (i.e., include only the most popular products in the as-
sortment) and the variety under category captainship always increases due to the adjustment
effect. While the competitive exclusion effect does not reveal itself in this extension due to
the absence of asymmetric information, we show that the inclusion of asymmetric informa-
tion into this model could result in competitive exclusion. Our numerical analysis (which
is described in detail in the Online Supplement) suggests that depending on the category
captain’s traffic driving abilities, the category captainship might result in different types of
products being excluded from the assortment. In particular, we find that if the category
captain’s traffic driving abilities are limited (i.e., the retailer prefers separating equilibrium),
the category captain excludes the products with low attractiveness. On the other hand,
if the category captain’s traffic driving abilities are significant (the retailer prefers pooling
equilibrium), the category captain might exclude some of the high attractiveness products.
The intuition is as follows: Under the separating equilibrium, the equilibrium target profit
forces the category captain to recommend an assortment which includes the most attractive
products but allows exclusion of the less attractive products. On the other hand, under
pooling equilibrium, the category captain can drive significant additional traffic into the
category, which improves the captain’s bargaining position against the retailer. Therefore,
the captain can replace some of the most attractive products with less attractive ones in the

assortment.

Conclusions and Discussions

We consider a stylized two stage supply chain model where multiple manufacturers sell to
the consumers through a single retailer. The goal of our research is to investigate the impact

of a recent trend in the consumer goods supply chains where retailers rely on a leading
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manufacturer in a category for recommendations regarding the assortment to be offered to
the consumers. Retailers benefit from category captain’s (1) superior knowledge about the
consumers and/or (2) ability to drive additional traffic into the category. Our results are

along these two dimensions.

Reliance on

knowledge

no yes

*  The retailer can extract valuable
nformation but cannot extract the
entire surplus

*  The category captain is paid an

NO |+ Novalue in category captainshi - ;
gory cap P information rent

. *  The variety offered to the consumers
Reliance may increase or decrease as a result of
on traffic the adjustment effect
driving «  The retailer can exiract the entire | *  1he retailer can extract valuable

information but can not extract the

surplus :
entire surplus

*  The category captain is indifferent
YES [+ The variety offered to the
consumers increases under category
captainship as a result of the
adjustment effect

*  The category captain is paid an
information rent

*  The variety offered to the consumers
may decrease as a result of
competitive exclusion

Figure 9: Summary of results table.

The overall conclusion of our research is that while using category captains for category
management can be an excellent value proposition for retailers, the consequences of using
category captains should be better understood by retailers. We find that the consequences
of using category captains may differ depending on what the category captains are used for.
Figure 9 summarizes our results along two dimensions in a simple two by two matrix. First, a
retailer should continue implementing retail category management in established categories
where traffic is stable and consumer behavior is well understood. Second, categories where
the retailer needs to increase traffic and consumer behavior is well understood are perfect
candidates for category captainship implementations. The retailers can expand the product

offering in these categories as a result of the increased traffic into the category.
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Third, in categories where retailers need consumer insights only, retailers can use cate-
gory captains who have a better understanding of the consumers but should be aware that
the category captains should be rewarded for providing insights. Depending on consumer
preferences, the category captainship implementation may result in either an expanded or a
narrower assortment when compared to the assortment under retail category management.
The possible reduction in variety is entirely due to the adjustment effect. Finally, categories
where retailers rely on their category captains to drive traffic and provide consumer insights
are also suitable for category captainship implementation but retailers need to compensate
the category captain for both its superior information and its traffic driving abilities. The
variety in the category can either increase or decrease as a result of the adjustment effect.
The competitive exclusion effect, however, always reduces the variety offered to the con-
sumers. The overall increase/decrease in the category variety depends on the magnitude of
the adjustment and competitive exclusion effects.

Our results have a number of implications regarding the implementation of category cap-
tainship in practice. First, we find that while the concerns regarding the category captainship
misconduct in the form of competitive exclusion are definitely valid, a reduction in variety
under category captainship is not always due to competitive exclusion but sometimes due to
the adjustment effect. In particular, expected profit maximizing behavior forces the retailer
to offer a suboptimal variety in the category under retail category management. This is not
desirable for the retailers as excess variety eats up precious retail shelf space while little vari-
ety may lead to lost consumers in the category. The category captain’s additional consumer
insights help the retailer to adjust its variety to better satisfy consumer’s needs. While this
adjustment takes place irrespective of the category captain’s traffic driving abilities, compet-
itive exclusion takes place when the category captain is capable of driving significant traffic
into the category. This is because the category captain is in a stronger position against the
retailer in this case. This is one explanation as to why the competitive exclusion effect is

difficult to detect in practice as it is not clear whether a reduction in category variety is due
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to competitive exclusion or it is simply due to an adjustment.

Second, our research has some implications regarding the implementation of category
captainship via target profit versus target sales contracts. On one hand, we find that if
the main goal of the retailer is to maximize profit, the category captainship implementation
might result in competitive exclusion whereas if the retailer’s goal is to maximize sales, then
competitive exclusion does not take place. On the other hand, the implementation of target
profit level contract requires that retailers share sensitive information such as competitor’s
margin and operational cost data with the category captain, therefore, posing some imple-
mentation challenges. However, target sales is relatively easier to track and does not require
sensitive information sharing. Therefore, retailers implementing category captainship via a
target profit should be aware that maximizing profit in a category comes at a cost. Retailers
have to make a tradeoff between maximizing profit (as opposed to maximizing sales) and the
possible adverse effects of competitive exclusion and sharing sensitive information if target
profit is to be used.

Third, our research suggests that while the retailer and the category captain can benefit
from category captainship, contrary to the common belief, the non-captain manufacturers
can also be better off under category captainship. In practice, many manufacturers get
frustrated and fear competitive exclusion when they hear that a major competitor has been
selected by a retailer to serve as a category captain. While the fear of competitive exclusion is
valid in some instances, we find that the variety in the category might actually increase after
implementing category captainship and the non-captain manufacturers can benefit from this
variety increase as well as the increase in the traffic to the category.

Finally, our model only captures the short term benefits of category captainship because
we model category captainship as a one shot game. However, category captainship can also
have adverse effects on the retailers in the long run. While we are not able to capture the
potential long term adverse effects of category captainship to the retailer, our model can be

used to derive implications regarding some of these long term effects. For example, compet-
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itive exclusion can lead to monopolization in the category, which in the long run can result
in price increases and reduction in category variety. While price spikes will lead to consumer
dissatisfaction, a reduction in the category variety can also result in consumer dissatisfaction
because consumers almost always prefer more variety to less (e.g., Broniarczyk et al. 1998
and Hoch et al. 1999). Retailers take measures such as assigning co-captains in categories
to verify their category captain’s recommendations to avoid biased recommendations but as
our research points out, it might be very difficult to separate the variety reduction which is
due to the adjustment and competitive exclusion effects. Therefore, we conclude that the
retailers should balance the short term benefits and the potential long-term adverse effects

while evaluating the pros and cons of category captainship practices.
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List of Key Notations

List of Notations

n number of variants offered at the retailer store.

ncoc | number of variants offered to the consumers under the category captainship.

nR the optimal variety in the RCM scenario.

nZT p | the optimal variety when the retailer takes advantage of the additional traffic
A and knows that the consumers are i-type.

n% the optimal variety in RCM scenario when the retailer knows that the con-
sumer type is i € {H, L}.

A* the value of A that makes the retailer indifferent between the separating and
pooling.

A the value of A that makes nJHP = ng.

11z the retailer’s expected optimal profit in the RCM scenario.

TR the category captain’s expected optimal profit in the RCM scenario.

Hi;p p | the retailer’s profit under TP when the consumer type is ¢ € {H, L}.

W% p | the category captain’s profit under TP when the consumer type is i € {H, L}.

Ty, the retailer’s profit when consumers are i-type and retailer sets variety as if in
the RCM scenario (i.e., without the increase in consumer rate).

W% the category captain’s profit when consumers are i-type and retailer sets va-

riety as if in the RCM scenario (i.e., without the increase in consumer rate).
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Appendix

A. Proof of Lemmas and Propositions

Proof of Lemma 1: The retailer’s expected profit is strictly concave in the variety level n

because the second derivative of the objective function is equal to

Lo 9%

m | —a—— — (1—a)—2—| <0.

3 3
Gl )
VH vL

Thus, the problem has a unique maximum, denoted by ng. The maximum is determined by

Amlafy + (1 —«)fr] = § where f; = Z;?Q forie {H,L}.1

(o)

The result in the following lemma is used in the proof of some our results.

Lemma 4 vy < Uy = ng\/vg\/vr implies the following inequalities

Amu Amug  Amu v
vy < L < min{ i L [ 1 }
B B B Vg — VL
Proof of Lemma 4: It is easy to see that 2L < AMUm gpd Amvn o Amop | v | gipce
B B ﬁ ﬁ VH—VL

Amury,

vy > vr. It is enough to show that vy < vy implies vy < . Suppose that vy has the

biggest possible value under the presumption of the lemma, i.e. vy = ng\/vy/vr. Because,

by Lemma 1, Am[afy + (1 —a)fr] = B, we have vy < ’\m% if and only if 0 < vy, +2\/vg\/0L.
Amury,

Because the last inequality is always true, we can conclude that vy < 7y implies vy < =5k

Proof of Lemma 2: For given target profit level K, the category captain who faces

i € {H, L} type consumers solves the following problem at the second stage:

(A + A) wo;
max -
n Vg + Nv;
A+ A i
sr, QEMm o g
Vo + nv;
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Because the objective function is decreasing and the constraint is increasing in n, the optimal

solution is determined by the constraint (’\f\w —pfn =K.
0+nv;

We can rewrite the equation as A‘n? — Bin + C' = 0 where A® = fv;, B = (A + A) mv; —

Bvy — Kv;, and C' = —Kuvy. The quadratic equality has two roots which are given by n; =

Bi+4/(B)2—4AiC

2A°

B'—+/(B1)2—4AiC
2A1

and ny =

. Because the category captain prefers the variety

as small as possible, ny cannot be a best response. Thus, there is a unique best response for

BY(K)—y/(Bi(K))2—4Kv;
2v;8

each type which is given by the smaller of the roots n’(K) = wf

Proof of Lemma 3: By solving nf, (nf,) = 7f (ng) and 7fp (Whp) = 7k (ng), we can

easily show that nf, (A) = np + & (f—; + nR> and n%p (A) = np+ 4 (”—0 +ng). More-

vL

over, by solving the corresponding maximization problems, we can calculate nZ, (A) =

arg max,, [1,(n) = w:—; — 22 and nkp (A) = argmax, [1%p(n) = (>\+é\)mg_2 -,
We prove the lemma in four steps.

