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SUMMARY

Business intelligence tools have enabled novel and relatively low-cost capabilities to collect
and analyze vast amounts of customer information. Accumulation of customer specific
information along with transactional data empowers firms to categorize customers into segments
and offer customized prices. The impact of smart pricing on competition, consumer purchase
behavior and social welfare in a game-theoretic model with two asymmetric firms is studied.

Three issues that were neglected in the smart pricing literature are identified. First, segment
granularity has not been analyzed in detail. Second, product costs were assumed to be uniform.
Third, information quality regarding customer preferences and customer privacy were not
analyzed in depth. Those three issues are analyzed in detail.

First, a basic game-theoretical model where customers differ in brand loyalty and respond
differently to firms' products and promotions is introduced. Firms estimate individual customer
price tolerance using business intelligence technology. Then, the basic model was extended to
study segment granularity, product cos, privacy-conscious customers and classification errors.

Contrary to previous findings, analysis shows that firms do not necessarily become worse off
when firms are able to categorize customers into multiple segments. Firms have strong incentive
to acquire business intelligence technology to increase their profits and improve market share.
The firm dominating the industry is likely to improve its profits at the expense of the rival firm,
and consumer welfare will increase with business intelligence. Two fundamental parameters,
market dominance and the technology cost to industry dominance ratio, are introduced to study
business intelligence adoption decisions, as a basis for our analytical approach. High technology

cost coupled with high dominance indicator results in a situation in which only very dominant
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firm acquires business intelligence. Smart pricing and business intelligence leads to lower prices
for price-sensitive customers, but higher pricesto loyal customers.

Product cost has been ignored in past smart pricing studies as either negligible or equal for all
firms. Previous literature implicitly assumes that product cost differential can be aggregated into
the price tolerance, and thus product cost can be assumed away. However, product cost and
price tolerance are in fact independent of each other, and thus must be examined separately. By
using a game-theoretical model with two asymmetric firms, unequal product costs, and variable
customers price tolerance, this study proves that a change in product cost does not translate into
a correlated adjustment of the price tolerance. Moreover, a whole spectrum of subcases
parameterized on product cost differential and price tolerance is uncovered. Four distinct classes
whose equilibrium conditions are significantly different in terms of market share, prices and
profits has been identified. The case where product cost is considered to be negligible or equal
across firms is shown to be but one special case.

Privacy-conscious customers could inhibit firms data collection initiatives, resulting
therefore in incorrect segmentation. Moreover, firms even could make classification errors due
to imperfect business intelligence systems. The impact of information quality and size of
privacy-conscious customers are also analyzed by using a duopolistic non-cooperative price
discrimination model. When only one firm has sole access to business intelligence, the firm
becomes more competitive, retains its loyal customers and even attracts its rival’s loyal
customers due to flexibility in pricing, The firm with the business intelligence capability
improves its market share and profit at the expense of other firm. An improvement in

information quality increases profitability of the firm with business intelligence capability as



expected. Surprisingly, overall prices in the market go up as the firm with business intelligence
capability indirectly affectsthe pricing strategies of the other firm.

When both firms have business intelligence, lower prices are offered to customers. This
result is counter-intuitive. Even though, smart pricing is not considered as fair by customers, it
drastically improves the level of competition which leads to more affordable prices. As both
firms have access to business intelligence, competition confines to individual segments. Most
important contribution of this study is that an increase in information quality lower firms' profits

as this makes them more competitive.



. INTRODUCTION

1.1 Introduction

Firms have devoted considerable human and technical resources to build business
intelligence capabilities to collect and analyze vast amount of customer information. Gartner
Group, a leading technology-related research firm, reported that Bl was the top priority among
companies in 2006, and the trend has since accelerated. Firms infer customers' price sensitivity
and product preferences by analyzing customer information such as purchasing history, age,
income and demographics. For example, for several years Capital One has used customer
demographicsto tailor credit cards to its customers (Kumar and Reinartz, 2005). By analyzing its
huge database, Capital One personalizes credit cards taking into account individual needs like
credit limit, credit card design, rebate program, and annual fees. Firms also use Bl for market
segmentation, the practice of partitioning customers into different groups within which
customers have similar characteristics, needs and wants. Segments form homogeneous sub-
markets, whose customers respond similarly to firms product offerings (Dickson and Ginter,
1987).

