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Abstract. Problem definition: It is common practice for firms to deploy strategies based on
customer segmentation (by clustering customers into different segments) and price discrimi-
nation (by offering different prices to different customer segments). Price discrimination,
although seemingly beneficial, can hurt firms in competitive environments. Academic/prac-
tical relevance: It is thus critical for firms to understand when to engage in price discrimina-
tion and how to support discriminatory pricing practices with appropriate inventory
management strategies. This paper tackles this overarching question through operational
lenses by studying the joint impact of price discrimination and the allocation of limited
inventory across customer segments. Methodology: We develop a Bertrand competition
game featuring capacity restrictions, quality differentiation, and customer heterogeneity.
Results: We characterize (pure- or mixed-strategy) Nash equilibria for a single-stage game
reflecting uniform pricing and for a two-stage inventory-price game reflecting discrimina-
tory pricing alongwith endogenous inventory allocation.Managerial implications:We iden-
tify three sources of market friction in price competition enabling firms to earn higher
profits: capacity limitations, quality differentiation, and customer heterogeneity. Price dis-
crimination eliminates the market frictions from customer heterogeneity, but strategic inven-
tory allocation restores (or strengthens) the market frictions from capacity limitations. As
such, price discrimination is only beneficial when combined with optimal inventory alloca-
tion across segments. We discuss relevant real-world examples featuring regional price dis-
crimination along with strategic inventory allocation, including fast fashion and vaccines.
Otherwise, uniform pricing may outperform discriminatory pricing. Our results thus under-
score the critical role of inventory allocation in the design of competitive pricing strategies.
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1. Introduction
Pricing is one of themain levers to boost profits in com-
petitive environments. If firms set high prices, they bear
the risk of losing customers to their competitors. Vice
versa, if firms set low prices, they may not fully exploit
the market potential. To avoid leaving money on the
table, firms need to strike a balance between these two
strategies. In today’s data-rich environment, two com-
mon practices to achieve this objective are customer
segmentation and price discrimination.

Customer segmentation is enabled by the ubiquity of
vast volumes of data on customers’past transactions, loy-
alty status, demographics, etc. These data offer opportu-
nities to define relevant clusters of customers and refine
pricing strategies accordingly. A common segmentation
is based on how customers trade off quality and price;

price-sensitive customers (PSCs) favor cheaper products,
whereas quality-sensitive customers (QSCs) are willing
to pay a premium for higher-quality products.

In addition, many firms have the ability to offer dif-
ferent prices to different customer segments through
price discrimination. This practice has become common
both in e-commerce and brick-and-mortar retail. Exam-
ples include regional pricing (i.e., different prices based
on geographical location), time-based pricing, and
channel-based pricing. A natural question is thus how
to set different prices to different segments in the pres-
ence of competition. More fundamentally, is it always
beneficial to opt for a discriminatory pricing strategy
(i.e., offering different prices to different segments) as
opposed to a uniform pricing strategy (i.e., charging the
same price to all customers)?
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Research in economics and marketing has shown
that price discrimination is beneficial in monopolistic
settings but not necessarily in oligopolistic settings.
In other words, price discrimination induces an extra
degree of freedom,which although seemingly beneficial,
may intensify competition and decrease firms’ profits
(see, e.g., Thisse and Vives 1988, Corts 1998, Fudenberg
and Tirole 2000, Choudhary et al. 2005, Choe et al. 2018).
In this paper, we revisit this question through opera-
tional lenses by considering capacity restrictions and
inventory allocation decisions. Namely, can price dis-
crimination benefit thefirms, and if so, underwhich con-
ditions? How should the firms allocate their inventory
across customer segments to design effective price dis-
crimination strategies? Additionally, to what extent do
the benefits of price discrimination depend on inventory
allocation decisions?

We study these questions by proposing a game-
theoretic model of Bertrand competition—one of the
most fundamental price competition models—that fea-
tures capacity restrictions, product differentiation, and
customer heterogeneity. Specifically, two firms offer
products with different quality levels in a market com-
prising price-sensitive customers and quality-sensitive
customers. Uniform pricing is modeled as a one-stage
game,where both firms charge the sameprice to all cus-
tomers. Price discrimination is modeled as a two-stage
game, where firms first allocate their inventory across
the customer segments and then compete on prices in
each segment in the second stage. In the first stage, we
study a baseline where firms allocate their inventory
proportionally to the size of the customer segments
(referred to as pro rata allocation) and also, examine the
case where firms optimize their inventory on each seg-
ment (referred to as endogenous allocation).

This paper builds upon the vast literature on Bertrand
competition. In its simplest form, the Bertrand game
leads to a “price war,” where both firms charge their
marginal cost and earn zero profit. The firms, however,
can escape from this price war through capacity restric-
tions and quality differentiation—two sources of market
friction (Levitan and Shubik 1972, Tirole 1988, Ghose
and Gu 2008). This paper extends this literature by
uncovering a third source of market friction—customer
heterogeneity—and studying the impact of price dis-
crimination combined with inventory allocation in Ber-
trand competition. Specifically, this paper makes the
following contributions.

• Extending Bertrand competition with customer het-
erogeneity and discrimination. Most studies on price
competition between differentiated firms have relied on
the Hotelling framework by considering a continuum of
customers with heterogenous quality preferences (typi-
cally, using a uniform distribution). In this paper, we
propose a Bertrand competitionmodel where customers
are divided into two discrete segments: price-sensitive

customers and quality-sensitive customers. When com-
pared with the continuous price-demand relationships
from the Hotelling framework, our model gives rise to
discontinuous “winner takes all” dynamics (in which
one firm can attract the entire market up to capacity).

• Characterizing Nash equilibria. In our model, the
existence of pure-strategy equilibria is not always guar-
anteed, which contrasts with various price competition
games based on continuous demand models, such as
the Hotelling framework. Our main technical result
establishes the existence and uniqueness of a mixed-
strategy Nash equilibrium for the Bertrand competition
game featuring customer heterogeneity and quality dif-
ferentiation. In this setting, both firms need to account
for each customer segment, leading to a mixed-strategy
equilibrium with overlapping, yet distinct, supports.
Furthermore, we report a complete characterization of the
Nash equilibria for Bertrand competition games under
homogenous (price-sensitive or quality-sensitive) custom-
ers, differentiated qualities, and differentiated capacities.

• Examining the impact of customer heterogeneity
on firms’ performance. We find that under uniform
pricing, the firm with the higher-quality product be-
nefits from a more quality-sensitive customer pool,
whereas the firm with the lower-quality product be-
nefits from a more heterogenous customer pool (as
opposed to a more price-sensitive pool). Thus, discrete
customer heterogeneity introduces an additional source
of market friction that allows both firms to earn positive
profits even under uncapacitated competition. We also
find that the expected prices are not monotonic with the
proportion of quality-sensitive customers.

• Analyzing the joint impact of price discrimination
and inventory allocation. We characterize the subgame-
perfect equilibria of the two-stage inventory-price com-
petition game. Our results underscore the critical role of
inventory allocation; price discrimination with pro rata
inventory allocation hurts both firms relative to uni-
form pricing, but combining price discrimination with
strategic inventory allocation can benefit both firms.
Under low demand, uniform pricing dominates price
discrimination with pro rata allocation, whereas price
discrimination combined with endogenous inventory
allocation dominates uniform pricing. Under high
demand, uniform pricing dominates price discrimina-
tion with pro rata allocation and can even dominate
price discrimination with endogenous inventory alloca-
tion (because the market friction from capacity restric-
tions is now ubiquitous). These insights extend to the
intermediate moderate-demand regime and are robust
to various modeling assumptions.

Our results suggest that, under competition, discrim-
inatory pricing is not necessarily beneficial by itself and
must be coupled with strategic capacity allocation
across customer segments. Indeed, price discrimi-
nation eliminates the market friction from customer
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heterogeneity, whereas inventory allocation introduces
an extra friction by strengthening capacity restric-
tions—and the latter effect can dominate the former.
Practically, these findings suggest that firms need to
commit to a capacity allocation strategy prior to engag-
ing in price discrimination, whenever possible. Exam-
ples of (regional) price discrimination with such
capacity commitment include the following.

• Fast fashion (e.g., Zara versus H&M). Consider
two brick-and-mortar clothing retailers that offer rap-
idly changing collections, with one brand of higher
quality than the other.1 The two retailers operate in sev-
eral countries, with each country forming a customer
segment. Both firms can offer different prices in differ-
ent locations.2 Given the short product shelf life and
geographical distance between countries, firms must
commit inventory levels for each segment separately.

• Vaccines (e.g., Pfizer versus Moderna). The prices of
coronavirus disease 2019 vaccines can vary widely across
countries, from $2 to over $40 per dose.3 Similar varia-
tions occur for other vaccines. Vaccines from different
manufacturers naturally have different quality levels (e.g.,
efficacy and side effects). Again, short shelf times and geo-
graphical distance prevent inventory rebalancing.

Vice versa, when firms cannot commit to a prespeci-
fied inventory allocation (e.g., retailers using one ware-
house to cater to quality-seeking and discount-seeking
customers), discriminatory pricing does not necessarily
outperformuniformpricing. In otherwords, competing
firms should not blindly adopt price discrimination but
only do so if market frictions from inventory restric-
tions are strong enough to offset the loss in market fric-
tions from customer heterogeneity.

2. Literature Review
This paper relates to the price discrimination literature.
Starting from Robinson (1934), many studies have
focused on how price discrimination affects social wel-
fare (see, e.g., Schmalensee 1981; Varian 1985;Armstrong
and Vickers 1993, 2001; Cowan 2016, Bergemann et al.
2022) and fairness (Cohen et al. 2022). Although discrim-
inatory pricing boosts profits in a monopolistic setting,
price discrimination intensifies competition in oligopo-
lies and can hurt firms’ profits. This result has been
shown in the context of personalized pricing (Thisse and
Vives 1988, Chen and Iyer 2002, Choudhary et al. 2005,
Choe et al. 2018) and third-degree price discrimination
(Shaffer and Zhang 1995, Corts 1998, Fudenberg and
Tirole 2000, Esteves 2010). In a setting related to ours, Corts
(1998) found that price discrimination leads to lower prices
and profits in both segments, and in response, proposed
strategic nondiscriminatory commitments.