(i) nf, (A) > 0 for all A >0

Proof of (i): Take any A > 0. Then, nf,(A) = m;’—; — 32 > 0 if and only if
% > vg. By lemma 4, vy < % holds and, therefore, nff, (A) > 0.

(ii) m¥, (A) > nfl, (A) for all A > 0

Proof of (ii): Let oy (A) = ntl, (A) -7, (A) = %f:—g—%—n]{—% (;’—; + nR). First,
show that ¢ (A) is concave. We rearrange g (A) in polynomial form: ¢ (A) = —ax? + bz

where a = (%) (;’—I‘_)I —l—nR), b = \/%T—;, and z = v A+ A. Because the coefficient on 22
is negative, ¢p (A) is concave. We are interested in the values of A that satisfy ¢g (A) =
0. That is, \/)\—i——A[ %:—; — \//\—i——A(i) (;)_,3 —i—nR)] = 0. This equation has two roots:
AL =—Xand A% =)\ [%”fH — 1] . If both of the roots are negative then ¢y (A) is negative
for all A > 0 and, therefore, nff, (A) < nf, (A). Tt is clear that AL, < 0. We claim that
A2, < 0, or equivalently Mmfy < 3. The first order condition for the variety level in RCM
is Amlafy + (1 — ) fr] = 8. Then, A}, < 0 & vy < ngy/vp\/vr, = Uy. Because the latter

inequality holds, we have A% < 0 and nff, (A) <74, (A).
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(iii) nkp (A) > 7kp (A) for all A € [0, A

— AA)m o, V) v
Proof of (iii): Let @r, (A) = nkp (A) —nkp (A) = %ﬁ — - —np— 4 <U4Ll + nR>. As
before, ¢, (A) is concave and ¢, (A) = 0 has two roots: A} = —\ and A2 = X [%”fL — 1}
Next, we show that A2 > 0. It is sufficient to show that Amf, > 3. By using an argument
similar to the one in the previous case, we can show that the above inequality holds since

v < T and Amlafy+ (1 —a)fr] = 5. Because ¢y, (A) is concave, ¢y, (A) is positive between

two roots. Therefore, nk, (A) > mkp (A) for all A € [0, A] where A = A2,

(iv) nkp (A) >nH, (A) for all A >0

Proof of (iv): Take any A > 0. Then, nkp(A) > nH, (A) is true if and only if np +
4 (;’—2 —i—nR) > np+ & (;—g +nR>. Because vy > vy, we have nkp (A) > 7l (A) for all

A > 0. If A =0 then Rk, (A) = 7%, (A) = ng. By (i), (ii), (iii), and (iv), we conclude that

nip (A) > 7gp (A) > 7flp (A) > nilp (A) > 0. B

Proof of Proposition 1: We rewrite the retailer’s problem as follows

max aK + (1 —a)llh
H H L A (v
s.t. npp >n" (K) and n (K)>nR+X U—+nR
L

We use the Karush-Kuhn-Tucker (KKT) method to solve this optimization problem

Co aK 4 (- )T — i 0 () — 0] — o {nR o (;’—Z i nR) - nL(K)}

st.  puy>0and uy >0

Here we use py > 0 as an auxiliary assumption. Later, we relax it to pus = 0 since the second
constraint cannot be binding.
The first order KKT conditions are:

oL B 3nH(K)+ on*(K)
oK = YT MTar T TR

—0 (A1)
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aﬂl'

82 L A Vo L A Vo

— K) > — | — T K)—np—=—[— —

o n”( )_nR+)\(vL+nR) ,/@_07/@{77,( ) —ng )\(v +nR)} 0
(A3)

>n"(K) ; pn > 05 m [npp —n"(K)] =0 (A2)

ngr

There are two possible cases:
(i) 1 = 0 and py = 0: In this case, equation Al reduces to a = 0. Because a > 0, there is
no solution.

(ii)) g1 > 0 and gy = 0: Only one of the constraints is binding. Because p; > 0, A2

ensures that n”(Ksp) = nf,. From Al, we conclude that this case is possible only if
/’l’l = aan;{SE) > 0
— oK

By definition, n! (K) is smaller than n#!, (since n” (K) is the smaller root) and, therefore,

nf (Ksp)

we have to have 2 ox - > 0. Because the condition in (ii) always holds, we have a unique

separating equilibrium in which the retailer’s target profit satisfies n(Kgp) = nfp. By

solving the equation, we get

2
KSE:()\+A)m+6s—2—2\/(>\+A)m6:—z: { (A+A)m—,/5:—;

In the equilibrium, the category captain accepts the contract offer and recommends the

variety level nfl, when consumers are H-type, and otherwise, the category captain rejects

the offer and the retailer chooses the variety level nk. B

Proof of Proposition 2: We rewrite the retailer’s problem as follows

A
st.  nip>n"(K)and ng + — (Z—O + nR) > nl(K)
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The first order KKT conditions are as follows:

0L on(K) on*t(K)
oKk M e O (A4)
9L u H : : H _ H _
G ez () g 2 05 [nffs — ()] = 0 (A5)
0L A v A v
8—“23 TZR—I—X(i—f—TLR)ZTLL(K);NQZO;LL2|:HR+X(£+HR>—TLL(K):|:

(A6)
There are four possible cases:

(i) p1 = 0 and pe = 0: This case is not possible since the equation A4 reduces to 1 = 0.
(ii) g1 > 0 and pe = 0: In this case, only one of the constraints is binding. Because
w1 > 0, Ab ensures that n” (K) = nf,. Notice that I1¥, (n) > 1%, (n) for all n > 0. And,
moreover, nfp = argmax, 1%, (n). Thus, K = 1%, (nfp) > Ik, (nkp) > Tk, (nflp)
which contradicts the assumption that the category captain rejects any target profit level it
cannot deliver. In this case, the category captain who faces L-type consumers cannot deliver

the desired profit.

(iii) g1 = 0 and pp > 0: Because uy > 0, A6 ensures that n’(Kpg) = ng + % (3—2 +nR>.

1
ol (Kpp)
0K

From the equation A4 we can conclude that this case is possible only if py = > 0.

Because nl(K) is an increasing function, Kpg is always a solution.

(iv) p1 > 0 and py > 0: Because p; > 0 and p > 0, A5 and A6 ensure that nfl (K) = nZ,
and n*(K) =ng+ 4 <UﬂLl - nR>, respectively. By (ii), we know that nf(K) = nf, leads to
a contradiction. Thus, this case is not possible.

Because the condition in (iii) always holds, we have a unique pooling equilibrium in which
the retailer’s target profit satisfies n(Kpg) = ng + % (;’—2 + nR>. By solving the equation,
we get
Vo > A Amauy

In the pooling equilibrium, both types accept the contract offer. However, the category
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BH (Kpg)—/(B¥ (Kpg))2—4Kvyvof

captain chooses the variety level n” (Kpg) = Son

when consumers

are H-type and n*(Kpg) = ng + % (3—2 + nR> otherwise.

Before we start the proof of the Proposition 3, it is useful to prove the following lemma.

Lemma 5 aKgi(A) > 8K§f(A) >0

Proof of Lemma 5: We use the following derivatives: 2582 — ymy — Vmﬁ:g’ and 2&re —
: & © TN T VATA on

m — 8w _ By, First, recall that n’ is an upper bound for np. We show that 2Z522@A) -

Avg X OR- ) R pp R- oA
even we assume that ng = nk. If we replace ng with its upper bound, we get aKg—i(A) >
/m [\/m— g;’—g . Because nﬁ = ,/%”;’—2 22 > (0 we have /m > ,/6”0 and therefore
) VBT
Mg—im) > 0. Now, consider 8{5% =m — “ =" Because nl, = W:—g T, we can
rewrite 8Kg—’1’;(A) m — HLA;’—; - /\fAngp. Because nf, < ng, A > 0, and vy > v, we can
OKsg(A) _ 0Kpgr(A)
conclude that SE— > —5T—. [ |

Proof of Proposition 3: Let us define Q (A) = aKgg (A) + (1 — a) 115 — Kpg (A). First,
we are going to show that €2 (A) is positive for A = 0.

Step 1. Q(0) >0

Proof of Step 1: Rewrite Q(0) = o [Ksg (0) — Kpg (0)] + (1 — o) [IIk — Kpg (0)]. By
definition, 1% > Kpp (0). Let K be the profit level such that n(K) = nl(Kpg(0)).
Because n (K) = n(K’) implies K > K’ for all K and K', we have K > Kpp(0). Because
nf(Ksg(0)) = nfp, we have Kgx(0) > K. Then, Kgp(0) > Kpg(0). Hence, 2(0) > 0.

Next, we show that the slope of Q (A) is always negative for sufficiently small .

— 80(A)
- < 0.

‘ . o : 90N 9K OK
Proof of Step 2: By taking the derivative with respect to A, we get == = a3 — 528,

By Lemma 5, we know that 8KSE(A) > 6KPE(A) > 0. Let o (A) be such that 8%5\/\) = 0 holds.