When customers make a purchase, the transaction is recorded in digital format and a digital
trail is left in firms databases. Companies often use transactional data along with information
from a number of other sources to segment the customers. An example is Swipely, a social
network for sharing information about credit card purchases (Prior, 2010). By analyzing the
current trends and purchasing patterns, Swipely helps firms to implement loyalty programs and
special offers for a targeted set of customers. Another example is Cardstar, a startup that
introduced a loyalty-card mobile phone application to help firmsto attract cusomers and reward

their loyal customers. Customers register their loyalty cards through a mobile application and



then start getting customized promotions. Cardstar keeps track of customer purchases for a
multitude of firms through a credit card or mobile application payments (Lapowsky, 2010). It is
able therefore to share a customer’s historical purchase behavior across these firms. Clearly,
Cardstar is able to provide purchase data of a competitor’s customers. It even goes so far as to
provide data when consumers shop a a competitors store.

Firms have a keen interest in collecting customer information such as age, income and
purchasing history. Automated profiling, combining customer information from a number of
sources to figure out consumer’ s purchase behavior, is reported to have been common as early as
in 1993 (Clarke, 1993). An average American is estimated to be profiled at least 25 times in
electronic databases (Shapiro and Varian, 1998). The Direct Marketing Association estimated the
number of consumer mailing lists to be 15,000 in 1996, containing 2 billion names (including
duplicates) (Crawford, 1996). Declining cost of hardware and software for the collection and
analysis of customer information, and the concomitant increase in competition, has fueled the
interest further.

Business intelligence, which can be defined as technologies, applications, and practices for
the collection, integration, analysis, and presentation of business information to better understand
firm's businesses and customers, has been steadily gaining in popularity. A recent study
conducted by the Aberdeen group revealed that 76% of retailers currently use or have budgeted
plans for business intelligence (Aberdeen Group, 2006). Another study conducted by Gartner
Group has recently shown business intelligence applications to be the topmost technology
priority for most firms (Pettey and Goasduff, 2009). Despite the popularity of business

intelligence tools in industry and the continuous improvement in their sophistication, there has



been a lack of rigorous research on the economic implications of business intelligence on prices,
customers and firms. Worse, current studies show conflicting results.

Firms can proactively tailor products and services to individual customers based on their
personal preferences. For example, Principal Financial Group delivers personalized investment
advice and customer service to a fragmented customer base and sells retirement plans,
supplementary mutual funds and insurance by collecting high-quality data about demographics,
life milestones, and benefits-enrollment habits of its customers (Ricadela, 2006). Amazon.com
suggests similar products to customers by analyzing customers' purchase patterns. Customers
definitely profit from personalized offers and products. However, business intelligence tools can
aso harm some customers financially. Firms can offer higher prices to price-insensitive
customers as business intelligence offers the capability of identifying them. By analyzing
competitive effects, seasonal factors, product switching, customer loyalty, preference and habits,
firms can boost their profits by optimizing their pricing policies.

Price discrimination is thus the practice of charging different consumers different prices for
similar products or services when price difference in the market is not proportional to difference
in marginal costs (Stigler, 1987). Price discrimination has been studied by researchers in
economics, marketing, and information systems. Price discrimination terminology slightly
varies from one discipline to the next. In fact, price discrimination, price differentiation and
dynamic pricing are generally used interchangeably. We use the term smart pricing and price
discrimination interchangeably in this study. Several firms practice smart pricing. Amazon, for
example, extensively used a direct form of price discrimination in 2000, although it had to retreat

somewhat as soon as there was a public outcry (Streitfeld, 2000; Krugman, 2000). Amazon and



other online retailers still resort to smart pricing by implementing reward/loyalty programs and
coupons.

Smart pricing is not a new pricing strategy. Railroad companies practiced it more than a
century ago, and airlines pursue various forms of it. Advances in information technology are
enabling novel ways to collect and analyze vast amount of customer information, and in turn, to
exploit this information for the classification of customers into price discriminated categories.
For example, more than 2 million customers -- who supply an abundance of transactional data to
businesses to tailor their products and services -- have downloaded CardStar’'s mobile
application. Firms are increasingly better informed about their customers' purchasing behaviors,
and have available more sophisticated tools for price discrimination analysis. However, it is
important to reiterate that, despite advances in the development of the business intelligence tools,
their economical implications have not been adequately studied in the literature.

Firms cannot thus engage in smart pricing without being able to predict customers price
sensitivity accurately, which in turn depends on their ability to  collect voluminous data
regarding seasonal factors, cusomer loyalty, and preference information. But data collection
efforts may run against the resistance of privacy-conscious consumers, who may be wary of its
misuse. Indeed, consumers privacy valuations play a greater role in determining the success of
firms' price discrimination attempts. This study will examine the gap in the literature about the
impact of privacy-conscious customers on effective price discrimination.