Research in marketing has identified business envi-
ronments in which price discrimination can be more
profitable thanuniformpricing, evenunder competition.

Chen et al. (2001) showed thatwhen targeting customers
is hard, price discrimination coupledwith improved tar-
geting abilities can lead to higher profits. Empirically,
Besanko et al. (2003) and Esteves and Resende (2016)
found that discriminatory pricing in the form of custom-
ized coupons and targeted advertising can boost profits.
Belleflamme et al. (2020) found that personalized pricing
can be beneficial when firms have different abilities
to identify customer valuations. Our paper comple-
ments the literature by adding a new—operational—
layer through which firms can benefit from price discri-
mination under competition: by strategically allocating
inventory across segments to create capacity shortages.

We leverage a model of Bertrand competition, one of
themost commonmodels, to study price competition. In
its original setting, firms sell homogenous products, and
customers make purchasing decisions based exclusively
on prices (Bertrand 1883). This game admits a unique
Nash equilibrium, in which the firms set prices at mar-
ginal cost and earn zero profits—an outcome referred to
as the price race to the bottom. This undesired outcome
vanishes when the firms face capacity constraints or sell
differentiated products. In such cases, the firms can
attract customers without charging the lowest possible
prices, thus earning positive profits. For that reason,
capacity constraints andproduct differentiation are often
referred to asmarket frictions (Ghose andGu 2008).

In a capacitated Bertrand competition, Edgeworth
(1925) showed that marginal pricing is no longer an
equilibrium. Levitan and Shubik (1972) characterized
the equilibrium under the Bertrand–Edgeworth com-
petition. Kreps and Scheinkman (1983) showed that
capacity commitments relax price competition and
induce higher prices. Brock and Scheinkman (1985)
examined the role of capacity restrictions for repeated
Bertrand games. Osborne and Pitchik (1986) considered
an instance with differentiated but exogenous capaci-
ties and found that equilibrium prices decrease with
demand. Our results with homogenous price-sensitive
customersmirror thesefindings.

Turning to product differentiation, Hotelling (1929) in-
troduced a seminal model, in which two firms first select
their locations in a “linear city” and then compete on pri-
ces, with customers trading off prices and distances—a
setting often referred to as horizontal differentiation. The
game admits a pure-strategy equilibrium in which both
firms earn positive profits, highlighting that horizontal
differentiation can alleviate the Bertrand price race to the
bottom.

Using the Hotelling framework, Gabszewicz and
Thisse (1979, 1980) incorporated product differentiation
into price competition—referred to as vertical differen-
tiation. Their results identify regimes where only the
firm with the higher-quality product earns a positive
profit. Shaked and Sutton (1982, 1983) endogenized
quality differentiation, showing that firms will offer
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differentiated products to alleviate price competition. Tir-
ole (1988) presented a price competition model under a
continuumof customerswith different quality preferences.
This model admits a pure-strategy Nash equilibrium, in
which even the firm with the lower-quality product can
earn a positive profit if customers are sufficiently differ-
entiated. In our paper, we incorporate customer hetero-
geneity into the traditional Bertrand competition model
by considering two customer segments: price-sensitive
customers (who make decisions based only on prices)
and quality-sensitive customers (who trade off price
and quality). The discontinuity of the demand structure
can lead to mixed-strategy equilibria. Furthermore, we
investigate how the market structure affects the equili-
brium and the profits.

Only a handful of studies have combined capacity
restrictions, quality differentiation, and customer heteroge-
neity into Bertrand competition. Banker et al. (1988) and
Chambers et al. (2006) proposed a two-stage model where
firms compete on quality and then, on prices. Acemoglu
et al. (2009) developed a two-stage gamewherefirms com-
pete on both capacities and prices. Boccard and Wauthy
(2010) characterized the pure-strategy pricing equilibrium
in a three-stage game in quality, capacity, and price. In a
Stackelberg game in capacity and price between two
quality-differentiated firms, Porteus et al. (2010) found that
the leader can price relatively low to leave the leftover
demand to the follower, hence avoidingdirect competition.
Our paper also uncovers the strategic use of capacity allo-
cationbut fromadifferentperspective—to create inventory
shortages as an additionalmarket friction in Bertrand com-
petition in order to increase equilibriumprices.

This paper is also related to the revenue management
literature,which dynamically optimizes prices and inven-
tory levels to match supply with demand (see, e.g., Bitran
and Caldentey 2003, Talluri and Van Ryzin 2006, Özer
and Phillips 2012). Netessine and Shumsky (2005) con-
veyed that competition leads to higher prices because
firms allocate more capacity to high-valuation customers.
Levin et al. (2009) presented a stochastic pricing game,
where differentiated goods are sold to strategic customers
who can time their purchases. Adida and Perakis (2010)
considered a continuous-time differential game of pricing
and inventory, where differentiated products share pro-
duction capacity. Mart́ınez-de Albéniz and Talluri (2011)
studied a duopoly competition game with homogeneous
products under demand uncertainty, and Gallego and
Hu (2014) added product differentiation to this problem.
Empirically, Cohen et al. (2020) showed that in the airline
industry,markups in the fare ladder can increase revenue
in the presence of quality differentiation.

In summary, our paper contributes to the literature
on Bertrand competition (i) by studying the joint effect
of price discrimination and inventory allocation and (ii)
by incorporating quality differentiation, capacity differ-
entiation, and customer heterogeneity. From a technical

standpoint, this paper characterizes the unique mixed-
strategy Nash equilibrium in Bertrand competition
with quality differentiation and heterogenous custom-
ers and all Nash equilibria in Bertrand competition
with homogenous customers, quality differentiation,
and capacity differentiation.

3. Preliminaries
3.1. Setting and Assumptions
We consider a noncooperative single-period Bertrand–
Edgeworth game between two firms, indexed by i � 1, 2.4

Both firms have access to a fixed inventory I, consistent
with the theoretical literature (Levitan and Shubik 1972,
Dasgupta and Maskin 1986, Osborne and Pitchik 1986)
and the applied literature (Netessine and Shumsky 2005,
Behzad et al. 2015, Behzad and Jacobson 2016).

Themarket is characterized by a deterministic inelas-
tic demandD > 0.5 Firms compete on prices, and Firm i
sets a price pi ∈ [0,pmax]. The upper bound pmax can be
interpreted as a proxy for an outside option (e.g., if pri-
ces are too high, customers will not purchase from the
market) or as a maximal price that firms are allowed to
charge (e.g., because of price regulations). From a tech-
nical perspective, this assumption simplifies the deriva-
tion of our results without affecting our qualitative
insights. We assume that both firms face identical mar-
ginal costs, normalized to zero without loss of general-
ity.6 Finally, we assume that D ≤ 2I: that is, the market
demand falls below the total market capacity (ifD > 2I,
then p1 � p2 � pmax is a strictly dominant strategy).

We denote by Di(pi,pj) the demand served by Firm i
when it sets pi and Firm j sets pj. We denote by π̃i(pi,pj)
the profit function, given by π̃i(pi,pj) � piDi(pi,pj). Let
Fi be the cumulative distribution function of Firm i’s
mixed strategy (when Firm i plays a pure strategy, Fi is
a step function). We also denote by QFi(pi) the atom
probability at pi associatedwith strategy Fi, namely

QFi(pi) � Fi(pi) − lim
p→p−i

Fi(p), ∀pi ∈ (0,pmax],
QFi(0) � Fi(0):

{
We denote by πi(pi,Fj) Firm i’s profit when it sets pi

and Firm j plays according to the strategy Fj. Finally, we
denote Firm i’s expected profit by Πi. Mathematically,
we have

πi(pi,Fj) �
∫ pmax

0
π̃i(pi,pj) dFj(pj), ∀pi ∈ [0,pmax],

Πi �
∫ pmax

0
πi(pi,Fj) dFi(pi):

We consider a market with two customer segments, a
mass Dp of PSCs and a mass Du of QSCs, so that D �
Du + Dp. Price-sensitive customers purchase Firm i’s
product if pi < pj as long as Firm i has sufficient inven-
tory (customers are indifferent between both firms if pi
� pj). Quality-sensitive customers make purchasing
decisions by minimizing (pi − αµi), where µi denotes
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the quality of Firm i’s product and α > 0 represents the
quality sensitivity.7 Without loss of generality, we
assume that Firm 1’s product is of lower quality than
Firm 2’s product (i.e., µ1 < µ2). We define the quality dif-
ferential Δ � α(µ2 −µ1) > 0. We assume throughout the
paper thatΔ ≤ 2pmax=5: that is, the quality differential is
not too high (otherwise, Firms 1 and 2 effectively serve
different markets). When customers are indifferent
between the two firms (i.e., when pi � pj for PSC and
when p1 +Δ � p2 for QSC), each firm will serve half the
market. This rationing rule follows the original
Bertrand–Edgeworth setting and has been commonly
adopted in the literature (e.g., Levitan and Shubik 1972,
Kreps andScheinkman1983) (Table 1).

3.2. Analytical Setting: Homogenous and
Heterogenous Markets

Let us start by characterizing the equilibrium in homo-
genousmarkets.

3.2.1. Homogenous Market with Price-Sensitive Custom-
ers (Dp5 D). Wehave

Di(pi, pj) �
min(D, I) if pi < pj,
D
2

if pi � pj,

max(D − I, 0) if pi > pj:

⎧⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎩
This setting is consistentwith Edgeworth (1925), Lev-

itan and Shubik (1972), and Kreps and Scheinkman

(1983), albeit simpler because of our inelastic demand
assumption. Proposition 1 reports the Nash equili-
brium—a special case of the more-complex models
studied in this paper.

Proposition 1. With homogeneous PSC, the game admits
a unique Nash equilibrium.