That is,
OKpE _Bw _ B8
a(A) =28 = M Ny, TR
IKsE mB 0
OA _ YH_
m = "757a
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Observe that « (A) is a monotonically decreasing function of A. Because €2 (A) is defined

over the range [0,A], a (A) gives us the lower bound of o (A). Notice also that 0 < a(A) < 1

: 0Ksp(A) _ 0Kpg(A) :
since =35~ > —5r— > 0. Hence, if
8
. - m — by <;}—2 + nR>
a<a=a«a (A) = g
V), v
m — by (i + TLR) i
then we have %XX) < 0. Note that if there is no information asymmetry (i.e., v, = vy ), then

a(A) = 1 which implies that the proposition holds for any «.
Step 2 implies that there is a unique solution A* such that 2 (A*) = 0. Therefore, the
retailer prefers the separating equilibrium if A < A* and the pooling equilibrium otherwise.

Proof of Proposition 4: First, suppose that consumers are H-type.
(i) and (ii): Take any A < A*. By Proposition 3, we know that the players play the
separating equilibrium. In the equilibrium, by Proposition 1, ncc = nfp. By Lemma 3,
nfl, < nl, (A) = np + % <;’—; +nR). Thus, ncc = nly < ng when A = 0. Let A; be
such that nf, (A1) = ng. Then, A; = m’% — \. Because nfl, (A) is an increasing function
of A and ng is constant, we know that such a A; exists. We have two cases: A* > A; and
A* < Ay If A* > Ay, then we have nge = nff, < ngp when A € [0, A1) and nge = nffp > ng
when A € [A;,A*). On the other hand, if A* < A; we have ncc = ni, < ng for all
A € [0,A*). Then, we can conclude that ncc = n, < ng when A € [0, min{A;, A*}) and
nr < nco = n¥p when A € [min{A;, A*}, A¥).
(iti): Take any A € [A*,A]. By Proposition 3, we know that the players play the pooling
equilibrium. The category captain accepts the contract offer and chooses the variety at
nee = n(Kpg).

Now, let K be the profit level such that nf/(K) = nX(Kpg). By definition of the profit

function, the retailer produces more profit (with the same level of the variety) when the
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consumers are H-type, i.e. nf(K) = nt(Kpg) = K > Kpg. Because [12, (ngp) > K, we
have 114, (nflp) > Kpg and, therefore, ny (Kpg) = ncc < nip.

Notice that when the category captain chooses n’(Kpg) the resulting profit for the
retailer has to be II#, (n"(Kpg)) = Kpg in the equilibrium. It is enough to show that
ng < Noc = nH(KpE) can never happen. On the contrary, suppose that ng < nge =
nf(Kpg). Then, we must have [T/, (ng) < 112, (nH(KpE)) = Kpp. If we write down the
closed form solutions of I, (ng) and Kpp we get the following condition after simplifying

v—(’—i—nR
Am @ZH——E SA[mﬂ—é<@+n3) (ﬂ—i—nR)}
UL—Z+nR Vg VH A VL, Vg

v

algebra

First, consider the right hand side of the inequality. We claim that

mﬂ—é (ﬂJrnR) (E‘i‘n]{) < 0.
VH A (8 Vg

vo

Suppose that is not the case. Then, Am—— EU > (3 has to hold, which contradicts
(oprm) (53 +nn)

with = dm|afg + (1 — «) fr]. Therefore, the right hand side of the inequality is negative.

204
Now, consider the left hand side of the inequality. It is not hard to see that > .

2o
L3y +ngr

;’—; > 0 since vy > vy. Because both Am > 0 and A € [A*,K}, we can conclude that the
inequality never holds. Thus, we have Kpp < I}, (ngp) and, therefore, ncc = n (Kpg) <
ng.

Now, suppose that consumers are L-type. Then, in any separating equilibrium, the
category captain who faces with L-type consumers rejects the contract offer and the retailer
makes the variety decision after updating its belief on the consumer type. The optimal
variety for the retailer in this case is noc = nﬁ. Because nIL% > ng for any A < A, we have
nce > ngr. The category captain chooses the variety at ncc = ng + % (;’—2 + nR> in the
pooling equilibrium. It is clear that nce > ng for any pooling equilibrium. Thus, if the

consumers are low type, ncc > ng. B

82



B. Special Cases

I. H = L and A > 0. The retailer’s problem in the RCM case reduces to max,, Am|[-—2—]—/n

vo+nv
where vy = vy, = v. It is straightforward to show that the optimal variety for this problem

iSnp = /\Fm

<5

_ %
e
Because there is no uncertainty and the category captain can drive additional traffic into

the category the retailer always prefers to the category captainship practice. The retailer will

choose its optimal target profit level as if it is maximizing a problem similar to the one above:

g

o

max, (A + A)m[—"2—] — fn. The optimal solution for this problem is ncc =

_ Yo
vo+nv v

<]

Clearly, A > 0 implies ncc > ng.

II. H > L and A = 0. By Proposition 3, we know the retailer prefers the separating
equilibrium. The resulting variety in the separating equilibrium is given by n#, if consumers
are H-type and n% if they are L-type.

Recall, by Lemma 3, that 7k, (A) > n, (A) > nlf, (A). These inequalities reduce to
nEp(0) = 74 (0) = np > nf,(0) when A = 0. It is also straightforward to see from Lemma
1 that nk > np since the solution for nk corresponds to the case where the retailer maximizes
its RCM profit as if @ = 0. Therefore, we can conclude that n% > ng > nf, when H > L

and A = 0.

C. Supplement for Extensions

Category Captain Selection. When all the manufacturers are homogenous, the question
of which manufacturer becomes the category captain is not meaningful. In order to gain some
insights on which manufacturers are better suited to become category captains, we consider
an extension of our original model where one of the manufacturers differs from the other
manufacturers. First, in Model TA, we consider a model where one of the manufacturers
offers a product with higher attractiveness compared to the other products in the category.
Second, in Model 1B, we consider a model where one of the manufacturers can drive more

traffic into the category when compared with the other manufacturers in the category.
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IA: Manufacturers with Nonidentical Attractiveness:

In this model, we assume that one of the manufacturers offers a product with higher
attractiveness compared to the other manufacturers’ products. We keep all the other as-
sumptions regarding the cost and information structure as in our original model. We capture
the difference between the attractiveness levels with parameter ; that is, one of the manu-
facturers offers a product with attractiveness v; + § and the remaining manufacturers offer
products with attractiveness v;. Suppose that in the category captainship scenario, in addi-
tion to setting the target profit for the category captain, the retailer also faces the decision
of which manufacturer to designate as the category captain. We compare the model where
the retailer chooses the high attractiveness manufacturer (with attractiveness v; + 9) as the
category captain with the model where the retailer chooses one of the other manufacturers
(with attractiveness v;) as the category captain to understand the drivers behind retailer’s
category captain selection problem.

First, we consider the model where the retailer designates the high attractiveness man-
ufacturer as the category captain. The category captain solves the following maximization

problem for a given target profit K:

A+ A)w(v; +9)

max
n vo + nv; + 0

ot (A + A) m(nv; + 6) s K
Vg + NU; + )

The category captain’s unique best response ns(K) is given by

Bs(K) — \/(Bs(K))? — 4KvBvy + 48v((A + A)m — K)o
2u0

n(;(K) =

where Bs(K) = (A + A) mv — Bvg — Kv — j39.
The optimal assortment selection of the category captain decreases in 6. The retailer

sets its target profit level to ensure that n¥, = ns(Kgg) in the separating equilibrium and
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ngr + (%)(5—2 + ng) = ns(Kpg) in the pooling equilibrium. The resulting profits for the

retailer under the separating and pooling equilibria are as follows:

Ksp(0) = (A+A>m+ﬁ(”°£5>—2\/(A+A>m6§—;

B Vo A Am(A + A)vg
Kpp(0) = (A4 Mm—p (_ + "R) A A+ N+ AN)(vo + ngor) .

vrL

It is easy to show that both Kgg(d) and Kpg(d) are increasing in §. Notice also that
Ksp(0) = Kgg and Kpg(0) = Kpg where Kgp and Kpg are the target profit levels when the
manufacturers offer identical products (i.e., as in our original model). Thus, we can conclude
that the retailer prefers an assortment that includes the product with attractiveness v; + o
over an assortment that excludes it.

Now, suppose that the retailer chooses a manufacturer other than the high attractiveness
manufacturer as the category captain. We consider the following two cases: (i) the category
captain includes the high attractiveness manufacturer’s product in the assortment and (ii)
the category captain excludes the high attractiveness manufacturer’s product. The latter
case is identical to the model in the original manuscript or, equivalently, to the model we
consider above with § = 0. In the former case, the category captain solves the following

maximization problem for a given target profit level K:

(A + A) wo;
max ————
n vy + nv; + 0
s.t. (A+ A) m(nvi +9) —fn>K
vy + nu; + 0

Notice that, this problem produces the exact same best response function ns(K) we found
above since the category captain’s constraint, which remains the same in both cases, deter-
mines the solution. Thus, the retailer collects the same profit if the category captain includes
the high attractiveness manufacturer’s product in the assortment. The only difference be-

tween this case and the case where the high attractiveness manufacturer is the category
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captain is the profit of the category captain.

If the retailer chooses a manufacturer other than the high attractiveness manufacturer,
the category captain has an incentive to exclude the high attractiveness manufacturer from
the assortment since higher attractiveness of rival’s product hurts the category captain’s
profit. However, anticipating this incentive, the retailer will set the target profit level high
enough that the category captain will have to include the manufacturer with high attrac-
tiveness in the assortment. Therefore, we conclude that the retailer is indifferent between
selecting the high attractiveness manufacturer or any of the other manufacturers as a cate-

gory captain as long as the high attractiveness product is included in the assortment.