While there have been extensive developments in business intelligence, its impact on firm
profitability, competition, and market and consumer welfare have received comparatively little
attention. Most studies in this area have been done in economics. They do suffer from three

common important weaknesses. First, previous smart pricing studies did not explore segment



granularity in detail. Second, product costs were assumed to be uniform. This ruled out the
possibility that a low-cost firm might have gained advantage through the use of business
intelligence tools. Third, privacy-conscious customers could inhibit firms data collection
initiatives, resulting therefore in incorrect segmentation. Besides, firms could make wrong
inferences about customers even though they have the best tools in the market.

Our research will first analyze the above drawbacks in detail, and propose game theoretic
models, which are more likely to capture the characteristics of practical scenarios, including
privacy concerns. We analyze segment granularity in chapter 3. Product cost is studied in
chapter 4. Finally, the impact of privacy-conscious customers and wrong predictions are

explored in chapter 5.

1.2. Literature Review

1.2.1 Information Privacy

Privacy is a complicated concept that is difficult to define at a theoretical level in a single and
logically-consistent manner. Post (2001) describes the complexity of the concept as “Privacy isa
value so complex, so entangled in competing and contradictory dimensions, so engorged with
various and distinct meanings, that | sometimes despair whether it can be usefully addressed at
all.” Privacy is a multi-disciplinary concept encompassing law, philosophy, sociology, political
science and economics. This dissertation focuses on economic aspects of privacy. Specifically,
the study incorporates the quality of the information collected into smart pricing models and
examines its implications on individuals, firms and markets. Recently, White House released a
report to set up a series of policy regulations to protect consumers privacy (Franceschi-
Bicchierai, 2014). Podesta et al. (2014) in White House report wrote that “the ability to segment

the population and to stratify consumer experiences so seamlessly as to be almost undetectable



demands greater review, especially when it comes to the practice of differential pricing and
other potentially discriminatory practices’. As public is more informed about privacy issues, we
expect to have more laws passed to regulate how information about customers are collected,
analyzed and used.

Information privacy is defined as the individual’ s ability to control the collection and use of
personal information (Stigler, 1980; Westin 1967). Consumers differ in how much they care
about privacy and the amount of information they provide to firms. Current studies regarding an
individual’s approach to privacy revealed that customers are willing to provide demographics
information in exchange for convenience and monetary reward. Pew Internet and the American
Life Project found that 54% of survey respondents provide personal information to use a website
(Fox et al., 2000). On the other hand, 27% of hard-core privacy protectors declared that they
would never provide their personal information to a website (Fox et al., 2000). Actualy,
consumers differ a lot in their privacy concern. The perception of invasion of privacy differs
from one customer to next (Bernett, 2000). Firms need to collect voluminous data about
customer preferences to segment the customers into groups of similar needs, wants and
characteristics. Customers’ privacy concerns may inhibit data collection, and thus make it
impossible to categorize customers into correct segments. The fact of a customers’ being aware
of data collection may distort the segmentation. Acquisti and Varian (2005) studied the case
where some customers are aware of the fact that firms use their historical purchase data. Price
discrimination yields higher profits when the majority of customers are unaware, i.e., short-
sighted, and don’t consider their purchase decisions impact on future prices offered by firms.
Similar to Acquisti and Varian(2005), we build a game theoretical model where privacy-

conscious customers inhibit firm’s data collection efforts. Firms cannot collect information about



these customers and offer customized prices. On the other hand, those customers which share
their personal information can get tailored prices.

Consumers face a tradeoff between the extent of revealed purchasing information and
pricing. Privacy conscious consumers are very unlikely to reveal their information, making it
thus harder for firms to etimate customers' tolerance for price increases. Clearly, customers
privacy plays an important role in determining market prices. This study does not address the
issue of how customers arrive at a valuation of their own privacy, expressed as the extent of
revealed information. Rather, the focus is on the impact of consumers privacy valuations on
market prices.

Public concern regarding privacy intensified with the development of advanced information
technology tools, which can be used to gather, link and exploit personal data. The next section
examines the recent technological advances that are exacerbating consumers’ privacy concerns.
Firms are investing heavily to build business intelligence infrastructures, which include
technology, systems, processes, and people. Even though the cost of software and hardware has
been declining, dramatically over the past few years, the total cost of investment in business
intelligence has been increasing. This is mainly due to high demand for skilled experts in data
mining, analysis and development. In addition, the volume of information requiring analysis has
been increasing rapidly. Even though investment in business intelligence makes firms
competitive, it also has an adverse effect on profitability. There is a trade-off between business
intelligence investment and profitability. Information technology cost’s impact on market prices
haven't been studied extensively yet. This study incorporates technology costs into our game-

theoretical models.