• If D ≤ I,we have p1 � p2 � 0 andΠ1 �Π2 � 0.
• If I <D ≤ 2I, the game admits a mixed-strategy Nash

equilibrium,withΠ1 �Π2 � (D− I)pmax.

When demand is below each firm’s capacity, both
firms set pi � 0 and make zero profit—the well-known
price race to the bottom. As firms become capacitated
(i.e.,D > I), expected prices increase, allowing both firms
to earn positive expected profits. Specifically, each firm’s
expected profit is (D− I)pmax, which is the profit that
each firm would secure by playing pmax (we refer to this
quantity as the secured profit from leftovers). This yields
the classical result that capacity constraints introduce
market frictions, thus alleviating price competition.

3.2.2. Homogenous Market with Quality-Sensitive Cus-
tomers (Du 5 D). Wehave

D1(p1, p2) �
min(D, I) if p1 + Δ < p2,
D
2

if p1 + Δ � p2,

max(D − I, 0) if p1 + Δ > p2,

⎧⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎩
D2(p1, p2) � D −D1(p1, p2):

The Nash equilibrium characterization is reported in
Proposition 2.

Proposition 2. With homogeneous QSC, the following
holds.

• If D ≤ I, Firm 2 sets p2 � Δ (Firm 1 can play various
mixed strategies):Π1 � 0 andΠ2 � ΔD.

• If I <D < (2− (Δ=pmax))I, the game admits a unique
mixed-strategy Nash equilibrium. The expected profits sat-
isfyΠ1 � (D− I)pmax andΠ2 � (D− I)pmax + IΔ.

• If D ≥ (2− (Δ=pmax))I, the game admits a unique pure-
strategy equilibrium with p1 � p2 � pmax. The expected prof-
its satisfyΠ1 � (D− I)pmax andΠ2 � Ipmax.

The specifics of the mixed strategies are reported in
EC.1. When the firms are uncapacitated (i.e., D ≤ I),
Firm 2 sets its price at Δ to capture the entire market.
Thus, Firm 2 can earn a positive profit because of its
quality advantage, leaving zero profit to Firm 1. Firm 1
plays amixed strategy over a range of lowprices, acting
as a threat to prevent Firm 2 from increasing its price
beyond Δ. Once again, this equilibrium reflects the
price race to the bottom because both firms end up
undercutting each other. Yet, because of the quality dif-
ferential, Firm 1 can no longer undercut Firm 2 when
p2 � Δ, so Firm 2 ends up capturing the entiremarket.

Table 1. Table of Notation

Symbol Description

Parameters
D Total market demand
Dp Demand from PSCs
Du Demand from QSCs
I Total inventory from each firm
pmax Maximum price each firm can charge
Δ Quality differential of Firm 2, relative to Firm 1

Pricing strategy
N Uniform (i.e., nondiscriminatory) pricing
R Discriminatory pricing with pro rata capacity

allocation
E Discriminatory pricing with endogenous

capacity allocation
Decision
pi Price played by Firm i
Fi(p) Firm i’s mixed strategy at price p
QFi (p) Atom of Firm i’s mixed strategy Fi at price p
Ipi Firm i’s inventory allocated to PSC
Iui Firm i’s inventory allocated to QSC

Profit
π̃ i(pi,pj) Firm i’s profit given Firm i plays pi and Firm j

plays pj
πi(pi,Fi) Firm i’s profit given Firm i plays pi and Firm j

plays Fj
Π i Firm i’s expected profit at equilibrium

Π
p
i Firm i’s expected profit at equilibrium from PSC

Π
u
i Firm i’s expected profit at equilibrium from QSC
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Again, as firms become capacitated (i.e., D > I),
capacity restrictions bringmarket frictions and raise the
equilibrium prices. The setting with QSC, however,
brings two main novelties. First, Firm 1 keeps earning
(D− I)pmax (i.e., the secured profit from leftovers),
but Firm 2 earns an extra profit of IΔ induced by its
quality advantage. Second, when demand exceeds
2− (Δ=pmax)( )

I, both firms play pmax, even though the
market is not saturated. To see this, note that D ≥
2− (Δ=pmax)( )

I is equivalent to (D− I)pmax ≥ I(pmax −Δ),
meaning that for Firm 1, it becomes more profitable to
settle for leftovers at pmax than compete with Firm 2 and
serve I customers at pmax −Δ.

3.2.3. Heterogenous Customers. As compared with
the baseline setting with homogenous (price-sensitive
or quality-sensitive) customers, this paper introduces
customer heterogeneity—that is, by considering the
case where Dp <D and Du <D. To retain analytical
tractability, we focus in the main body of the paper on
two regimes identified in Proposition 2: D ≤ I (low
demand; in Section 4) and D ≥ 2− (Δ=pmax)( )

I (high
demand; in Section 5). In Online Appendix D, we estab-
lish the robustness of our findings in the moderate-
demand regime, namelywhenD ∈ I, 2− (Δ=pmax)( )

I)(
.

3.3. Paper Road Map
The main technical results of the paper fall into four
categories.

• We characterize the Nash equilibrium (or equili-
bria) for the following cases: (i) uniform pricing with
pooled capacity across both segments (Propositions 3
and 10), (ii) discriminatory pricing with pro rata capacity
allocation across segments (Propositions 6 and 12), and
(iii) discriminatory pricing with endogenous capacity
allocation (Propositions 7 and 13). We thus identify the
impact of discriminatory pricing (relative to uniform
pricing) and endogenous capacity allocation (relative to
pooled capacity and pro rata inventory allocation).8

• We uncover that under uniform pricing, the firm
with the lower-quality product benefits from customer
heterogeneity, whereas the firm with the higher-
quality product benefits from more quality-sensitive
customers (Propositions 5 and 11). This result identifies
customer heterogeneity as an extra source of market
friction besides capacity restrictions and quality differ-
entiation, enabling higher prices with a more heteroge-
neous customer pool (Proposition 4).

• We find that uniform pricing outperforms discrim-
inatory pricing with pro rata capacity allocation but
can be dominated by discriminatory pricing with stra-
tegic inventory allocation (Propositions 8, 14, and 15).
The driver of this result is that discriminatory pricing
eliminates the friction from customer heterogeneity but

can restore—or even strengthen—the friction from
capacity restrictions, enabling both firms to charge
higher prices (Proposition 9).

• We highlight the disparate effect of quality differ-
entiation under uniform versus discriminatory pricing
(Online Appendix E). Under uniform pricing, a stron-
ger quality differential increases the profit of both
firms; the firm with the higher-quality product benefits
from a higher quality sensitivity, whereas the firm with
the lower-quality product benefits from a higher cus-
tomer heterogeneity. In contrast, under discriminatory
pricing, a stronger quality differential benefits the firm
with the higher-quality product but hurts the firm with
the lower-quality product.

4. Low-Demand Regime
In this section, we assume that D ≤ I: that is, each firm
would have sufficient capacity to accommodate the
entire market. The proofs of our statements are rele-
gated to OnlineAppendix B and EC.3.

4.1. Uniform Pricing
BecauseD ≤ I, the demand structure is given by

D1(p1,p2) �

D if p1 +Δ < p2,
Du

2
+Dp if p1 +Δ � p2,

Dp if p1 < p2 < p1 +Δ,

Dp

2
if p1 � p2,

0 if p1 > p2:

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
D2(p2,p1) �D−D1(p1,p2):

4.1.1. Nash Equilibrium. When customers are hetero-
geneous, each firm’s expected profit includes the profits
generated by PSC andQSC. As a result, Firm 1’s pricing
decision does not solely rely on Firm 2’s decision to
play p or p+Δ but on both. Similarly, Firm 2’s pricing
decision depends on Firm 1’s strategies at p and at
p−Δ. This complex game structure makes the analysis
more intricate; yet, we can still characterize the Nash
equilibrium and establish its uniqueness.

Proposition 3. Under heterogenous customers and low
demand (i.e., D ≤ I), there exists a unique mixed-strategy
Nash equilibrium (F1, F2) given by

F1(p1) � 1− p̃ +Δ

p1 +Δ
, ∀p1 ∈ [p̃, p̂],

F1(p1) �
D− Du(p̃+Δ)

p1

Dp
, ∀p1 ∈ [p̂, p̃ +Δ],

F2(p2) � 1− p̂
p2

, ∀p2 ∈ [p̂, p̃ +Δ],

F2(p2) �
D− Dpp̂

p2−Δ
Du

, ∀p2 ∈ [p̃ +Δ, p̂ +Δ],

Cohen, Jacquillat, and Song: Price Discrimination and Inventory Allocation
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where p̃ and p̂ are the unique positive (real) solutions of the
following system of equations:

p̃ +Δ

p̂
− 1 � p̃ +Δ

p̂ +Δ

Dp

Du
, (1)

p̂
p̃
− 1 � p̂

p̃ +Δ

Du

Dp
: (2)

In particular, p̃ and p̂ are such that 0 < p̃ < p̂ < p̃ +Δ <
p̂ +Δ.

The expected profits satisfyΠ1 � p̂Dp andΠ2 � (p̃ +Δ)Du.

The equilibrium structure is more sophisticated than
before because uniform pricing strategies cater to both
customer segments. The prooffirst shows that Equations
(1) and (2) admit a unique solution and then, verifies that
the solution from Proposition 3 is a Nash equilibrium.
Establishing uniqueness is more challenging. We derive
necessary conditions, showing that the supports of both
mixed strategies have length Δ. We then retrieve equa-
tions akin to Equations (1) and (2) and conclude by not-
ing that the functional form outlined in Proposition 3 is
necessary. The assumption that Δ is small relative to
pmax is used to ensure that p̂ +Δ ≤ pmax.