IB: Manufacturers with Nonidentical Ability to Increase Category Traffic:

In this model, we assume that one of the manufacturers can drive more traffic into the
category than the other manufacturers. All of the cost and information structure assumptions
in this extension are the same as the ones in our original model. We assume that while one of
the manufacturers can increase the category traffic by A, all other manufacturers can increase
the category traffic by A (where A > A). As before, suppose that in the category captainship
scenario, in addition to setting the target profit for the category captain, the retailer also
faces the decision of which manufacturer to designate as the category captain. We compare
the model where the retailer chooses the manufacturer who can increase category traffic
by A as the category captain with the model where the retailer chooses one of the other
manufacturers (i.e., category traffic increases by A).

First, consider the model where the retailer designates the manufacturer that can drive
A as the category captain. The category captain solves the following maximization problem

for a given target profit K:

</\ + /~\> wW;
max -
n Vg + NU;
()\ + /~X> MNY;
s.t. —pfn>K
Vo + nv;
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This problem is same as the one we consider in the original manuscript. Thus, the equilibrium

profits are

Ksp(A) = [,/(AJJ\)m—\/%r
Kpp(A) = ()\+/~\)m—M—ﬂ<nR+é(g—o+nR>>.

OKsp(A)

By Lemma 5 (which is in the appendix of original manuscript and states that ==3%

>
Mg—f‘;(A) > 0), we know that both Kgg(A) and Kpg(A) are increasing functions of A. Thus,
the retailer is better off by choosing a category captain that can drive more traffic into the
category.

The results in models TA and IB suggest that the retailer prefers to choose a manufacturer
who is able to put something unique to the table while considering the category captain
selection problem. In Model TA, the manufacturer with high attractiveness is not at an
advantage because the first product can be included in the category regardless of whether
the high attractiveness manufacturer is selected as a category captain or not. What matters
for the retailer in Model TA is whether the high attractiveness manufacturer is included in
the category or not: the retailer is better off if the manufacturer with high attractiveness
product is included in the assortment. On the other hand, if a manufacturer has a unique

characteristics such as being able to increase traffic more than the other manufacturers as in

Model IB, then the retailer would prefer that manufacturer over the other manufacturers.

Multiple Manufacturers Each Selling Multiple Products. Consider a two stage sup-
ply chain model where two competing manufacturers, each offering multiple products, are
selling their products to the consumers through a single retailer. For simplicity, we assume
that every product is equally attractive, both manufacturers’ production costs are normal-
ized to zero, both manufacturers sell to the retailer at the wholesale price w, and the retail

price of each product is r. Let v denote the attractiveness a product (which is assumed to be
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same for each product) and vy be the attractiveness of the no-purchase option. Notice that
these assumptions imply that the products of the manufacturers are perfect substitutes from
the retailer’s point of view. The consumers can either buy one of the products by the first
or second manufacturer or decide to leave without a purchase. Let also n; and ny denote the
number of products offered by the first and second manufacturers, respectively. We assume
that both manufacturers’ product offerings are finite, that is, n; < ny; and ny < ny. We also
define the retailer’s profit margin as m = r — w.

Given these assumptions, when the retailer offers n; and ns products from the first and
second manufacturers, respectively, in the category, the average total demand for the first

and second manufacturers are

nv
Vo + (n1 + TLQ)U

nov
Vo + (n1 + HQ)U.

@ =\ and ¢ = \

In retail category management scenario, the retailer sets the variety levels n; and ny by

solving the following optimization problem:

(m + ng)U
max Am
n1,me vo + (ng + na)v

= B(n1 +ns) (1)

where the first part is net profit from sales and the second part is the cost of managing
variety for the retailer. Let n = ny; + ng be the total number of products to be offered in
the category. Then, the retailer’s problem in (1) coincides with the retailer’s problem in
our original model. When all the products have equal margins and equal attractiveness,
we get multiple solutions of the type n; 4+ ny = constant since manufacturers’ products are
perfect substitutes from the retailer’s point of view. The optimal solution for (1) requires

the following first order condition to hold.
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Suppose that the retailer decides to use some allocation rule where the retailer allocates a
fraction 7 € [0, 1] to the first manufacturer’s products and 1 —7 to the second manufacturer’s
products. Then, the retailer’s choice regarding the mix of products is as follows: ngp =
min {ny, 7nr} and negr = min {ny, (1 — 7)ng}. Because n; < Tng would generate a trivial
outcome (solution would be on the boundary), we focus on the more interesting cases where
ny > TNR.

As in our original model, we assume that the category captain can drive additional traffic
into the category and increase the rate of consumers into the category by A. Because there
is no uncertainty and the category captain can drive additional traffic into the category, the
retailer always prefers implementing category captainship. The retailer chooses its optimal
target profit level as if it is maximizing a profit similar to the one in (1). This is because when
there is no asymmetric information the retailer can achieve its first best (i.e., the retailer
can extract the entire surplus from implementing category captainship and leave the captain
indifferent) by using target profit contract (see the special case for symmetric information

in appendix B in the paper). The retailer’s problem is

max (A + A)m (1 + n2)v

ni,ne Vo + (nl 4 TLQ)U - B(nl + TLQ). (3)

The optimal solution to this problem needs to satisfy the following condition:

A+ A
ne = nic + koo = G+ Am )m@_@‘

15} v v

Notice that ng > ng, which is due to the adjustment effect. Now suppose that the retailer’s
first best choice would follow the same arbitrary allocation rule as before. That is, to allocate
the total variety where a fraction 7 is allocated to the first manufacturer and 1—7 is allocated
to the second manufacturer. The retailer’s optimal assortment mix choice if the retailer could
drive the additional traffic to the category itself would be given by n;c = min {n;, 7n¢} and

noc = min {79, (1 — 7)nc}.
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Suppose that the first manufacturer is assigned as the category captain. The category

captain’s profit in the category captainship game is

niv

meo(ng,ng) = (A + A)wv0 oy r———

The category captain has an incentive to decrease ns and increase ny as much as possible.
Therefore, the category captain recommends that all of his n; products are offered and in
addition nc—n; of the non-captain manufacturer’s products are offered. There are two cases:
nc—ny > (1—7)nc and nc —ny < (1 —7)ne. Remember that (1 — 7)ne is the allocation of
the non-captain manufacturer’s products to be included in the retailer’s first best assortment.
In the former case, there is no room for competitive exclusion. In the equilibrium of this
case, the category captain recommends all of its products (i.e., n;) and ng —ny of the second
manufacturer’s products. Because nc — iy > (1 — 7)n¢, the second manufacturer benefits
from the category captainship practice. However, in the latter case, the category captain’s
decision results in exclusion of the second manufacturer’s products from the assortment
since nc — 1y < (1 — 7)ne. Furthermore, in this case, if (1 — 7)ng > ng — g > (1 —
T)ng, then the second manufacturer would benefit from the category captainship practice.
More generally, it is straightforward to see that wo(ny,nc — ny) > me(mne, (1 — 7)ne) and
e (ny,ne — ny) = He(mne, (1 — 7)ne) where T denotes the retailer’s profit under the
category captainship practice. That is, when the optimal choice of the assortment requires
ne products in the category, the retailer is indifferent between any assortment mix (nq, ny)
as long as n; + ny = ng but the category captain prefers to include all of its products in
the assortment and none of its rivals. This implies that unless the incentives of the retailer
and the category captain are perfectly aligned (that is, 7 = 1) there is room for competitive
exclusion.

Manufacturers with Nonidentical Attractiveness. Consider a supply chain model that

consists of multiple manufacturers that are potential candidates for selling their differenti-
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ated products to consumers through a common retailer. As in our original model, each
manufacturer offers one product only. Let N = {1,2,...,n} denote the set of manufacturers.
The retailer faces the decision of which manufacturers’ brands to offer to its consumers. Let
S C N denote the subset of variants that retailer decides to include in the retail assortment.
A customer either purchases one of the variants in S or does not purchase anything. Let
variant 0 represent the no-purchase option for the consumers with attractiveness vg. We
assume that vy > v9 > v3 > ... > v,.

Given the choice set S and the no-purchase option 0, let ¢;(S) denote the market share

of manufacturer ’s product. Then, ¢;(S) = v where Vg = vo + > gV according to our

jes
demand model in the paper. Let A denote the rate of customers entering the store, w denote
the wholesale price (same for all products), and m denote the retailer’s net profit margin
from a product in the category. We normalize the manufacturers’ production costs to zero.
In addition, we assume that the retailer incurs an operational cost o(¢g) = Bps where ¢g

denotes the number of products in the assortment set S.

In the RCM scenario, the retailer decides on an assortment set S to maximize its profit:

max Am Z ;—; — Bog (4)

€S

Result 1 Retailer’s optimal assortment is in the attractive assortment set P = {{},{1},{1, 2},

1,2, n)),

Proof. First, consider the retailer’s profit when the retailer offers assortment S (which is
arbitrary), that is
Am(Vs — wvg)

I'(S) = v Bos. (5)

Now, suppose that the retailer adds one more product, say product j with attractiveness v;,

to the already existing assortment S. That is the retailer offers assortment S; = S U {j}.

Let us denote the retailer’s profit with assortment S; as I1°(v;). Then, the retailer’s profit
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with assortment .S; is given by

I(S,) — Amu; Am(Vs — wp)

= — 6
VS + ’Uj VS + ’Uj B¢S ( )

Let h’(v;) = I1°(S;) — I1°(S) be the difference in the profit of the retailer with and without
the product j. If h®(v;) is positive, then it is profitable to add product j to the assortment.

By substituting (5) and (6) we get

he(v.) = — 7
From differentiation,
On(v;)  Amugy; (8)
an a (VS + Uj)Q ’

Because h’(v;) > 0,Vv; € [0,00), we can conclude that h°(v;) is monotonically increasing
in v; on the interval [0, 00). This implies that if the retailer decides to add a product to the
already existing assortment, the retailer will add the product with the highest v; (among
the remaining products) to the assortment. m

In the category captainship scenario, the retailer delegates the assortment selection de-
cision to the category captain (i.e., the first manufacturer). Both the category captain and
the retailer have the same information about the consumers (i.e., symmetric information)
but the category captain can increase the rate of customers purchasing from the category.

As in our original model, we denote this increase by A.