1.2.2 Information T echnology




In recent years, there have been advances first in data storage technology, which in turn has
lead to increases in the amount of customer information collected and stored, and second, in
software-facilitated data extraction and analysis. We discuss below in more details these

advances.

1.2.2.1 Hardware

Moore's law states that computing power doubles every 18 months at a reasonable price.
Computing power is thus no longer a limiting factor in processing information. Interestingly,
data storage capacity has been rising a a rate that has far-outpaced the rate of increase in
computing power. Some studies show that it doubles on average every 12 months (Grochowski
and Halern, 2003). Due to these improvements in data processing and storage, it becomes

economically feasible to collect and store dramatically increasing volumes of personal data.

1.2.2.2 Software

Improvements in software, especially in the area of data mining and business intelligence
pose a remarkable threat to privacy. Data mining is defined as “the process of discovering
meaningful correlations, patterns, and trends by sifting through large amounts of data stored in
repositories, using pattern recognition technologies as well as satistical and mathematical
techniques.” (Gartner Group, 2004) Implicit information within data is often brought to light
with data mining software.

Data mining has become important in everyday applications. Banks utilize it to identify the
most affluent customers (Hoffman, 1998). Firms can use data mining to discern purchasing
habits of targeted customers. With data mining, it is now possible to segment people into groups

based on their preferences, and habits.



These improvements in both hardware and software provide the capability to efficiently

collect, store, process, and analyze data a unprecedented scale.

1.2.2.3 Social Networks

Social networks have become very popular in recent years. They make it easier for firmsto
collect and analyze customer preferences. As mentioned before, Swipely is a social network for
customers to save money and earn rewards. Customers share their credit card purchases to earn
rewards, and this in turn enables firms to understand customer purchase behavior. Firms can now
attract new customers, build loyalty and understand its customers shopping patterns better.

In the next section, we discuss how firms exploit collected data to gain insights into

consumers purchasing habits and preferences.

1.2.2.4 Profiling

As mentioned previously, profiling, which combines customer information from multiple
sources to determine customers' purchase behavior, can be beneficial to customers. For example,
Amazon uses profiling to suggest similar products by analyzing customers purchase patterns.
Profiling can also be used to personalize products and services. Personalization is the ability to
proactively tailor products and services to individual customers based upon their personal
preferences (Chellappa and Sin, 2005).

Profiling however suffers from essentially two drawbacks. First, some customers may be
charged marginally higher prices, as firms use their customer databases to price discriminate.
Second, some customers may feel their privacy violated as their personal information is used
without their consent. Further, afirm may collect consumer information, and then turn around to

sell it for extrarevenue. Customers generally punish firms' misuse of personal information. This



is the case of America Online, which stopped selling its subscribers phone numbers to
telemarketers (Litman, 2000). DoubleClick, an internet advertising firm that tracks consumer
behavior to customize banner ads, postponed its plan to merge online and offline data due to the
public’s outcry (Hansen, 2000).

Acquisti and Varian (2005) incorporated privacy into their model by introducing “myopic”
customers. Myopic customers are those unaware that firms are collecting data about them to
potentially charge them higher prices in the future. The model, however, does not incorporate
privacy concern and the impact of technology cost. Obviously, as privacy-conscious customers
refuse to provide their data, firms need to allocate more resources to derive meaningful patterns
hidden in the available data. Firms may not be able to track privacy-conscious customers. As a
result, information about customers may lack accuracy, and firms may be forced to increase their
investment in business intelligence for customer categorization, and ultimately, for price

discrimination.

1.2.3 Smart Pricing

Krugman and Obstfeld(2003) stated that “price discrimination exists when sales of identical
goods or services are transacted at different prices from the same provider”. Similar smart
pricing definitions can be found in many textbooks. These definitions generally focus on
different prices in the market, and neglect the cost differences in producing identical products.
The issue of cost difference stems from the concept of commodity, which Lancaster (1979)
defines as a group of products possessing a particular set of characteristics. Product
differentiation is “the practice of creating variations with distinct characteristics within the same
product group” (Lancaster, 1979). Absolute homogeneity in the commodity is almost impossible

(Lancaster, 1979). Dickson and Ginter (1987) define product differentiation as a marketplace
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state in which products are not a commodity and differ from each other in terms of physical and
nonphysical characteristics. Firms in fact have to produce different products customized to
different customer needs within the same product group and incur different costs in producing
each variation. In other words, different prices for similar products made by the same provider
are partly due to different cost structures. Net price is the price adjusted to take into account the
cost associated with product differentiation. For Phlips (1983), price discrimination occurs when
two varieties of the same commodity are sold by the same provider at different net prices.
Steiner (1957) and Demsetz (1973) offered similar definitions. Thus, different prices for similar
products in the market do not necessarily mean price discrimination.