Figure 1 depicts both firms’ mixed strategies. Recall
that with homogeneous PSC, both firms play a pure
strategy at p � 0, whereas with homogeneous QSC, Firm
2 plays a pure strategy at p � Δ (Section 3.2). In contrast,
when customers are heterogeneous, both firms play
mixed strategies with distinct—albeit overlapping—
supports of length Δ. Firm 1 plays a continuous strategy
over p̃, p̃ +Δ

[ ]
, whereas Firm 2 plays a continuous strat-

egy over p̂, p̂ +Δ
[ ]

.
The limiting cases converge to the equilibria with

homogeneous customers. When Du → 0 (i.e., the mar-
ket is dominated by PSC), we have p̃ → 0 and p̂ → 0.
Consequently, the Nash equilibrium converges to the
pure strategy p1 � p2 � 0, and both firms earn zero
profit. When Du →D (i.e., the market is dominated by
QSC), we have p̃ → 0 and p̂ → Δ, so that Firm 2’s strat-
egy converges to the pure strategy p2 � Δ (with an

expected profit of Δ) and Firm 1’s strategy converges to
amixed-strategy identified in the proof of Proposition 2
(with an expected profit of zero).

4.1.2. Pricing Strategies. We first note that the expected
prices are not monotonic with Du or Dp (holding D con-
stant). Indeed, both p̃ and p̂ increasewithDu over an inter-
val of the form [0,d] and then, decrease with Du over
[d,D] (for a parameter 0 < d <D). Accordingly, as Du

increases, the cumulative distribution functions of both
firms’mixed strategies move first rightward and then left-
ward (see Figure 1). Proposition 4 establishes this result for-
mally, namely (i) when d1 < d2 are smaller than 0.5, each
firm’smixed strategywhenDu � d1 is stochastically domi-
nated by its mixed strategy when Du � d2 and (ii) when
d1 < d2 are larger than 0.75, each firm’s mixed strategy
when Du � d2 is stochastically dominated by its mixed
strategywhenDu � d1.

Proposition 4. Fix D, Du, and Dp such that Du +Dp �D.
Let F1,d(·) and F2,d(·) be the cumulative distribution functions
when Du � d and Dp �D− d.We then have the following.

• For any d1,d2 ∈ [0, 0:5062D] such that d1 < d2,
F1,d1(p) ≥ F1,d2(p), ∀p ∈ [0,pmax],
F2,d1(p) ≥ F2,d2(p), ∀p ∈ [0,pmax]:

{
• For any d1,d2 ∈ [0:7566D,D] such that d1 < d2,
F1,d1(p) ≤ F1,d2(p), ∀p ∈ [0,pmax],
F2,d1(p) ≤ F2,d2(p), ∀p ∈ [0,pmax]:

{
Figure 2 confirms that the expected prices are unimo-

dal with respect to Du, holding D constant. When the
market is mainly composed of PSCs (i.e., Du is low),
both firms play low prices, and all QSCs will choose
Firm 2’s product. As the market becomes more popu-
lated by QSCs, Firm 2 will increase its price. This strat-
egy obviously reduces the expected number of PSCs
served by Firm 2, but this loss is offset by a profit gain
from QSCs. Stated differently, increasing Du will lead
Firm 2 to bemore risk taking. In turn, Firm 1 follows the
price increase; because Firm 2 plays higher prices, Firm
1 is likely to attract most PSCs and can thus afford to

Figure 1. (Color online) Mixed-StrategyNash Equilibriumwith Heterogeneous Customers (D � 20, pmax � 20, Δ � 5)

Notes. (a) Firm 1. (b) Firm 2.
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charge higher prices. These dynamics explain the
increasing part of both curves in Figure 2.

Once Du reaches a certain threshold, however, a mar-
ginal increase inDu induces a price reduction by Firm 1,
which is then followed by Firm 2 (after a second slightly
higher threshold value). When the market becomes
dominated by QSCs, it then becomes more attractive for
Firm 1 to lower its price to avoid the risk of losing the
PSC (and also, to become more attractive to the QSC).
This strategy obviously reduces per-customer profits
and can be viewed as a shift from an optimistic reaction
to Firm 2’s price increase to a more conservative price-
cut strategy. For Firm 2, this strategy poses a threat, so
Firm 2 reacts by also lowering its price. These dynamics
result in fiercer price competition, reinstalling the price
war dynamics of Bertrand competition under homoge-
neous customers—although Firm 2’s price converges to
Δ and not to zero, as discussed in Section 3.2.

These findings reveal that prices increase with customer
heterogeneity—and not with the proportion of quality-
sensitive customers. This result stems from the fact that cus-
tomer heterogeneitymakes it harder for bothfirms to tailor
their pricing strategies to both customer segments, thus cre-
ating a new source of market friction to escape from the
Bertrandprice race to the bottom.

4.1.3. Market Shares. Figure 3(a) plots the expected
number of customers served by each firm as a function
of Du. Figure 3(b) breaks it down into PSC and QSC.
Figure 3(c) shows each firm’s market share (i.e., propor-
tion of customers served) in each segment, also as a
function of Du. In all plots, D is held constant, so that
any increase in Du is compensated by a corresponding
decrease inDp.

As Du increases, Firm 2’s market share increases,
whereas Firm 1’s market share decreases. This is intui-
tive; as the overall market becomes more quality sensi-
tive, it provides a more favorable environment for the
firm with the higher-quality product. Moreover, as Du

increases, Firm 1’s market share among PSC increases.
This suggests that increasing Du induces Firm 2 to
design a pricing strategy more tailored to QSC at the
expense of PSC; although its market share of QSC is not
monotonic, Firm 2 consistently captures close to 90% of
QSCs on average regardless of the value ofDu. We next
discuss Figure 3 in more detail by considering three
regimes.

• When Du is low, the market is mainly composed of
PSC. Starting from Du � 0, both firms play p � 0 and
split the demand. As Du increases, Firm 2 sets higher
prices than Firm 1; yet, the difference between both
firms’ prices is small enough so that all QSCs opt for
Firm 2. As a result, Firm 2 serves, on average, fewer
PSCs but more QSCs, leading to higher prices.

• When Du is intermediate, customer heterogeneity
is strongest. As Du increases, Firm 1 starts cutting its
prices, increasing differentiation between both firms’
prices. Thus, Firm 1 may capture some QSCs—
although the expected total number of QSCs served by
Firm 2 increases.

• When Du is high, the market is mainly composed
of QSC. Firm 1 faces an unfavorable environment and
thus, lowers its price to attract QSC and minimize the
risk of losing PSC. For high values of Du, Firm 2 reacts
by lowering its price, ultimately serving all QSCs as
Du →D.

4.1.4. Expected Profits. Figure 4 plots expected profits
as a function of Du. Firm 2’s expected profit increases
withDu; because it has a higher-quality product, it nat-
urally benefits from a more quality-sensitive customer
pool. One may expect, by invoking a mirror argument,
that Firm 1’s profit would increase as the market
becomes more price sensitive (i.e., as Du decreases).
Interestingly, this is not the case; Π1 is unimodal with
Du. In Proposition 5, we show that Firm 1’s expected
profit is maximized at Du � 0:521D—that is, when the
market comprises a mix of PSC and QSC. Note that the

Figure 2. (Color online) Expected Prices as a Function ofDu (D � 20, pmax � 20, Δ � 5)
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profit-maximizing PSC-QSC mix does not depend on
the quality differentialΔ.

Proposition 5. Π2 is increasing with Du, and Π1 is maxi-
mized when Du � 0:521D.

This result sheds light on our main finding from this
section; the firm with the higher-quality product bene-
fits from a more quality-sensitive customer pool,
whereas the firm with the lower-quality product is bet-
ter off in a more heterogeneous (as opposed to a more
price-sensitive) environment. In particular, Firm 1
earns a positive profit with heterogeneous customers—
that is, for any 0 <Du <D. This is in stark contrast with
our earlier results under homogenous customers (either
PSC or QSC). Indeed, when Du � 0 or Du � D, Firm 1
earns zero profit in the low-demand regime because of
the price war induced by Bertrand competition when
Du � 0 and because of Firm 2’s ability to capture the
entire demandwhenDu�D. In contrast, when themar-
ket comprises amix of QSC and PSC, Firm 2 can no lon-
ger tailor its price to the entire market. Instead, it
attempts to balance the conflicting objectives of charg-
ing high prices to extract a high profit from QSCs ver-
sus offering low prices to attract more PSCs. The
resulting mixed strategy played by Firm 2 creates an
opportunity for Firm 1, which can charge nonzero pri-
ces and successfully attract some customers. As Propo-
sition 5 shows, Firm 1’s expected profit is the highest

when customer heterogeneity is strongest (Du � 0:5).
Stated differently, this result highlights customer heter-
ogeneity as another source of market friction—besides
capacity restrictions and quality differentiation.

4.2. Discriminatory Pricing
We now assume that firms implement a discriminatory
pricing strategy by offering a different price to each cus-
tomer segment. We assume that firms need to commit
to an inventory allocation across the two segments
prior to engaging in price competition. As discussed,
this setting is motivated by real-world examples, such
as fast fashion and vaccines. We study the joint impact
of price discrimination and inventory allocation by for-
malizing a two-stage game, in which inventory man-
agement constitutes the first-stage decision and pricing
is the second-stage decision.

We denote Firm i’s inventory allocated to QSC (PSC)
by Iui (I

p
i ), so that Iui + Ipi � I for i � 1, 2. In particular, we

consider the following two inventory allocation rules.
• Pro rata capacity allocation. It is the simplest

capacity allocation rule, where each firm assigns inven-
tory proportionally to customer mass: that is, Iui �(Du

∗I=D) and Ipi � (Dp
∗I=D) for i � 1, 2.

• Endogenous inventory allocation. In this case, each
firm allocates inventory strategically by anticipating the
subsequent pricing dynamics. The problem is formalized

Figure 3. (Color online) Number of Customers andMarket Shares as Functions ofDu (D � 20, pmax � 20, Δ � 5)

Notes. (a) Total number of customers served by each firm. (b) Number of PSC/QSC served by each firm. (c) Market share of each firm.
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as a two-stage game in capacity and prices. We compute
the subgame-perfect equilibrium.