Result 2 In the subgame perfect Nash equilibrium, the category captain’s recommended as-

sortment is in the attractive assortment set P.
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Proof. The category captain solves

WU
max AN
(%
s.t. m()\JrA);VS—/BqSSZK

First, notice that the category captain’s profit is decreasing in the number of products
offered in the category. Second, if there are two sets of products with same number of
products offered in each, the category captain chooses the one with the lowest V. Because
the category captain’s profit is decreasing in Vg, the solution for the optimization problem is
determined by the constraint. Because all the products have different attractiveness levels,
each assortment set S with the same ¢g has a unique V. Because the number of feasible
assortment sets are finite, the category captain’s solution exists. Let S(K) be the optimal
assortment recommended by the category captain when the retailer’s target profit is K. In
the equilibrium, the retailer will consider each of Vs possibilities and choose the target that is
equal the highest possible profit. Let this profit be K*. We claim that S(K*) € P. Suppose
not. Then, we can proceed as in the proof of Result 1 and show that there is contradiction
with S(K™*) being in the most attractive set. m

Notice that this result does not claim that the recommended assortment is in the attrac-
tive assortment set P for any target profit level K. The category captain’s recommended
assortment with target profit level may not be in the attractive assortment set P for arbi-
trary K. However, for K large enough, the recommended assortment is in the attractive
assortment set P. Since the retailer pursues the largest possible K, in the equilibrium the
category captain’s recommendation of assortment lies in P.

While the competitive exclusion effect does not reveal itself in the extension described
above due to the absence of asymmetric information, the inclusion of asymmetric information
into this model would result in competitive exclusion. In a separating equilibrium, since the

information would be fully revealed, the competitive exclusion would not be a major concern.
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We conjecture that the recommended assortment will be in the attractive set. In a pooling
equilibrium, however, the competitive exclusion would become a serious issue because the
retailer would set its target to ensure that the low type category captain is indifferent between
accepting and rejecting the contract. In this case, the high type captain might be able to
deliver the target profit set by the retailer with multiple different assortments. If that is the
case, the captain would prefer recommending an assortment that has the lowest Vg, which
would be a deviation from retailer’s preferences toward an assortment in the most attractive
assortment set. Therefore, in a pooling equilibrium, we conjecture that the recommended
assortment might not be in the attractive set.

We conducted a numerical study to confirm our intuition. We assume that v; = v 4 §;
with §; > 05 > ... > dn. As in our original model, we assume that while the category captain
knows the consumer type, the retailer’s prior beliefs are such that v = vy with probability «
and v = vy, with probability 1 — a. We assume that there are eight manufacturers that want
to sell their product to consumers through the retailer, that is N = 8. We use the following
parameter set in our numerical study: A = 100, m = 5, w; = 4, vg = 12, vy = 5, v, = 2,
a=0.5, =10, and 6; =5, 6y = 4.5, 03 = 4.2, 04, = 4, 05 = 3.5, d¢ = 3, 07 = 2.4, Ig = 2.
With this set of parameters, it is optimal for the retailer to offer the six products with the
highest attractiveness in the RCM scenarios. Under category captainship, the assortment
outcome depends on the parameter A which measures the category captain’s traffic driving
ability. For example, for A = 10, the retailer prefers separating equilibrium. In this case,
if the category captain accepts the category captainship contract (i.e., if consumers are L
type), the retailer offers the all products in the category. The additional traffic allows the
retailer to expand its assortment offering. If the category captain rejects the contract (i.e.,
the consumers are H type), the retailer infers that consumers are H type and offers the five
products with the highest attractiveness.

If, on the other hand A = 20, the retailer prefers pooling equilibrium. In this case,

if the consumers are L-type, the category captain recommends an assortment with the six
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most popular products and if the consumers are H-type, the category captain recommends
an assortment that include the first, third and seventh products only. This confirms our
intuition that under a pooling equilibrium the recommended assortment is not in the popular
assortment set and some of the popular products might be excluded from the assortment.
To summarize, we conclude that depending on the type of equilibria that will be preferred
by the retailer, the category captainship might result in different types of products being
excluded from the assortment. If the captain’s traffic driving abilities are limited (i.e., the
retailer prefers separating equilibria), the category captain will exclude the products with
low attractiveness whereas if the captain’s traffic driving abilities are significant (the retailer

prefers pooling equilibrium), the captain might exclude the high attractiveness products.
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CHAPTER IV

PRICE DISCRIMINATION IN QUANTITY COMPETITION

Introduction

Many firms operate in markets that are subject to demand uncertainty. Also, many firms
operate in markets with different variety of consumers. Naturally, markets that contain both
of these structural elements create an incentive conflict for the firms. On one hand, firms
that face uncertainty choose sub-optimal strategies, which results in profit losses, in order
to smooth their strategies across different market outcomes.! On the other hand, firms that
face different variety of consumers tend to discriminate consumers by offering different prices
in the hope of capturing higher surplus.?

Examples of firms competing in markets that have demand uncertainty and possibility
of price discrimination can be seen in various industries such as passenger transportation,
hotels, and automobile rentals.® Especially, passenger transportation industries (airlines,
trains, buses, etc.) where firms compete for seats offered for a specific route are good
examples of such settings. For instance, airline tickets are sold in unit quantity and it is a
common practice that airlines price discriminate. There are also different type of consumers
(e.g., people who only fly in business class no matter what the ticket price is, or people who
can go with either business or economy, depending on the price) in the airline transportation

market as well as the demand uncertainty.

IFor instance, in a Stackelberg environment, Anand and Goyal (2009) examine the incentives of competing
firms when the information about the demand uncertainty is asymmetric. Their model predicts that firms
in this environment choose sub-optimal quantities (comparing with the complete information benchmark)
and make less profit in the presence of information asymmetry.

2For example, Hazledine (2006) and Kutlu (2009) extends the standard quantity competition models by
introducing price discrimination to an exogenously determined number of markets.

3While these industries have other characteristics of price discrimination, such as the airlines use other type
of travel restrictions (e.g., Saturday-night stay-overs) on discount fares and advance purchase requirements,
they seem to satisfy the spirit of our assumptions.
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This paper focuses on the incentive tradeoff between demand uncertainty and price dis-
crimination. Motivated by this tradeoff, the goal of this paper is to better understand the
consequences of exogenously enforced price discrimination. In particular, we consider a lin-
ear demand duopoly model in which two firms engage in quantity competition over two
varieties of a product. In our quantity competition setting, the question of how prices are
determined if firms do not set them directly arises naturally. A general answer to these types
of questions is provided by Kreps and Scheinkman (1983), who showed that the quantity
competition outcome is equivalent to the outcome of a two-stage game in which firms decide
on production capacity in the first stage and subsequently compete in prices. Our setting fits
better to the environments in which the total capacity is relatively inflexible vis-a-vis price
changes. By changing the timing of the model, we consider the incentives of the duopoly
firms under both Cournot and Stackelberg settings. Depending on the timing of the model
we find and compare the relevant equilibrium outcomes.*

An important aspect of our model is that we allow demand interdependence between
two varieties of the same product. We incorporate such an interdependence by allowing
three different types of consumers in the demand model: loyal consumers for a variety and
switchers, who can potentially purchase both of the varieties. The existence of three types
of consumers produce a demand behavior where the cross price effects between varieties are
asymmetric. Such a demand behavior is consistent with the empirical results in the marketing
literature. For example, Blattberg et al. (1995) study the empirical generalizations on
promotion effects and show that cross-promotion effects are asymmetric and promoting a
higher-priced (higher quality) brand impacts a lower-priced (lower quality) brand more so
than the reverse. This phenomenon, which is known as the asymmetric price effect, is
documented by Blattberg and Wisniewski (1989) and has been extensively studied in the

literature.®

4For instance, we find perfect Bayesian equilibria for the Stackelberg game with asymmetric information
whereas we only need the standard Nash equilibrium for the full information Cournot game.
5See for example Sethuraman et al. (1999) and the references therein.
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There is a small literature on the theory of price discrimination in oligopolistic set-
tings. Borenstein (1985) examines third degree price discrimination in the Bertrand model.
Holmes (1989) compares the impact of the third degree price discrimination on monopoly and
duopoly outcomes when a market can be split into two independent markets. Corts (1998)
identifies a situation in which price discrimination is a prisoners’ dilemma for duopoly firms.
There is also a recently developed literature of price discrimination in oligopolistic quantity
competition settings. In particular, Hazledine (2006) and Kutlu (2009) examine the second
degree price discrimination in the Cournot and Stackelberg competition models, respectively.
This paper diverges from the literature by allowing asymmetric cross price effects between
markets. In addition, we examine the equilibrium behavior of the duopoly firms in the pres-
ence of demand uncertainty, which is generally not the case for the models in the literature.
Another stream of papers directly related to this paper are located in the revenue manage-
ment literature, which can be summarized as the use of market segmentation and assigning
quantity limits on each fare to generate maximum profit. Dana (1999) presents an oligopoly
model of price discrimination with uncertain demand in which competition increases the dis-
persion of prices. We diverge from this line of research by allowing firms to compete in a
market where two different varieties of the same product exist.

This paper extends the standard Cournot and Stackelberg competition literatures by
characterizing the equilibrium outcomes in the presence of multiple varieties. Our results
provide intuition on whether the firms that engage in quantity competition choose to practice
price discrimination. In the earlier literature, the results of Hazledine (2006) and Kutlu
(2009) are conflicted about the optimal quantity behavior of the firms. While Hazledine
(2006) shows that all firms choose to price discriminate in the Cournot setting, Kutlu (2009)
points out that only the follower price discriminates in the Stackelberg setting. We contribute
to this line of research by showing that a firm chooses not to practice price discrimination

when the firm is the leader in the market and the cross price effects between varieties are

6See Dana (1999) for a nice review of the revenue management literature.
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one sided.” If the leadership is not established in the market or the cross price effect is not
one sided, then price discriminating is a dominant strategy for both firms. We also show
that the existence of switcher type of consumers is crucial for the price differences between

the varieties in the equilibrium.
Demand Model

There is a product characteristics z and the unit line [0, 1] is the characteristics space.
There are two variants, which are represented by the points B € [0,1] (business variant)
and E € [0,1] (economy variant) in the characteristic space, with B # E. For simplicity,
we assume that the variants are located on the boundaries of the characteristic space, i.e.,
B =0 and E = 1. Three types of consumers exist: (i) business loyal (Lg), (ii) economy
loyal (Lg), and (iii) switcher (S). Business loyal type of consumers purchase either one unit
of the variety B or nothing, economy loyal type of consumers purchase either one unit of the
variety E or nothing, and switcher type of consumers purchase either one unit of B or E, or
nothing.