Stigler (1987) stated that price discrimination exists when differences in prices are not
proportional to differences in marginal costs. Stigler’s definition is more realistic in that it
incorporates cost differences. When adjacent seats in an airline are sold at different prices, there
is obviously price discrimination. Airlines also charge a premium for business class services.
Smart pricing also exists in this case as the premium charged for business class service far
exceeds the cost to provide those extra services.

Note that smart pricing should not be confused with price dispersion. These are two different
concepts. Price dispersion is variation in prices across sellers of the same item. On the other
hand, price discrimination exists when a single seller charges different net prices. This study
focuses solely on smart pricing.

Market segmentation and price discrimination terms are also often used interchangeably.
While the concepts are very close, there are significant differences. Smith (1956) wrote that
“market segmentation involves viewing a heterogeneous market as a number of smaller

homogeneous markets, in response to differing preferences, attributable to the desires of
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consumers for more precise satisfaction with their varying wants’. Market segmentation is
basically a market condition in which customers can be categorized into distinct groups
according to their preferences. In fact, market segmentation is a necessary condition for price
discrimination (Carlton and Perloff, 1994). If customers cannot be categorized into segmentsvia
observable or unobservable characteristics, firms cannot charge different net prices. Firms
engage in market segmentation for smart pricing.

Price discrimination is feasible when firms have some market power (the ability to change
market price of a product or service), can segment the customers into distinct categories, and can
prevent re-selling of the product or service (Carlton and Perloff, 1994). Similar to previous price
discrimination studies, the research presented here makes the same assumptions.

Mohammed (2005) identified seven techniques to segment the customers. They are customer
characteristics (Age, Gender, organizational affiliation...), hurdles (coupon, sales, membership),
time (high prices for customers that want the product immediately, and low prices for customers
which prefer to wait), quantity (discounts for customers which purchase multiple items),
distribution (different prices for customers depending on where they make purchase), mixed
bundling (offering several products for sale as one combined product), and negotiation. This
study focuses on the economic implications of market segmentation and smart pricing and
bypasses the question of how firms segment the market.

A price discrimination typology was first proposed by Pigou (1920). It basically classified
price discrimination into three categories. First-degree price discrimination occurs when a
customer faces a different price based on customer’s reservation price -- the maximum price that
the customer is willing to pay. First-degree price discrimination is considered to be hypothetical

as it requires sellers to know the maximum price the consumer is willing to pay. Even though
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Pigou stated that first-degree price discrimination is of academic interest only, recent advancesin
business intelligence have enabled firms to approximate closely customer’s reservation prices.
Personalized marketing, or one-to-one marketing, is in fact a strategy used to make a customized
product for each customer to charge areservation price. Firms extract all consumer surplus, the
difference between a customer's reservation price and the cost, in first-degree price
discrimination. This is why first-degree price discrimination is sometimes referred as perfect
price discrimination.

Second-degree price discrimination occurs when firms offer a set of products with different
prices and customers self-select the product matching their needs. All customers choosing the
same product are considered to be in the same group and customers in the same group pay
exactly the same price. Price discrimination exists across different customer groups. For
instance, the previously mentioned airline example in which customers are offered multiple
classes of seats (namely, business class or economy class) is second-degree price discrimination.

Third-degree price discrimination occurs when firms categorize customers into different
groups based on observable characteristics (past purchases, age, gender, geographical location
and so on). Similar to second-degree price discrimination, customers within the same group pay
exactly the same price and price discrimination exists among different customer groups. The
main distinction with second-degree price discrimination is that customers cannot select their
own group in third-degree price discrimination. This study focuses on third-degree price
discrimination.

Another alternative classification is that of Armstrong and Vickers' (2001). It is based on
interpersonal price discrimination, which occurs when customers are offered different net prices

for the same product. In other words, prices vary across customers in interpersonal price
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discrimination. For example, a firm may charge different prices for loyal and first-time
customers. Intrapersonal price discrimination, on the other hand, occurs when different net prices
are offered for a set of products. In other words, intrapersonal price discrimination isthe case in
which prices vary across different products for the same customer. For example, bundling, where
several products are offered for sale as one combined product, is a form of intrapersonal price
discrimination as customers could pay a different price if they purchase the bundled products
Separately.

Stole (2007) proposed an alternative classification based on whether price discrimination is
based on observable or unobservable customer characteristics. Direct price discrimination exists
when prices differ in the market based on observable characteristics (age, gender, organizational
affiliation, location). On the other hand, indirect price discrimination is present when customers
are heterogeneous in some unobservable characteristics. Actually, Stole’s classification method
is similar to the difference between second-degree and third-degree price discrimination in
Pigou’ s typology.