This section departs from Section 4.1 in two aspects:
price discrimination (as opposed to uniform pricing)
and inventory allocation (as opposed to pooled inven-
tory). Under low demand, the two-stage game is identi-
cal under pro rata capacity allocation and under pooled
capacity (see Online Appendix C), so collectively, our
results identify the impact of price discrimination (by
comparing uniform pricing with pooled capacity ver-
sus discriminatory pricing with pro rata capacity allo-
cation), the impact of endogenous capacity allocation
(by comparing discriminatory pricing with pro rata
capacity allocation versus endogenous capacity alloca-
tion), and their joint impact.

The second stage of the gamewith endogenous inven-
tory allocation reduces to Bertrand competition under
both capacity and quality differentiation with homoge-
neous customers in each segment. We derive a full equi-
librium characterization for this class of games in Online
Appendix A, thus augmenting the analysis from Section
3.2 by incorporating asymmetric capacities.

We use the superscripts N, R, and E to represent
quantities under uniform (nondiscriminatory) pricing,
price discrimination with pro rata capacity allocation,
and price discrimination with endogenous inventory
allocation, respectively.We use the superscripts u and p
to refer to QSC and PSC. Next, we examine the game
equilibrium as well as each firm’s expected price and
profit under price discrimination first with pro rata and
endogenous inventory allocation.

4.2.1. Pro Rata Capacity Allocation. Recall that under
pro rata capacity allocation, Firm i assigns Iui � (Du

∗I=D)
≥Du and Ipi � (Dp

∗I=D) ≥Dp. Consequently, the Ber-
trand competition game remains uncapacitated in each
segment. We derive the equilibrium by leveraging
Propositions 1 and 2.

Proposition 6. Under pro rata capacity allocation and low
demand (i.e., D ≤ I), Firm 1 earns Π

R,u
1 � 0, Π

R,p
1 � 0, and

Π
R
1 � 0, and Firm 2 earns Π

R,u
2 � 0, Π

R,p
2 �DuΔ, andΠ

R
2 �

DuΔ.

Proposition 6 shows that price discrimination is det-
rimental under pro rata inventory allocation. Indeed,
pro rata allocation does not create any market friction;
each segment remains uncapacitated, and price compe-
tition leads to a price race to the bottom. In the PSC seg-
ment, both firms price at marginal cost and thus, earn
zero profit. In the QSC segment, Firm 2 captures all cus-
tomers by charging a price of Δ. Thus, each firm earns
the lowest possible profit. This is in sharp contrast with
uniform pricing, where customer heterogeneity intro-
duces market frictions even in the absence of capacity
restrictions; recall from Section 4.1 that under uniform
pricing, Firm 2 cannot effectively cater to both customer
segments, hence creating an opportunity for Firm 1 to
earn a positive profit. Under price discrimination, how-
ever, each firm can tailor its pricing strategy to each
customer segment, resulting in a Bertrand price war
on each segment. This result is consistent with Corts
(1998), who shows that in an uncapacitated environ-
ment, price discrimination makes competition fiercer
(under homogenous customers).

These results underscore the crucial role of inventory
allocation; because price discrimination eliminates the
market frictions induced by customer heterogeneity,
the firms need to strategically create inventory short-
ages in order to restore frictions.We study this question
next.

4.2.2. Endogenous Inventory Allocation. This discus-
sion provides some intuition on the interactions
between inventory allocation and price competition,
suggesting that the firms should create a capacity
restriction in either segment (i.e., Dp ≤min{Ip1, Ip2} and

Figure 4. (Color online) Expected Profits as a Function ofDu (D � 20, pmax � 20, Δ � 5)
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Du ≤min{Iu1 , Iu2}). Given that the overall demand
exceeds the total capacity in the low-demand regime,
this implies that the firms should allocate their inven-
tory levels asymmetrically. This is shown formally in
Proposition 7.

Proposition 7. Consider the case with endogenous inven-
tory allocation under low demand (i.e., D ≤ I). We define
two allocation profiles: EA � (IEA,u

1 , IEA,u
2 ) � (I − (Dp=2), (1+

(Δ=pmax)=2)Du) and EB � (IEB ,u
1 , IEB ,u

2 ) � (((1−Δpmax)=2)Du,
I− (Dp=2)). If Du ≤ (D=1+ 2(1− (Δ=pmax))(Δ=pmax)), the
game admits two equilibria: EA and EB. Otherwise, the game
has the unique equilibrium EA. The expected profits are given
by

• Equilibrium A:

Π
EA

1 � IEA,p
1

Dp
(Dp − IEA,p

1 )pmax︸����������︷︷����������︸
Π

EA,p
1

+ (Du − IEA,u
2 )pmax︸�������︷︷�������︸

Π
EA ,u
1

� Dp

4
pmax︸��︷︷��︸

Π
EA,p
1

+
1 − Δ

pmax

2
Dupmax︸�������︷︷�������︸

Π
EA,u
1

,

Π
EA

2 � (Dp − IEA ,p
1 )pmax︸�������︷︷�������︸

Π
EA ,p
2

+ Iu2
Du − IEA,u

2

Du
pmax + Δ

( )
︸�����������︷︷�����������︸

Π
EA,u
2

� Dp

2
pmax︸��︷︷��︸

Π
EA,p
2

+ 1 + Δ
pmax

2

( )2
Dupmax︸��������︷︷��������︸

Π
EA ,u
2

:

• Equilibrium B:

Π
EB

1 � (Dp − IEB ,p
2 )pmax︸�������︷︷�������︸

Π
EB ,p
1

+ Iu1
Du − IEB,u

1

Du
pmax − Δ

( )
︸�����������︷︷�����������︸

Π
EB,u
1

� Dp

2
pmax︸��︷︷��︸

Π
EB,p
1

+ 1 − Δ
pmax

2

( )2
Dupmax︸��������︷︷��������︸

Π
EB ,u
1

,

Π
EB

2 � IEB ,p
2

Dp
(Dp − IEB,p

2 )pmax︸����������︷︷����������︸
Π

EB,p
2

+ (Du − IEB,u
1 )pmax︸�������︷︷�������︸

Π
EB ,u
2

� Dp

4
pmax︸��︷︷��︸

Π
EB ,p
2

+ 1 + Δ
pmax

2
Dupmax︸������︷︷������︸

Π
EB ,u
2

:

Proposition 7 suggests that the game admits one
or two equilibria. When two equilibria exist, we have

Π
EA

1 +Π
EA

2 �Π
EB

1 +Π
EB

2 . This implies that there is no Par-
eto dominance between the two equilibria. Moreover,
each equilibrium results in a “divide and conquer” strat-
egy; one firm earns a higher profit than its competitor in
one segment and a lower profit in the other segment.

Moreover, one can easily verify that in Equilibrium
EA, I

EA ,p
1 <Dp < IEA,p

2 and IEA,u
2 <Du < IEA,u

1 and that in

Equilibrium EB, I
EB,p
2 <Dp < IEB ,p

1 and IEB ,u
1 <Du < IEB,u

2 .
As a result, (asymmetric) inventory allocation creates
capacity shortages on each segment.

InEquilibriumEA, Firm2 allocatesmost of its inventory
to PSC, whereas Firm 1 allocates most of its inventory to
QSC. In other words, the firm with the higher-quality
product allocates most of its capacity to price-sensitive
customers in order to create a capacity shortage for the
quality-sensitive segment. Although this may appear
counterintuitive at first, the rationale is consistent with
our insights from Section 3.2; even though creating a
shortage limits the total number of QSC that Firm 2 can
serve, it also boosts the equilibrium price by introduc-
ingmarket frictions. In turn, the expected profitΠ

EA,u
2 is

higher than ΔDu, resulting in a profit gain for Firm 2
fromQSC.

Equilibrium EB has the opposite structure; Firm 2 allo-
cates most of its inventory to QSC, whereas Firm 1 allo-
catesmost of its inventory to PSC. Note that Equilibrium
EB holds for most values of Du but disappears when Du

is large. This can be explained as follows. Because at
Equilibrium EB, Firm 1 creates a shortage for QSC, Firm
2 can always lower its inventory on the QSC segment to
intensify the capacity constraint and raise the QSC price
to pmax. However, doing so would remove the capacity
constraints on the PSC segment, leading to zero profits
from PSC. Under this deviation, Firm 2 thus focuses
exclusively on QSC. When the PSC segment is relatively
small (i.e., when Du is large), this deviation is profitable
because the added profit from a higher price charged to
QSC offsets the profit loss because of the uncapacitated
price competition on the PSC segment.

4.2.3. Profits Comparison. Under either equilibrium,
both firms earn positive profits from both customer
segments. In each segment, one of the firms earns
exactly the secured profit from leftovers. At EA, Firm 1
earns (Du − IEA,u

2 )pmax fromQSC, and Firm 2 earns (Dp −
IEA ,p
1 )pmax from PSC; at EB, Firm 1 earns (Dp − IEB,p

2 )pmax

from PSC, and Firm 2 earns (Du − IEB,u
1 )pmax from QSC.

This is consistentwith Section 3, given that each segment
comprises homogeneous customers, hence inducing the
firms to undercut each other asmuch as possible.

We now turn to the main insight from this section;
under low demand, price discrimination coupled with
strategic inventory allocation yields the highest pro-
fit for both firms, followed by the uniform pricing

Cohen, Jacquillat, and Song: Price Discrimination and Inventory Allocation
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strategy. Price discrimination under pro rata capacity
allocation yields the lowest profits for both firms.
This is illustrated in Figure 5 and proved formally in
Proposition 8.

Proposition 8. Under low demand (i.e., D ≤ I), we have

Π
R
i ≤Π

N
i ≤Π

E
i for i � 1, 2 for either equilibrium EA or EB.

Proposition 8 suggests that price discrimination, by
itself, does not necessarily benefit firms under competi-
tion. Instead, firms only benefit from discrimination if
they allocate capacities strategically.