There is a continuum of consumers with type k € {Lp, Lg, S}, who are differentiated
by their most preferred characteristic points, distributed according to uniform distribution
over the characteristic space. Each consumer purchases one unit of the variant which offers
the greatest utility. The utility of the consumer with type k, who is located at x (where z
corresponds to his most preferred point) and purchasing the variant i € { B, E'}, is given by

Uk(x) = of — 04P, — td(x, ) 1)

7

where vF representing the reservation value of the type k consumer from the consumption
of the variant 7, t is a positive constant, and d(x,7) is the ideological distance between the

consumer located at z and the variant i. The parameter 6% measures the price sensitivity of

"We say the cross price effect is one sided if the change in the price of a variety effects the demand of the
other quantity but not wvice versa.
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the type k consumer who purchases the variant i. Hence the first two terms in (1) can be
seen as being common to all consumers. By contrast, the last term differs across consumers
and it measures a consumer’s disutility from not buying the ideal variant. We assume that
the loyal consumers receive a negative utility by consuming the product that they are not
loyal to. That is, viLj < 0 for i,j € {B,E} and i # j. Figure 10 represents this market
structure. While the switchers decide whether to buy the business variant or the economy
variant, the loyal consumers decide whether to buy the variant that they are loyal to or not

to buy at all. In particular, a business loyal consumer, who is located at x, solves
ULs (1) = max{0, UL" (z)} = max{0,v5? — 04° P — tz}
and an economy loyal consumer, who is located at z, solves
ULE (2) = max{0, ULF(2)} = max{0, v® — 05" Pp — t(1 — x)}
whereas a switcher consumer, who is located at z, solves
U (x) = max{0,UL" (x), UL" (2)} = max{0,v3 — 03 Pp — tz, v — 05 Pp — t(1 — z)}

when facing the prices of Pg and Pg.® In order to avoid boundary issues, we assume

t > max{Vi? Ve VS VY

throughout the rest of the paper, where V;¥ = v¥ —0*P, for k € {Lp, Ly, S} and i € {B, E}.
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Figure 10: Demand Model

We can define the market space of the variant i from the k-type consumers as
M} ={z €[0,1] : Uf(z) > max{0, UF(x)}}

where i # j € {B,E} and k € {Lp,Lg,S}. Then, the demand for variant i from k-type

consumers 1s

k_ t+oF—ob gk 0% .
Qi = L — P+ 2P, ifk=S, and
0, if k=L;.

There is a dependence (i.e., M5 + Mg > 1) between the two variants’ demands when the
prices are low. However, when the prices are high enough, the two markets are separated

(i.e., M3 + M3z < 1). In particular, if

03P + 05 Pg > v% + 5 —t

then the demand for each variant is independent from the price of the other variant and

8Notice that d(z, B) + d(z, E) = 1 since we assume that B and E are located on the two edges of the unit
interval.
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equal to

o % %P ifke{L;,S}and
z 0, ith=1L,

Throughout the rest of the paper, we restrict our attention to the more interesting case
where there is a dependence between the two variants’ demands. That is, we consider only
the set of prices that satisfy the inequality 03 Pp + 03P < v + vp — t.

Total demand for the variant ¢ is simply the sum of the demand for variant ¢ from each

consumer type and equal to

t+vd —vd + 208 95 4 2L 07
k

2t 2t ot 7

t+vffvf+2'uiL
2t
S

07 +20F

where 57

is the demand intercept, measures the own price effect of the variant

i whereas - measures the cross price effect. The existence of different price sensitivities leads
to a demand function with different cross price effects. In particular, the effect of a change
in the price charged to the consumers close to the variant B is different than the effect
of a change in the price charged to the consumers close to the variant E. Such a demand
behavior is consistent with the empirical results in the marketing literature, which names this

phenomenon as asymmetric price effect.” The inverse demand functions obtained through

these demand functions are

Py =0; —7iQi — 7105

for i € {B, E'}, where

(t+ v — v +20F)0F + (t +vf +0v])07

5@': )
050F + 005 + 20L0F

9See Blattberg and Wisniewski (1989), Sethuraman et al. (1999), and the references therein.
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S S
05 + 20].L 0%

i — t s and i — t J .10
T GS0L 1 9705 + 20707 19T GS0E 1 0R05 + 0F0F

Notice that the existence of loyal consumers ensures that the own price effect is greater than
the cross price effect, i.e., v;; > 7;;. We assume that J; = §; = 0 throughout the rest of the
paper. This assumption is only for convenience. It does not play any crucial role for the

results of the paper, however, it simplifies the analysis substantially.
Benchmarks

We focus our analysis on the markets in which two firms engage in quantity competition.
Depending on the timing of the setup, we can have either a model of Cournot competition
or Stackelberg competition. In particular, we consider a situation in which a leader firm
(L), who is already providing both varieties to a market as a monopoly, faces a follower
(F'). There is no cost of entrance for the follower. For simplicity, we assume that firms have
common marginal cost ¢, which is constant for all levels of production and small compared to
the demand intercept, i.e., d > ¢. Each firm has to decide on allocating their total production
to the two varieties, which is denoted by ¢* = (¢%, ¢%) where k € {L, F'}. We consider two
cases: (i) the follower cannot observe the quantity allocation decision of the leader (Cournot
competition) and (ii) the follower can observe the quantity allocation decision of the leader
before deciding on its quantity allocation (Stackelberg competition). The inverse demand
function of the variety i € {B, E} is given by the expression in (2), where Q; = ¢ + ¢F

denotes the total quantity supplied by two firms.

Cournot Benchmark

We first consider that the firms play a simultaneous move game and know the shape of
the demand for each variety. In the first stage, the leader decides how much quantity to

supply for each variety, i.e., ¢© = (¢5, ¢%). In the second stage, without observing the choices

10For convenience, throughout the rest of the paper, we use ¢ and j for generic names of the two different
varieties. That is, i,j € {B, E} and i # j.
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of the leader, the follower decides on its allocation ¢ = (¢5,¢%). Because there is no
information transition from the first stage to the second this setting technically corresponds
to a simultaneous move game.

When the leader and the follower chose allocations ¢ and ¢F, respectively, the profit for

the firm k € {L, F'} under the Cournot competition is

Ik = H;E%X Z (P, — c)qfC = Z [0 — ¢ = 7uQi — 7, Q] Qfa

i€{B,E} i€{B,E}

which leads to the first order conditions

o1k
¥ =6 — ¢ —7iQi — 7i;Q; — Vi) — %iqﬂk =0

for i € {B,E} and k € {L, F'}. The solution to these first order conditions determines the

reaction functions and the equilibrium quantity choices of the firms for each market.

Proposition 1 When the firms engage in Cournot competition under complete information,
the unique Nash equilibrium strategies of the firms, the market prices, and the firm profits
are
—c §—c)?
af =%5%f; and 11F = Eg[Agh),

P, = clvif; + i fi) + 01 — vaif; — vis fil

where i € {B,E}, k € {L, F}, and

fi= 3% — 2% — Vi
J 47“.7”. _ (’Yij + ’in)Q + (%‘ﬂjj;%‘j%‘i)

This benchmark result is consistent with the results in the previous literature. First, it
is straightforward to see that ¢f > 0 for i € {B, E} and k € {L, F'} because v; > v;; and

Vii > 7Vji, which is a result of common demand intercept assumption and the existence of
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the loyal consumers. Second, when there is only one variety, the results in Proposition 1
coincide with the original Cournot model outcome. That is, when the own price effect of the

variety j approaches to infinity (vy;; — 00), the equilibrium quantity decisions of the firms

d—c

approach to the Cournot equilibrium outcome (¢gF — 3

). Similarly, if there are no cross
price effects (i.e., 7;; = 0), the solutions in Proposition 1 coincide with the classical Cournot
model results in which two firms compete in two independent markets. Third, the results
in Proposition 1 are also consistent with the ones in Hazledine (2006) when the number of
markets in Hazledine (2006) is restricted to two. If the cross price effects are asymmetric
in such a way that the quantity of a variety affects the price of the other variety but not
vice versa, then the solutions in Proposition 1 coincide with the ones in Hazledine (2006).
In particular, when 717 = 22 = 721 = 1 and 732 = 0, the results in Proposition 1 reduce to
g = @ and ¢§ = % = %¢ which is identical to the ones in Hazledine (2006) under the
restriction that there are two markets.

Proposition 1 suggests that unless the cross price effect is one sided (i.e., 7;; = 0 and
v > 0), firms that are engaged in Cournot competition under complete information prefer

to supply both varieties while differentiating their prices. A comparison of the equilibrium

prices between two varieties reveals the following corollary.
s S o c c
Corollary 2 07 > 07 implies Py > Py

where ch is the complete information Cournot game equilibrium price for the j-th variety.
Intuitively, as long as the own price effects dominate the cross price effects (i.e., v;; > 7i5),
the market price is higher for the variety that has higher price sensitivity of the switchers

(i.e., 67). This intuition holds for all possible non-negative levels of the own price effects.

Stackelberg Benchmark

In this section, we focus on the situation that the leader and the follower engage in a

Stackelberg type of competition where they move sequentially, rather than simultaneously.
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In particular, we consider the same setting as in the Cournot section but change the timing
of the game. The leader decides on allocation strategy ¢” in the first stage. However this
time, in the second stage, the follower decides allocation ¢ only after observing the strategy
choice of the leader.