Finally, Shapiro and Varian (1999) proposed an alternative typology for price discrimination,
a modern version of Pigou's (1920). Personalized pricing refers to the case in which each
customer is offered a different price. This corresponds to first-degree price discrimination in
Pigou’s typology. Versioning is the strategy to offer a range of products and let customers self-
select the version of the product. Versioning is in fact second-degree price discrimination. Group
pricing is the strategy of charging different prices for different groups of customers. Group
pricing corresponds to third-degree price discrimination.

Even though Shapiro and Varian’s typology appeals to business users, we shall adopt Pigou’'s

typology throughout this study to conform to the traditional economics literature.
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1.2.3.1 Monopolistic Price Discrimination

Villas-Boas (2004), Kennan (2001) and Battaglini (2005) are the most recent studies on
monopolistic price discrimination. A monopolist can price discriminate by analyzing customers
purchase history to extract more consumer surplus. A price discriminating strategy is at least as
profitable as a non-discriminating pricing policy for a monopoly (Phlips, 1988). Competition
effects, which will be shown to have a great impact on prices, market share and social welfare,
are not considered in monopolistic price discrimination studies. While the effect of surplus
extraction improves firms' profitability, competition impacts work in the opposite direction.
Monopolistic price discrimination studies rule out the possibility that competition effects may
outweigh surplus extraction effects. In the end, a monopolist becomes more profitable. However,
monopolistic industries are rare in practice. Even though competitive industries are more
common, research on price discrimination in competitive markets is limited. This study focuses

on price discrimination in competitive markets.

1.2.3.2 Duopolistic Price Discrimination

Unlike monopolitistic scenarios, firms in a duopoly must consider the effect of competition
on price discrimination. The capability to track customers previous purchases and reservation
prices enables a firm to tailor different prices and products to customers. Duopolistic price
discrimination research can be divided into two main categories. The first stream assumes that
firms have no a-priori information about their customer preferences, and only learn it gradually
as purchases are made, whereas the second assumes firms have the necessary information to
derive customer preferences, and reservation prices. Both perspectives are analyzed further in the

next two sections.
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1.2.3.2.1 Firms have no information a-priori about customer preferences

In some industries, customers incur switching costs if they change their suppliers. Switching
costs could be due to subscription fees, or to training on the use of a new product. The products
of various firms are assumed to be homogeneous (i.e., customers have no preference towards one
product) at the beginning, but the customers become partially locked in once they make a
purchase. Firms discriminate between their own and their competitors customers. They
generally offer price incentives to induce their competitors customers to switch. Chen (1997)
considers a duopolistic two-stage game where customers are indifferent among firms but become
locked-in with their initial purchase. A customer will switch to arival firm in the second stage to
take advantage of lower prices if the price differential compensates for the switching cost. The
strategy of the firms is to deflate their prices initially to attract new customers and thereby
expand market share, only to increase them sufficiently in a second stage to recover the losses in
revenue in the first stage. Both firms are worse off due to price deflation; yet, customers are not
necessarily rewarded as they incur switching costs. Switching intensifies competition and leads
to the prisoner’s dilemma. Taylor (2003) proposed a multi-period subscription-based model
where multiple firms compete. Similar to Chen (1997), Taylor showed that price discrimination
lowers firms' profitability.

Esteves (2010) studied a two-period duopolistic price discrimination model with customer
recognition where customers’ preferences are discrete. All customers are myopic and their
loyalty level towards their preferred firm is the same. The results show that firms are worse off
when they have the necessary information for price discrimination. Chen and Zhang (2009)
studied a duopolistic symmetrical price discrimination model where customers are forward-

looking, i.e., they can forgo a purchase in the first period to get a better price in the second
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period. Each firm has a set of loyal customers of equal size, and there exists a third set of
switchers. No firm can recognize customer types in the first period. Firms can price discriminate
in the second period. Price discrimination becomes more profitable for firms even though
customers behave strategically. Chen and Zhang attributed this finding to the fact that firms can

screen out price-sensitive customers and limit price competition.