To interpret this result, let us underscore the three
sources of market frictions identified in this paper:
capacity shortages, quality differentiation, and customer
heterogeneity. Uniform pricing involves quality differ-
entiation and customer heterogeneity but not capacity
shortages (in the low-demand regime). In contrast, price
discrimination eliminates the friction from customer het-
erogeneity. As a result, under price discrimination with
pro rata capacity allocation, both firms perform worst—
even worse than under uniform pricing. In contrast,
price discrimination with endogenous capacity alloca-
tion introduces amarket friction from capacity shortages
because of asymmetric inventory allocation, therefore
improving the profits of bothfirms.

An interesting aspect of these results is that both
firms are better off under price discrimination with

endogenous inventory allocation relative to uniform

pricing: that is,Π
N
i ≤Π

EA

i andΠ
N
i ≤Π

EB

i for i � 1, 2. To
explain this result, Figure 6 plots the expected prices as
a function ofDu. Intuitively, one could think that under
discriminatory pricing, firms would reduce the price
charged to PSC and increase the price charged to QSC.
However, Figure 6 shows that it is not the case. Instead,
the expected prices charged to both segments are
higher under price discrimination (with endogenous
capacity allocation) relative to uniform pricing. This is
proved formally in Proposition 9.

Proposition 9. For i � 1, 2 and E ∈ {EA,EB}, E[pE,ui ] and
E[pE,pi ] are independent of Du. Moreover, the following in-
equalities hold.

• E[pEA,u
1 ] > E[pN1 ], E[pEA,p

1 ] > E[pN1 ], and E[pEB,p
1 ] >

E[pN1 ]. If Δ
pmax

< 0:3968, E[pEB,u
1 ] > E[pN1 ].

• E[pEA,u
2 ] > E[pN2 ], E[pEA ,p

2 ] > E[pN2 ], E[pEB,u
2 ] > E[pN2 ],

and E[pEB,p
2 ] > E[pN2 ].

Proposition 9 suggests that market frictions from
capacity restrictions have a stronger impact on prices
than market frictions from customer heterogeneity. In
other words, capacity restrictions induce price surges
in Bertrand competition even with homogenous cus-
tomers, so both firms are guaranteed significant profits
from leftover demand. In contrast, under unrestricted

Figure 5. (Color online) Profits Comparisons Under LowDemand (D � 20, pmax � 20, Δ � 7)

Notes. (a) Firm 1’s profits. (b) Firm 2’s profits. (c) Total profits (Firm 1 and Firm 2).

Cohen, Jacquillat, and Song: Price Discrimination and Inventory Allocation
12 Manufacturing & Service Operations Management, Articles in Advance, pp. 1–20, © 2022 INFORMS

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

76
.6

9.
16

5.
25

0]
 o

n 
13

 S
ep

te
m

be
r 

20
22

, a
t 0

4:
26

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



capacity with heterogenous customers, the firms still
face the risk of losing the entire market if their price
is too high. Ultimately, price discrimination with endog-
enous inventory allocation induces equilibrium prices
and higher profits relative to uniform pricing (despite
creating capacity constraints).

We conclude with some market-level remarks. First,
total profits (across Firm 1 and Firm 2) are highest under
discriminatory pricing with endogenous capacity alloca-
tion; moreover, under uniform pricing, the total profits are
maximized with heterogenous customers (Figure 5(c)).
This mirrors our firm-level findings, indicating an overall
alignment between industry-level and firm-level incen-
tives. At the same time, the settings leading to higher
profits (e.g., uniform pricing under customer heteroge-
neity and discriminatory pricing with endogenous
capacity allocation) come at the expense of charging
higher prices to customers (Figure 6). Although surplus-
maximizing analyses fall outside the scope of this paper
(because our framework does not include a customer
utility component), our results highlight the impact of
market frictions created by quality differentiation, cus-
tomer heterogeneity, and capacity restrictions on prices
and producer surplus.

In summary, price discrimination is not necessarily
beneficial under price competition because it eliminates
the market frictions from customer heterogeneity. How-
ever, firms can increase their profits by adopting a price
discrimination strategy combined with strategic inven-
tory allocation across customer segments—by reintro-
ducing capacity constraints for each customer segment.

5. High-Demand Regime
We now assume that D ≥ 2− (Δ=pmax)( )

I: that is, cus-
tomer demand is close to the overall capacity of both
firms. The proofs of our statements are relegated to
EC.4. Most of the insights established in the low-
demand case continue to hold under high demand.
Online Appendix D further establishes the robustness
of our findings numerically under moderate demand:
that is,D ∈ I, 2− (Δ=pmax

( ))I( )
.

5.1. Uniform Pricing
The demand structure is given by

D1(p1, p2) �

I if p1 + Δ < p2,

min
Du

2
+Dp, I

{ }
if p1 + Δ � p2,

Dp +min{I −Dp, 0}
+max{Du − I, 0} if p1 < p2 < p1 + Δ,

D −min Du +Dp

2
, I

{ }
if p1 � p2,

D − I if p1 > p2:

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
D2(p2, p1) � D −D1(p1, p2):
The firms’ profits depend on whether Dp ≥ I or Dp < I,
whether Du ≥ I or Du < I, whether Dp + (Du=2) ≥ I or
Dp + (Du=2) < I, and whether Du + (Dp=2) ≥ I or Du +
(Dp=2) < I (because of demand rationing). We say that
the market is dominated by PSC (QSC) when Dp ≥ I
(Du ≥ I). In either of these cases, the game is equivalent
to the earlier settings with homogenous customers
(Section 3.2). Indeed, whenDp ≥ I, Firm 1’s and Firm 2’s
market shares only depend on whether p1 < p2, p1 � p2,
or p1 > p2; similarly, whenDu ≥ I, Firm 1’s and Firm 2’s
market shares only depend on whether p1 +Δ < p2,
p1 +Δ � p2, or p1 +Δ > p2. In between, when Du ∈
(D− I, I), we can still characterize theNash equilibrium.
This is reported in Proposition 10.

Proposition 10. Under heterogenous customers and high
demand (i.e., D ≥ (2− (Δ=pmax))I), there exists a unique
mixed-strategy Nash equilibrium (F1, F2) characterized as
follows.

• When Du ≤D− I (or equivalently, Dp ≥ I), the unique
Nash equilibrium is identical to the one in Proposition 1 for
D ≥ I. The expected profits satisfyΠ1 �Π2 � (D− I)pmax.

• When Du ≥ I, the unique Nash equilibrium is p1 � p2 �
pmax. The expected profits satisfyΠ1 � (D− I) pmax andΠ2 �
Ipmax.

Figure 6. (Color online) Expected Prices Comparisons Under LowDemand (Parameters:D � 20, pmax � 20, Δ � 5)

Notes. (a) Firm 1’s expected prices. (b) Firm 2’s expected prices.
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• When Du ∈ (D− I,D), we define p � Du
I pmax. The

unique Nash equilibrium is given by

F1(p1) � I − Dupmax
p1

I−Du
, ∀p1 ∈ [p ,pmax],

F2(p2) �
Dp − DuDp

I
pmax
p2

I −Du
, ∀p2 ∈ [p,pmax),

QF2(pmax) � 1−Dp

I
:

The expected profits satisfy Π1 � DuDp

I pmax and Π2 �
Dupmax.

When Du ∈ (D− I,D), both firms play mixed strat-
egies in [p,pmax], where p is defined such that Firm 2 is
indifferent between serving I customers at p or Du cus-
tomers at pmax. Figure 7 depicts the cumulative distribu-
tion functions of both firms’ mixed strategies under
different values of Du. In this example, starting from
Du� 8 (i.e.,Dp � I � 12), we obtain the same equilibrium
as in the setting with homogenous PSC; at the other
extreme, when Du � I � 12, we obtain the same equili-
brium as in the setting with homogenous QSC. In
between, each firm’s price increases with Du (in a sto-
chastic dominance sense).Moreover, for any value ofDu,
Firm 2 plays higher prices than Firm 1 (also in a stochas-
tic dominance sense). Because Firm 2 is guaranteed to
serve QSC, it can charge higher prices than Firm 1; in
contrast, Firm 1 needs to play lower prices in order to
increase its likelihood to serve PSC. These two results
are formally summarized inCorollary 1.

Corollary 1. For any d1,d2 ∈ [0,D] with d1 < d2, each
firm’s mixed strategy when Du � d1 is stochastically domi-
nated by its mixed strategy when Du � d2. Additionally, for
any value of Du, Firm 1’s mixed strategy is stochastically
dominated by Firm 2’s mixed strategy.

We observe an important difference between the
low- and high-demand regimes. In the low-demand
regime, each firm’s expected price was unimodal with
Du. Specifically, both firms were decreasing their prices
asDu increasedwhenQSCs account for themajority of the

market. This switch was motivated by both firms’ incen-
tives to compete for QSC and by the concerns of losing all
the customers to the competitor. However, in the presence
of capacity constraints (i.e., in the high-demand regime),
both firms already set high prices in [pmax −Δ,pmax], so
that all QSCs always prefer Firm 2’s product. As a result,
both firms effectively compete only for PSC. This differ-
ence results in monotonic prices played by both firms as a
function ofDu in the high-demand regime.

Figure 8 plots the expected prices and profits as a func-
tion of Du. Figure 8(a) illustrates Corollary 1, showing
that each firm’s expected price increases when Du

increases from D – I to I and that Firm 2 plays a higher
expected price than Firm 1. Figure 8(b) confirms ourfind-
ing fromSection 4.1; Firm2 earns a higher expectedprofit
as the proportion of QSC increases, whereas Firm 1 earns
a higher expected profit when the customer pool is more
heterogenous—as opposed tomore price sensitive. In the
high-demand regime, Firm1’s expectedprofit is the highest
when the proportions of PSC and QSC are exactly equal.
This result stems from similar reasons as in the low-
demand regime. When the market is dominated by PSC,
Firm 2 charges lower prices to serve more customers over-
all, and Firm 1’s expected profit is (D− I)pmax. When the
market is dominated byQSC, Firm 2 charges pmax (because
it will always capture I customers), and Firm 1’s expected
profit remains (D− I)pmax. However, in between, Firm 2
cannot effectively cater to both customer segments simulta-
neously, thusprovidinganopportunity forFirm1 toexploit
customer heterogeneity and earn a strictly higher profit
than (D− I)pmax. This result is formalized inProposition 11.