We find the subgame perfect Nash equilibrium by solving the game backwards, starting
with the follower’s problem. The profit for the follower when the allocation choices of the

leader and the follower are ¢ and ¢%', respectively, is

¥ = max (P, —c)ql = Z [0 — ¢ —7iQ:i — 75Q;] 4

i€{B,E} i€{B,E}

which leads to the following first order conditions:

on” FoaF
oqF 0 —c— Qi — Q5 — vudi — Vi, =0

for i € {B, E'}. The solution to these first order conditions determines the follower’s reaction
functions for each market. Let ¢"* = (¢f™*, ¢}™) be the best response strategy of the follower,
which solves the first order conditions of the follower’s problem. By anticipating best response

strategy of the follower, the leader solves

I = max Yo Pi-ogt= > [F-c—wild +a) —vila +q)] g
ie{B,E} i€{B,E}

to find its optimal allocation. The allocation that solves the first order conditions of the leader

simultaneously characterizes the unique equilibrium, which is summarized in Proposition 2.

Proposition 2 When the firms engage in Stackelberg competition under complete informa-

tion, the unique subgame perfect Nash equilibrium strategies of the firms, the market prices,
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and the firm profits are

L _ d—c F _ d—c
q = %5°g9; and g = 5°hy,

HL _ (5—20)2 [hlghg] and HF _ (5—20)2 [hlzhz]

)

P = C[%z’gj;hj + ’Yij—gi;hi} +6[1 — %‘z‘gj;rhj — %j—gi;rhi]

where

Yii — Vij

9 =—"— .
Yii Vi — Yig Vi

The results in Proposition 2 are also consistent with the results in the earlier literature.
First, when there is only one variety, the results in Proposition 2 coincide with the original
Stackelberg model outcome. That is, when the own price effect of the second variety ap-

proaches to infinity (7,; — 00), the equilibrium quantity decisions of the firms approach to

d—c

¢ and ¢f — 27¢). Similarly, if there are no

the Stackelberg equilibrium outcome (g —
cross price effects (i.e., 7;; = 0), the solutions in Proposition 2 coincide with the classical
Cournot model results in which two firms compete in two independent markets. Second, the
results in Proposition 2 are also consistent with the ones in Kutlu (2009) when the number
of bins in Kutlu (2009) is restricted to two. If the cross price effects are asymmetric in such

a way that the quantity of a variety affects the price of the other variety but not vice versa,

then the solutions in Proposition 2 coincide with the ones in Kutlu (2009). In particular,

when 717 = 792 = 721 = 1 and 32 = 0, the results in Proposition 2 reduce to qf = % and
g5 = 2=¢, which is identical to the ones in Kutlu (2009) under the restriction that there are

only two varieties.

Finally, Proposition 2 suggests that firms that are engaged in Stackelberg competition
under complete information prefer to supply both varieties while differentiating between
prices as long as the cross price effects are small as compared to the own price effects.

A comparison of the equilibrium prices between two varieties reveals a result similar to
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Corollary 2,
Corollary 3 0]5 > 07 implies PjS > p?

where PjS is the complete information Stackelberg game equilibrium price of the j-th variety.
Intuitively, as long as the own price effects dominate the cross price effects (i.e., v; > 7;; for
i,7 € {1,2}), the market price is higher for the variety for which the price sensitivity of the
switchers is higher. This intuition holds for all possible non-negative levels of the own price
effects. Corollary 3 together with Corollary 2 highlight, perhaps surprisingly, that the order
of move is not crucial for the differences between equilibrium market prices of the varieties.

What matters ultimately is the price sensitivity of the switchers.

Analysis with Incomplete Information

In the previous section, we consider the effects of multi variety on the quantity com-
petition under complete information and found the benchmark results. When firms are
completely informed about the demand, the existence of a second variety increases the equi-
librium profits of both firms as compared to their profits in one standard quantity competition
profits, thanks to the firms’ ability to price discriminate. However, when one firm has incom-
plete information about the demand, the benchmark results are likely to move towards to the
standard quantity competition outcomes since the firms will choose sub-optimal quantities
in such situations. The surplus generating effects of price discrimination may be eliminated
by the loss generating effects of sub-optimal quantity choices. We first examine the effects
of incomplete information on the Cournot benchmark and later consider its effects on the

Stackelberg benchmark.

Cournot Competition with Incomplete Information

We model the effects of multi variety on the competition under incomplete information via an

asymmetric information Cournot game. In particular, we relax the symmetric information
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assumption and consider the Cournot duopoly model in which the inverse demand given by
P =06 — Qi — 1 Qj-

The intercept 4 is random and equal to 6" (high demand) with probability a and to 8* (low
demand) with probability 1 — «. Furthermore, we assume that information is asymmetric:
the leader L knows the true value of 8, but the follower F only knows the distribution of 4.
All other aspects of the game are common knowledge.

Naturally, the leader may want to choose a different quantity allocation if the demand is
high than if it is low. Let ¢/* and ¢’ denote the leaders’s quantity allocation choices when

the demand state is high and low, respectively. The leader will choose ¢"* to solve
" = max (6" — ¢ = 7iiQi — 7, Q5] 4"

for k € {h,(}. The follower should anticipate that the leader will tailor its quantity allocation

according to the demand state and solve

F_ h F I F
II" = max o Z (P'—c)g | +(1—a) Z (P —o)g;
i€{B,E} i€{B,E}

so as to maximize expected profit, where PF = §F — ~,;Q; — v;;Q; is the price of the variety
i € {B, E} when the demand state is k € {h,[}.

The first order conditions to these optimization problems are

_8HLk / Lk Lk

dq-* = ¢ —c—7Qi — Q5 — viuq;” — Vg =0, and
onrr

_8qF = p—c—7EQi] — 7, ElQ;] — %’iti - ’inqf =0

where E[Q;] = ¢ + El¢}] = ¢ + a¢t™ + (1 — a)¢! and u = ad" + (1 — a)d'. The first

order conditions of the firms determine their reaction functions. By solving the reaction
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functions of the firms simultaneously, we get the Bayesian-Nash equilibrium outcome, which

is summarized in the following proposition.

Proposition 3 When the firms engage in Cournot competition under incomplete informa-
tion, the unique Bayesian-Nash equilibrium strategies of the firms in each market, the market

prices, and the firm profits are

gt =1t fi 4 (85 — )by and  qf =52 f;,

k—e)(u—c -2 /1
[tk — © %(u )[fﬁgfz] and TIF = (uz) [f Jgsz
Pl = clyiify + v fi] + 0L = v fy = vig fi] + ulvi(hy = f3) + v (hi = fi)]
where k € {h,l} and

205 = Vi — i
45555 — (i + 75i)?

J

Proposition 3 shows that both firms prefer to supply both varieties, however, the leader
provides different quantities for different varieties, whereas the follower smooths out its
quantity allocation between the varieties. The leader takes advantage of the information
asymmetry by supplying more whenever the demand is high and less whenever it is low.
Notice that the expected quantity (i.e., E[¢F] = agt + (1 — a)g*') that the leader provides
for a variety is equal to the quantity provided by the follower for the same variety. Thus,
the leader and the follower earn the same profit in expectation. However, the existence of
asymmetric information leads to sub-optimal quantity choices for both firms. By comparing
the prices for two varieties, we can also conclude that the intuition in Corollary 2 is no more
valid when one of the firms has superior knowledge about the demand state. In the presence
of information asymmetry, not only the cross price effects but also the own price effects play

an important role in determining the difference between the price levels of the varieties.
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Stackelberg Competition with Incomplete Information

We now consider the effects of multi variety on the competition under incomplete information
when the firms choose their quantity allocations sequentially. As in the previous section, we
relax the symmetric information assumption and consider a Stackelberg competition model
with the inverse demand given by (2). We maintain all the modeling assumptions in the
previous section but change the timing of the model. Technically, this setting is a signalling
game in which the (informed) leader signals the demand state to the (uninformed) follower
by choosing its quantity allocation. Due to the nature of the game, we are interested in
the perfect Bayesian equilibria. As common in games of imperfect information, we focus on
separating and pooling equilibria. In this game, the leader has an incentive to mislead the
follower about the state of demand only when the true demand is high. Thus, it is reasonable
to expect that, in a separating equilibrium, for some set of parameters the low type leader
will sacrifice some profit for separation. Similarly, in a pooling equilibrium, the leader will
possibly prefer to decrease the competitiveness of the follower by maintaining information
asymmetry at the cost of losing sales when the demand is high.

Because the leader moves first and knows whether the demand is high or low, the
leader’s strategy choice generates a signal about the true state of the demand. A strat-
egy qF = (q¢F, ¢f) for the leader specifies a quantity allocation for each possible level of 5. A
strategy for the follower specifies a quantity allocation in response to the leader’s allocation
choice. Because the follower does not know the true intercept 5 , the follower must form some
conjectures (or beliefs) about 6 on the basis of the leader’s choice of quantity allocation. De-
fine point beliefs & = b(¢"), which assigns a unique type of the leader (level of intercept) to
each quantity allocation choice of the leader. Given the beliefs b(-), the expected profit for

the follower when the leader and the follower chose allocations ¢” and ¢*', respectively, is

nr = Z (P —c)q] = Z [b(qL) —c—7:Q; — ’Yij@j} q . (2)

i€{B,E} i€{B,E}
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Expected profit for the leader, who knows that the intercept of the demand is 4, chooses the

allocation ¢, and takes as the given strategy ¢'™* of the entrant, is

M= > (P-aa= ), [5 —c—yilai +ai") = vilaj + qf*)] qr- (3)
ie{B,E} ie{B,E}
As common in Bayesian games, there are multiple perfect Bayesian equilibria. We focus on

two types of equilibria: (i) separating equilibrium and (ii) pooling equilibrium.