1.2.3.2.2 Firms possess infor mation about customer preferences

Hotelling (1929) proposed a location-based model where customers are identical and
uniformly distributed along a fixed-length line. Customers incur a transportation cost based on
the distance between customer and firm’'s location. Firms decide on their prices based on
geographical location. Thisse and Vives (1988) extended the Hotelling model to explore perfect
price discrimination where each customer incurs a linear transportation cost proportional to the
distance between a customer and a firm. Firms know each customer’s location on a linear market
and set prices taking into account customer’s location. They found that price discrimination
intensifies competition and customers benefit from lower prices. Thisse and Vives (1988) then
analyze whether firms can avoid price discrimination. Even though both firms can be better off
with uniform pricing, price discrimination is dominant strategy. Therefore, the game is the
prisoner’s dilemma. Shaffer and Zhang (1995) reach the same conclusion when promotional
discount coupons are introduced into a competition of symmetric firmsto attract new customers.

Shaffer and Zhang (2000) explored a duopolistic model where each firm offers promotions
either to its own customers or to its competitor’s. If the demand is symmetric, a firm's best
strategy is to offer discounts to their competitor's customers, but the game is the prisoner’s
dilemma. On the other hand, the game is not necessarily the prisoner’s dilemma when the

demand is asymmetric. One of the firms or both firms can be better off depending on their initial
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market share and the intensity of their customer’s loyalty. Shaffer and Zhang (2002) extended
their study to examine the impact of one-to-one promotions on market share and competitionin a
duopolistic perfect price discrimination model where asymmetric firms incur a targeting cost to
deliver promotions. Contrary to earlier price discrimination findings above (Chen 1997, Shaffer
and Zhang 1995), they found that their game model is not necessarily the prisoner’s dilemma.
The firm with avid loyal customers and greater market share is likely to be better off. Shaffer and
Zhang (2002) attributed the prisoner’ s dilemma conclusion of earlier results to the fact that firms
are assumed to be symmetric.

Liu and Serfes (2004) extended Shaffer and Zhang (2000)’ s model and incorporated multiple
customer segments for each firms loyal customers. The analysis showed that the case is the
prisoner’s dilemma. Liu and Serfes (2005) later examined the effect of segmentation in a
vertically differentiated market, where one of two firms offers higher quality product. Customers
are inclined to purchase the high-quality product, but the premium a customer is willing to pay
differs. The high-quality firm is found to have sufficient upward price flexibility to increase its
market share at the expense of the low-quality firm through segmentation. The low quality-firm
has no incentive to segment the market.

Baet a (2007) study atwo-dimensional price discrimination model in a duopoly where firms
are differentiated in terms of service level and customer recognition. Note that service level
corresponds to product quality and brand loyalty in previous studies. They assume that
improvements in customer service levels are easier to accomplish than brand recognition. In the
first period, firms decide the investment level on customer recognition; in the second, the service

level is determined; and in the third, the price competition begins. Obviously, the firm with the
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higher service level is more profitable. Interestingly, they found that both firms are worse off as
the low-service-level firm tries to improve its service level.

Esteves (2009) analyzes firms' price discrimination in the case of partial information about
customers. Customers are assumed to be uniformly distributed in a two-dimensional Hotelling
model, and have different preferences for firms' brand name and products. Cusomers product
preferences do not necessarily match their brand preferences. The main finding is that price

discrimination does not necessarily lead to the prisoner’s dilemma.
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[I.BASIC MODEL

First, we briefly describe the basic model. Then, we will discuss the challenging research
extensions and modify the model in the next sections.

First, cusomers differ in brand loyalty and respond differently to firms products and
promotions. The model will assume that customers have varying degrees of brand loyalty, which
measures the extent to which a customer is impervious to pricing enticements by rival firms.
Second, firms collect information about customers by exploiting internal and external data
sources. Shaffer and Zhang (1995) stated “data on past purchasing behavior has given firms
information that allows them to discriminate in price according to customer heterogeneity in
brand loyalty”. Third, firms generally send customized coupons to atract new customers and
retain old ones. Oftentimes, a promotional discount amount is determined by customers
purchase history and personal preferences. Firms in our model offer customized prices to each
segment.

A customer’s loyalty is influenced by past purchases. A loyal customer is one who allocates a
majority of purchases to a preferred firm. Even though a firm has less information about rival
firms loyal customers, it can still obtain enough information from internal and external data
sources. In this study, the question of how firms built customer loyalty is bypassed, and focus is
on the implications of customer loyalty on firms’ strategies.

Consider two firms, labeled A and B, which produce a similar product with zero marginal
cost. We'll relax zero marginal cost in section 4. Customers purchase one unit of the product
regardless of the price and a customer prefers one firm over another. Price tolerance is defined as

the minimum price differential necessary to induce a customer to purchase from the less
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preferred firm. Customers are heterogeneous in price tolerance that a customer is loyal to either

firm A or B, but not both.