Proposition 11. Π2 is increasing with Du, and Π1 is
maximized when Du � 0:5D.

5.2. Discriminatory Pricing
Wenow investigate the competition dynamics under price
discrimination. Note at the outset a major difference with
the low-demand regime, in that whenD ≥ 2− (Δ=pmax)( )

I,

competition remains capacitated regardless of the firms’

Figure 7. (Color online) Mixed-StrategyNash Equilibriumwith Heterogeneous Customers (D � 20, I � 12, pmax � 20, Δ � 8)

Notes. (a) Firm 1. (b) Firm 2.
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inventory allocation decisions. Therefore, price discrimi-
nation weakens but does not eliminate the market fric-
tions from capacity restrictions; vice versa, endogenous
inventory allocation can only strengthen as opposed to
restore thesemarket frictions.

Unlike in the low-demand regime, pooled capacity
and pro rata capacity allocation are no longer strictly
equivalent under uniform pricing. For consistencywith
the previous section, we consider discriminatory pric-
ing with pro rata capacity allocation as a benchmark,
which is natural and easy to implement. In Online
Appendix C, we consider the additional benchmark of
uniform pricing with pro rata capacity allocation. We
show that the results under uniform pricing with either
pooled capacity (Section 5.1) or pro rata capacity alloca-
tion (Online Appendix C) yield similar insights. Thus,
this paper identifies the impact of price discrimination
(by comparing uniform pricing with pooled capacity
and pro rata capacity allocation versus discriminatory
pricing with pro rata capacity allocation), the impact of
endogenous capacity allocation (by comparing discrim-
inatory pricing with pro rata capacity allocation versus
endogenous capacity allocation), and their joint impact.

5.2.1. Pro Rata Capacity Allocation. The inventory lev-
els allocated to the QSC segment satisfy (Du − Iu2 )pmax ≥
Iu1 (pmax −Δ). Thus, both firmswill set their price at pmax,
so that Firm 1 earns (Du − Iu2 )pmax and Firm 2 earns
Iu2pmax; in the PSC segment, both firmswill play amixed
strategy and earn (Dp − Ip1)pmax (Section 3.2). This is
reported in Proposition 12.

Proposition 12. Under pro rata capacity allocation and high

demand (i.e., D ≥ 2− (Δ=pmax)( )
I), Firm 1 earns Π

R,u
1 �

1− (I=D)( ) Dupmax, Π
R,p
1 � 1− (I=D)( )Dppmax, and Π

R
1 �

(D− I)pmax, and Firm 2 earns Π
R,u
2 � (I=D)Dupmax, Π

R,p
2 �

1− (I=D)( )Dppmax, and Π
R
2 � (D− I)pmax + (2I=D) − 1( )Dupmax.

As before, Firm 1 earns exactly the secured profit
from leftovers, (D− I)pmax. In contrast, Firm 2 earns an

extra 2I
D − 1
( )

DuΔ because of its quality advantage. More-

over, Firm 2’s profit increases linearly withDu, suggesting
that more quality-sensitive customers create a more favor-
able environment for the firm with the higher-quality
product (underpro rata capacity allocation).

5.2.2. Endogenous Inventory Allocation. Because of
the capacity constraints, the game admits three types of
equilibria. Equilibria EA and EB are analogous to the
two equilibria from the low-demand regime. The third
one, Equilibrium EC, admits a complex representation
but yields similar insights as Equilibrium EA (details
are omitted for conciseness).

Proposition 13. We define a � (Δ=pmax). Under endoge-
nous inventory allocation and high demand (i.e.,
D ≥ 2− (Δ=pmax)( )

I), there exist three types of equilibria.
• Equilibrium EA always exists and is given by

EA � IEA ,u
1 , IEA ,u

2

( )
�

I −Dp

2
,
1 + Δ

pmax

2
Du

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠,

if Du ≤ 2I −D,

I −Dp

2
,
Du + Δ

pmax
I −Dp

2

( )
2

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠,

if 2I −D < Du <
2pmax

Δ
− 1

( )
(2I −D),

I −Dp

2
, I −Dp

2

( )
,

if
2pmax

Δ
− 1

( )
(2I −D) ≤ Du ≤ D:

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
• Equilibrium EB is given by EB � IEB ,u

1 , IEB ,u
2

( )
�

1− (Δ=pmax)( )
Du=2, I − (Dp=2)

( )
. EB exists if and only if

Du < D̃u, where D̃u is the unique positive root of the fol-
lowing polynomial:

(a4 − 3a3 + 2a2 + a)D2
u + (4aD− 2a2D− 10aI+ 6a2I)Du

+ (D2 − 4ID+ 4I2) � 0:

Figure 8. (Color online) Expected Prices and Profits as Functions ofDu (D � 20, I � 12.5, pmax � 20, Δ � 8)

Notes. (a) Expected prices. (b) Expected profits.
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In particular, a necessary condition for EB to exist is
Du < 0:112D.

• When I− Dp

2 < (Du=(a+ 2− 2
��
a

√ )), Equilibrium EC

exists, under which both firms charge pmax to QSC.

As in the low-demand regime, EquilibriumEA results in
more inventory allocated to QSC by Firm 1 and more
inventory allocated to PSC by Firm 2. The converse is true
for Equilibrium EB; Firm 1 allocates more inventory to
PSC, and Firm 2 allocates more inventory to QSC. As
before, Equilibrium EB exists only for small values of Du.
Indeed, asDu increases, Firm 2may find a profitable devi-
ation by lowering its inventory for QSC so that Iu2 �
Du − 1− (Δ=pmax)( )

Iu1 , bringing more market frictions to
the QSC competition and leading both firms to charge
pmax.

The new equilibrium, EC, is the outcome of such a
deviation.9 This equilibrium did not exist under low
demand because it shifts some capacity from QSC to
PSC, and under low demand, PSC competition
becomes uncapacitated; in turn, Firm 1 restricts its own
capacity allocated to PSC, leading to Equilibrium EA.
Under high demand, however, capacity constraints are
such that PSC competition remains capacitated under
EC, and both firmsmake positive profits fromPSC.

From this reasoning, EquilibriaEB andEC cannot coexist.
Indeed, Equilibrium EC exists only whenDu is higher than
a certain threshold. In contrast, Equilibrium EB exists only
for (very) small values ofDu (Du < 0:112D). This is because
PSC competition remains capacitated under high demand,
so Firm 2 ismore likely to deviate from EB. Note that there
exist instances where neither Equilibrium EB nor EC exist,
inwhich case the gamehasEA as its unique equilibrium.

5.2.3. Profits Comparison. Because EA always exists,
EB only exists for small values of Du, and EC leads to
similar insights as EA, we focus on equilibrium EA and
index it byE.

As in the low-demand regime, one of the two firms
will earn exactly the secured profit from leftovers in
each segment—a result from competitive pricing. More
precisely, we have the following:

Π
E
1 � Ip1

Ip2
(Dp − Ip1)pmax︸�������︷︷�������︸

Π
E,p
1

+ (Du − Iu2 )pmax︸�����︷︷�����︸
Π

E,u
1

,

Π
E
2 � (Dp − Ip1)pmax︸�����︷︷�����︸

Π
E,p
2

+
Iu2

Du − Iu2
Du

pmax + Δ

( )
, if Du ≤ 2I −D,

Iu2
Du − Iu2

Iu1
pmax + Δ

( )
, if 2I −D < Du <

2pmax

Δ
− 1

( )
(2I −D),

Iu2pmax, if
2pmax

Δ
− 1

( )
(2I −D) ≤ Du ≤ D:

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩︸��������������������������︷︷��������������������������︸
Π

E,u
2

Again, pro rata capacity allocation is consistently
dominated by endogenous inventory allocation (see
Proposition 14). As opposed to low demand, competi-
tion remains capacitated. Yet, firms still benefit from
endogenous inventory allocation to strengthen capacity
shortages in both segments.

Proposition 14. Under high demand, we have Π
R
i ≤Π

E
i

for i � 1, 2.

We turn to the profit comparison between Π
E
(price

discrimination with endogenous inventory allocation)
and Π

N
(uniform pricing). Unlike the low-demand

regime, there is no strict dominance between these two
quantities—the most profitable strategy depends on the
value of the demand, specifically whether D ∈ 2−([
(Δ=pmax))I, (4pmax − 3Δ)=(2pmax −Δ)I] orD ∈ (4pmax − 3Δ)=[
(2pmax −Δ)I, 2I], and on the balance of PSC and QSC.
The formal result is stated in Proposition 15. Figures 9
and 10 depict the firms’ profits and expected prices,
respectively, when D ∈ 2− (Δ=pmax)( )

I, (4pmax − 3Δ)=[
(2pmax −Δ)I].

Proposition 15. When comparing the profits with and
without price discrimination, we have the following.

• For Firm 1, Π
E
1 is decreasing with Du, with the mini-

mum value (D− I)pmax. There exist two thresholds D̂1 and

D̂2 such thatΠ
E
1 <Π

N
1 if and only if Du ∈ (D̂1, D̂2).

• For Firm 2, Π
E
2 is decreasing with Du, with the maxi-

mum value Ipmax. If (4pmax − 3Δ)=(2pmax −Δ)I ≤D ≤ 2I,

then Π
E
2 ≥Π

N
2 . If 2− (Δ=pmax)( )

I ≤D < (4pmax − 3Δ)=
(2pmax −Δ)I, then there exist two thresholds D̃1 and D̃2

such thatΠ
E
2 <Π

N
2 if and only if Du ∈ (D̃1, D̃2).