Separating Equilibrium. In a separating equilibrium, the leader chooses a distinct al-
location in each demand state. The allocation decision of the leader shapes the follower’s
inferences about the underlying demand. In the equilibrium, the follower correctly infers the
true state of the demand from the leader’s choice of allocation.

We can construct a candidate separating equilibrium as follows. Consider first the deci-
sion problem of the follower, which is given by (2). Because the follower infers the true state
of the demand in a separating equilibrium and the leader knows that the follower can infer
the true state of the demand, the firms will make their decisions as if they are engaged in a
complete information Stackelberg competition. However, in order to ensure the existence of
the separating equilibrium, the equilibrium profits have to satisfy individual rationality and
incentive compatibility constraints.

As before, let ¢™" and ¢™ be the quantity allocation of the leader when the demand
intercept is high and low, respectively. Similarly, let ¢/ and ¢! be the quantity allocation
of the follower when the demand intercept is high and low, respectively. Because in a
separating equilibrium the follower correctly infers the true state of the demand, the first
order conditions for the follower’s problem, which are derived from the optimization problem
in (2), are

Fk
% =0 —c— V@i — Vi Q5 — ’Yiiquk - ’sz’CIJF =0
when the demand is & € {h,l}. Let ¢/* be the reaction function of the follower, which

solves the first order conditions of the follower’s problem. Then, the k-type leader’s optimal
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decision must emerge as a solution to the optimization program

I = max [0% — e = yalg™ + a™) = g™ + af™)]
i€{B,E}
together with the non-negativity and incentive compatibility constraints. We first find the
solution to the unconstrained case and later verify indeed this solution satisfies the incentive
compatibility conditions, hence it is an equilibrium. By finding the first order conditions for
the leader’s problem and solving them simultaneously, we get the equilibrium strategies in
Proposition 2.

The only remaining issue is to determine the conditions under which the allocations pro-
vided in Proposition 2 are indeed equilibrium allocations. To do that, we need to ensure
that these strategies satisfy the incentive compatibility and non-negativity constraints. Be-
cause g; > 0 and h; > 0, the solutions are all non-negative. Thus, we just need to consider
the incentive compatibility constraints, which are shown to be equivalent to the following

inequalities after a tedious algebra

o — ¢ B o —c
A
o —c

where 1 +74 = 2%. While the inequality on the left ensures that the high type leader
does not find profitable to mimic the low type, the one on the right ensures the opposite.
Notice that the inequality on the right is never binding because §* > ¢ for k € {h,1}. Thus,
the low type leader never finds it profitable to mimic the high type.

A reasonable belief structure ought to satisfy the following intuitive essentials in order
to support the equilibrium. If the quantity choices of the leader were “high enough” in both
markets, the follower ought to infer that the demand state is high; similarly, if the quantity
choices of the leader were “low enough” in both markets, the follower would infer that the

demand state is low. The leaders allocation strategy increases in the probability the leader

ascribes to high demand.
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The above formulation embeds the notion of a perfect Bayesian-Nash equilibrium in the
following sense: (i) the leader’s actions (the optimal order quantities) are a best response to
what the leader knows at that point (the realized demand state), what the follower optimizes,
and to the leader’s own conjecture on the follower’s beliefs. (ii) the follower’s optimization is
in turn a best response to what the follower knows at that stage (the leader’s order quantity)
and the follower’s beliefs on the actual demand state. (iii) the follower’s actual beliefs and

the leader’s conjectures on the follower’s beliefs coincide.

Proposition 4 When the firms engage in Stackelberg competition under incomplete infor-

mation, there exist a separating equilibrium if %’;:g > 144 and the firms play

k_g k_e
gf* =g and  gf* = 5Ehy,
L, ¢">q";
Pribe") = o) =

0, otherwise.

where k € {h,1} and Pr(b(q~) = 6") is the follower’s belief that the leader is the high type.!*

In this equilibrium, the market prices and the profits of the firms are

HLk::wh%F[M+M]

Fk _ (6F=0)?rhi+h
2 2 I - 2 [ ! 2]7

and 1

Ny ah. 4B LR
P = e[y 4 iy 258 + 08 [L — i 5t — o 25,
Because the information is fully revealed in a separating equilibrium, the parties achieve the
full information game outcome. However, this equilibrium outcome has to deter the high

type leader to mimic the low type. The high type leader would not mimic the low type only

sh—c
Sl—c

if the asymmetry about the market demand (which is measured by ) is large enough, or
in other words, when the information valuation is high for the leader. In the equilibrium,
the follower believes that the demand is high whenever the follower observes that the leader

chooses a quantity greater than ¢™, which is the amount that the leader would choose if

HUWe define ¢ > ¢t as gl > ¢F" for all i € {1,2} and ¢F > ¢/" for at least one of the varieties.
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the demand was low. So, the follower plays safe and chooses to be an aggressive competitor
rather than a soft one whenever the demand state is still ambiguous after observing the

leader’s signal.

Pooling Equilibrium. In a pooling equilibrium, the leader chooses the same allocation
at each demand state so that the follower cannot infer the underlying demand from the
allocation decision of the leader. On the negative side, the high type leader incurs a cost of
loss sales since the high type leader has to be less aggressive competitor in order to pool. On
the positive side, the high type leader receives the benefit of competing with a less aggressive
follower, which increases the profit of the leader.

A candidate pooling equilibrium can be constructed as follows. Consider first the decision
problem of the follower, which is given by (2). Because the leader’s strategy does not reveal
any information to the follower, the first order conditions for the follower’s problem are

F
% = p— ¢ = 7BQi] = v ElQ)) = viua] — 54 =0
for i € {B, E'}. The solution to these first order conditions determines the reaction functions
of the follower for each variety. Let ¢¥* = (¢F*, ¢¥*) be the reaction function of the follower.
In a pooling equilibrium, both types of the leader must play the same strategy so that the
follower cannot infer the true demand state from the leader’s strategy. The low type leader
does not have an incentive to mimic the high type. Because the high type must play the

same strategy as the low type, the leader’s optimal decision must emerge as a solution to

HLk — m%X Z [-sz(qu;qE*) - C} qZLl (4)

7 ie(B.E}

together with the non-negativity and incentive compatibility constraints. As in the previous
section, we first find the solution to the unconstrained case and later verify that the solution

satisfies the incentive compatibility conditions, hence it is an equilibrium. By deriving the
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first order conditions for the leader’s problem and solving them simultaneously, we find a
candidate for pooling equilibrium, which is summarized in Proposition 5 below.

It is straightforward to show that the solutions satisfy the non-negativity conditions. It
is also immediate that the low type does not have any incentives to mimic the high type
since doing so would result in a more aggressive follower. So, we only need to consider the
incentive compatibility constraint of the high type leader, which is shown to be equivalent

to the following inequality after a tedious algebra

o —c

— < 1+54 5

Sd_e =TT (5)
where 4 = % This inequality ensures that the high type leader finds it attractive

to mimic the low type. The leader prefers to mimic the low type only if the information

asymmetry about the market demand is low.

Proposition 5 When the firms engage in Stackelberg competition under incomplete infor-

mation, there exist a pooling equilibrium if ‘Z;:CC < 144 and the firms play

I_, sl e _ gl
a* =059, — 15795 + 9] and = 150h + 155 [g; + gy)
1’ qL Z qu;
Pr(b(g") = 0") =4 a, ¢F =q¢";

0, otherwise.

where k € {h,1} and Pr(b(q") = 6") is the follower’s belief that the leader is the high type.

In this equilibrium, the market prices and the profits of the firms are

—62 h_ sl
MH = W [hha] — o (5! — ) 2525 g1 + gol,

M = (P lutha) 4 [o(5" — ¢) — (6 — )| 252 g, + g,

—¢)2 h_gl h_gl
I = B [hha] 4 (8 — ¢) 255 (g1 + go] + [05[g1 + o),

R 'y . _ hs .
PF = ey ™5 + 7 25 + 0L — i — v %]+ pll — g — '3,
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In a pooling equilibrium, the leader chooses the same allocation under either demand
state and the follower cannot infer any demand information from the allocation choice of
the leader. On one hand, the high type leader incurs a loss in profit since the high type
leader has to supply less amount of products for both variety in order to mimic the low type.
However, because no information revelation takes place when the high type leader mimics
the low type, the high type leader gains a surplus since the follower becomes less aggressive
competitor in the high demand state. The gains from having a less aggressive competitor is
higher compared to profit losses due to loss sales when the information asymmetry is small.
Thus, the high type leader prefer not to mimic the low type only if there is a big enough
increase in demand from the low demand state to the high demand state.

As in the Cournot case, by comparing the prices for two varieties, we can conclude that
the intuition in Corollary 3 is also no more valid when one of the firms has superior knowledge
about the demand state. In the presence of information asymmetry, not only the cross price
effects but also the own price effects play an important role in determining the gap between

the market prices.

Conclusion

We extend the standard quantity competition models of duopoly by allowing firms to
compete in two varieties of a homogenous product simultaneously. In particular, we con-
sider both Cournot and Stackelberg models under complete and incomplete information
assumptions and characterize the equilibrium outcomes. Our findings shed light to the con-
flicting results in the recent literature by characterizing the conditions under which both
of the duopoly firms practice price discrimination. Furthermore, we show that the order of
move is not a crucial element of the equilibrium market price differences. What matters is
the existence of consumers who care only about the differences in prices and are otherwise
indifferent between the varieties.

This paper also contributes to the line of research on equilibrium price dispersion. In this
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literature, Dana (1999) extends the equilibrium price dispersion model of Prescott (1975)
to monopoly and imperfect competition, and he finds that demand uncertainty and the
perishable nature of the assets are sufficient for a firm to price discriminate. We show
that unless the cross price effect is one sided and the market leadership is determined, the
duopoly firms choose to operate in both markets if they are competing in quantities. Thus,
we can conclude that competition in markets with asymmetric cross price effects and demand

uncertainty is sufficient for firms to price discriminate.
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