Proposition 15 suggests that price discrimination
(with endogenous inventory allocation) can still be
beneficial. Yet, there exist cases where uniform pric-
ing yields the highest profits for both firms, namely
when demand is not too high (relative to capacity)
and market heterogeneity is strong (i.e., Du is around
half of the market). This contrasts the low-demand
regime, where price discrimination with endogenous
inventory allocation consistently dominated uniform
pricing.

In Corollary 2, we derive analytical bounds on the
profit ratios under the different pricing strategies. This
result shows that under high demand, the differences
between price discrimination and uniform pricing
remain bounded within 6%–27%. This stems from the
capacity constraints, which ensure a minimum level of
profitability for both firms, regardless of the pricing
strategy. Moreover, the impact of the pricing strategy is
more substantial for Firm 2 (between −27% and +13%)
than for Firm 1 (66%–7%). This again underscores that
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the quality differential provides greater opportunities for
Firm 2 to leverage each pricing strategy, whereas Firm 1’s
strategy remainsmore constrained, and as a result, its prof-
its remain closer to the securedprofits from leftovers.

Corollary 2. Under high demand, we have Π
N
1 =Π

E
1 ∈

15=16,16=15[ ) andΠN
2 =Π

E
2 ∈ [0:731,1:13).

We next investigate the impact of price discrimina-
tion (with endogenous capacity allocation) versus uni-
form pricing as a function of Du (based on Figure 9).
The observations are threefold.

• When Du is small, both firms earn higher profits
under price discrimination. Because firms cannot
reduce their inventory in both segments, they cannot
charge high prices in both segments simultaneously.
Most customers being price sensitive, both firms focus
on PSC and end up charging higher prices to PSC than
to QSC—a surprising outcome, given that QSCs place a
premium on quality. In other words, firms use inven-
tory allocation as a strategic lever to create capacity
shortages (hence, more market frictions) in the most
prevalent segment—here, the PSC segment. In turn,
both firms earn higher profits than uniform pricing.

• When Du is large, under either pricing strategy,
both firms play pmax, Firm 1 earns (D− I)pmax, and
Firm 2 earns Ipmax. As Du increases, both firms increase
their prices, regardless of the pricing strategy—dis-
criminatory pricing or uniform pricing. Recall that both

firms play pmax under the uniform pricing strategy.
Under price discrimination, both firms focus on QSC
and hence, allocate no spare capacity to PSC. As a
result, both firms can charge pmax to PSC (because of
capacity restrictions) and can also charge pmax to QSC
(because of quality sensitivity).

• When Du is intermediate, there exists instances
where Firm 1 earns a higher profit under uniform
pricing; for Firm 2, there exist values ofD such that uni-
form pricing yields a higher profit than price discrimi-
nation. Recall that for Firm 1, Π

N
1 is the highest under

strong customer heterogeneity: that is, for intermediate
values of Du (Section 5.1). At the same time, Π

E
1

decreases as Du increases, hence guaranteeing an inter-

val in whichΠ
E
1 <Π

N
1 .

Next, Firm 2’s profit increases with Du under either
strategy, but the profit sources are different. Under
uniform pricing, Firm 2 focuses on QSC and charges
pmax when Du ≥ I. Under price discrimination, Firm
2’s profit comes from both segments. When D ∈
(4pmax − 3Δ)=(2pmax −Δ)I, 2I[ ]

, the capacity constraints
are so strong that competition is more likely to lead to a
price of pmax, so that Π

E
2 ≥Π

N
2 . In contrast, when D ∈

[ 2− (Δ=pmax)( )
I, (4pmax − 3Δ)=(2pmax −Δ)I], Firm 2 can

only charge pmax for the highest values of Du, but
there exist intermediate values of Du where Firm 2
can charge pmax under uniform pricing but not under
price discrimination; so, ultimately, uniform pricing

Figure 9. (Color online) Expected Profits When 2− Δ
pmax

( )
I ≤D < 4pmax−3Δ

2pmax−Δ I (D � 20, pmax � 20, I � 11, Δ � 5)

Notes. (a) Firm 1. (b) Firm 2. (c) Firm 1 + Firm 2.

Cohen, Jacquillat, and Song: Price Discrimination and Inventory Allocation
Manufacturing & Service Operations Management, Articles in Advance, pp. 1–20, © 2022 INFORMS 17

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

76
.6

9.
16

5.
25

0]
 o

n 
13

 S
ep

te
m

be
r 

20
22

, a
t 0

4:
26

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



can outperform price discrimination (as shown in
Figure 9).

At the industry level, Figure 9 shows that total profits
exhibit a similar pattern as Firm 2’s profits (because
Firm 1’s profit variations are comparatively small).
Price discrimination can, therefore, still be beneficial at
the industry level, but there exist cases where uniform
pricing is more profitable. As in the low-demand
regime, price discrimination can have adverse effects
on customers, who will pay higher prices at the equili-
brium. Under high demand, we also observe a mis-
match between discriminatory pricing outcomes and
customer preferences. More precisely, price-sensitive
customers may pay a higher price than under uniform
pricing (Figure 10), and at the same time, quality-
sensitive customers may face capacity restrictions from
the firmwith the high-quality product.

In summary, under high demand, there is no strict
dominance between uniform and discriminatory pric-
ing. Because of capacity constraints, uniform pricing
secures a high level of baseline profits for both firms.
Price discrimination (when combinedwith endogenous
inventory allocation) is still generally beneficial; yet,
firmsmay be better off under uniform pricingwhen the
market demand is not too high and under strong cus-
tomer heterogeneity. Regardless, price discrimination
with exogenous pro rata capacity allocation performs
consistentlyworst, as in the low-demand regime.

6. Conclusion
This paper studies Bertrand competition in the presence
of product differentiation, customer heterogeneity, and
price discrimination. The technical results of this paper
fall into four categories. First, we established the exis-
tence and uniqueness of the Nash equilibrium of the
price competition game featuring customer heterog-
eneity and quality differentiation. Second, we consid-
ered price competition games featuring homogenous
(price-sensitive or quality-sensitive) customers, quality

differentiation, and capacity differentiation. Third, we
characterized the subgame-perfect equilibria of the two-
stage inventory-price competition game under price
discrimination. Fourth,we conducted extensive compar-
isons between expected prices and expected profits
under uniform and discriminatory pricing (with either
pro rata or endogenous inventory allocation).

Our results shed light on the impact of customer het-
erogeneity and price discrimination on firms’ pricing
strategies and resulting profits. First, we conveyed that
the firmwith the higher-quality product benefits from a
more quality-sensitive market, whereas the firm with
the lower-quality product benefits from a more hetero-
geneous customer pool (as opposed to a more price-
sensitive pool). This result underscores that customer
heterogeneity introduces a market friction that enables
firms to escape from the price race to the bottom. Alto-
gether, three sources of market frictions are present in
our Bertrand competition game: capacity restrictions,
quality differentiation, and customer heterogeneity.
Second, price discrimination can only be beneficial
under competition if coupled with strategic inventory
allocation. Namely, price discrimination eliminates the
market frictions induced by customer heterogeneity
and can thus be detrimental under competition. As
such, strategic inventory allocation plays a critical role
in price discrimination by restoring (or strengthening)
market frictions from capacity restrictions on each cus-
tomer segment.

In summary, recent advances in data collection, cus-
tomer segmentation practices, and price discrimination
capabilities create opportunities for firms to design tail-
ored pricing strategies and increase their profits. At the
same time, price discrimination can end up being detri-
mental under competition. We show that when com-
peting firms can commit to a capacity allocation
strategy prior to engaging in price discrimination (a set-
ting motivated by real-world examples featuring
regional pricing and local inventories, such as fast

Figure 10. (Color online) Expected PricesWhen 2− Δ
pmax

( )
I ≤D < 4pmax−3Δ

2pmax−Δ I (D � 20, pmax � 20, I � 11, Δ � 5)

Notes. (a) Firm 1. (b) Firm 2.
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fashion and vaccines), firms should comprehensively
revisit their inventorymanagement strategies concomi-
tantly with designing their pricing strategies. Other-
wise, uniform pricing may be preferable—that is, price
discrimination, although seemingly beneficial, should
not be blindly adopted. Ultimately, we hope that these
findings will open new research avenues to further
understand the trade-offs between discriminatory and
uniform pricing under competition and the critical role
of capacitymanagement in this context.
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Endnotes
1 See https://www.businessinsider.com/hm-zara-compared-photos-
details-2018-5.
2 See, for example, https://us.fashionnetwork.com/news/zara-worldwide-
pricing-strategy-revealed-by-study,544318.html.
3 See https://www.beckershospitalreview.com/pharmacy/covid-19-
vaccine-prices-vary-greatly-among-countries.html and https://www.
pharmaceutical-technology.com/features/covid-19-vaccine-pricing-
varies-country-company/.
4 Our focus on a noncooperative setting is consistent with the litera-
ture on Bertrand competition. From a practical standpoint, this is
motivated by antitrust laws requiring that companies establish pri-
ces without colluding with competitors; in the United States, for
example, the Sherman Anti-Trust Act (enacted in 1890) prohibits
any agreement among competitors to fix prices, rig bids, or engage
in any other form of anticompetitive activities.
5 We show in EC.6 that demand stochasticity does not alter the
structure of the game.
6 In EC.5, we extend our model to combine the results under cus-
tomer heterogeneity from this paper with the results under cost
asymmetry from the literature (Blume 2003, Kartik 2011, Demuynck
et al. 2019).
7 In EC.7, we extend our model to a more general setting by defin-
ing two segments with different levels of quality sensitivity. The
resulting game reduces to our homogenous setting in Section 3.2
(when αA and αB are close) or to our heterogenous setting in Section
4.1 (when αA and αB are farther apart).
8 As established in Online Appendix C, pooled capacity and pro rata
inventory allocation either are identical (under low demand) or gener-
ate similar insights (under high demand) when pricing is uniform.
9 In fact, there exist infinitely many equilibria that share the same
features as EC, with both firms charging pmax to QSC and Firm 1
earning (D− I)pmax. With some abuse of notation, we denote this set
of equilibria as EC.
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