Customers loyal to firm A Customers loyal to firm B

-t, 0 te
FIGURE 1: Customers' price tolerance

Figure 1 shows the price tolerance spectrum in the market. Loyalty parameters t,and
t; (t,,t; >0)denote the maximum price tolerance towards firm A and B, respectively.
Customers between -t, and O prefer firm A and those between Oand t, prefer firm B. The

customer at point O is indifferent and has no brand loyalty. Let t denote a cusomer’s price

tolerance. A loyal customer to firm A resultsin O<t £t,; otherwise O<t£t,. Let p,and pgbe

the prices offered by firms A and B to acustomer loyal to firm B. A customer purchases from the
preferred firm as long as the premium charged by the preferred firm doesn't exceed the
customer’s price tolerance. For example, a customer loyal to firm B will only tolerate premiums

upto t abovefirm A’sprice, i.e., p; £ p, +t . Otherwise the customer will switch to firm A.

In Chen et al. (2001) and Narasimhan (1988), price tolerance is binary, i.e., a customer is
either loyal to one firm or a switcher. In our case, price tolerance is modeled as a linear function.
As a reault, it is now possible to analyze a firm's pricing policies for various price tolerance
levels, and as we shall show this has significant implications.

Let a and b represent the customers who would buy from firm A and B, respectively, as
long as both firms offer the same price. That is, a and b customers prefer firm A and B
respectively. Assuming customers are uniformly distributed along a closed interval [0, 1], let the

fraction of a customers be denoted as g and the fraction of b customersas 1- q .
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a Customers b Customers

FIGURE 2: Firms market share in case of equal prices
Figure 2 shows firm's market share when both firms offer the same price. Firms are

asymmetric when q * .5and symmetric if g =.5.
Let f!(p,, pg)denote the fraction of i customers purchasing from firm j given that firms A
and B  offer  prices P, and py where il {a,b} and jT {A B}.

Obviously, fA(p,, Ps) + f.2(P, Ps) =1. £.°(p,, Ps) Can be expressed as.

_‘Il_l if t,<p,- Pg
t8(pope) =12 P it 0£p, - p £L,

| tA

fo if pa- Ps <O

When firm A offers a higher price than firm B, a customers are obviously inclined to switch
to firm B. When the price difference exceeds maximum loyalty (i.e., p, - pz >t,), @ customers
purchase from firm B. If the price differential is moderate (i.e.,0< p, - pg £1,), customers with
low loyalty switch to firm B and very loyal a customers still purchase from firm A. Aslong as
firm A’s priceis lower than firm B’s, firm A isable to keep al a customers.

Note that the Hotelling (1929) model is a special case of ours. Price tolearance (t, and t)
plays an equivalent role to the transportation cost (t) in the Hotelling model. If firms are

symmetric, t, =t; =t and g =.5, then a firm A’s demand becomes (t+ p,- p,)/2tand firm
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B'sdemand is (t+ p,- pg)/2t asin the Hotelling model. Our model is extended to incorporate

asymmetric demand by changing values of the parameterst,,t; and q .
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1. SEGMENT GRANULARITY

3.1 Motivation

Market segmentation today can be carried out to an extent never envisioned before. The
granularity of segments is only limited by the amount of data available, the sophistication of the
technological tools, and cost. In their seminal paper, Dickson and Ginter (1987) state that
segments form homogeneous sub-markets, where customers within the same segment respond
similarly to firms product offerings. Wedel and Kamakura (2000) extensively reviewed the
marketing segmentation literature, compiling a list of methods and identifying the variables used
to assign customers to segments. Frank et al. (1972) categorized segmentation research into two
main streams. microeconomic theory and behavioral sciences. The focus in this section will be
on the economical implications of market segmentation rather than on the segmentation methods
and variables.

In general, when firms decide to charge different prices to different segments, three
important questions arise: What should be the price for a particular segment? What will be the
impact of segmentation and price discrimination on market share? How would consumer welfare
change with segmentation and price discrimination? In this section, we address these issues and
the impact of business intelligence cost in a duopolistic price discrimination model, and
specifically investigate the impact of segment granularity on price, market share and social

welfare.

3.2 The Game
The game unfolds as follows. Firms independently and simultaneously determine their

business intelligence adaptation and pricing strategies. If a firm acquires business intelligence
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technology, it can offer different prices to each segment through targeted coupons or special
offers. Otherwise, a firm offers single price to whole market. Let’s assume that business
intelligence technology is capable of partitioning a customersinto n segmentsand b customers
into m segments. Parameters n and m represent the granularity possible under the implemented
segmentation technology. A sophisticated business intelligence technology provides more
information about customer preferences, and minimizes the error in estimating the individual
customer’s price tolerance level. The case n=m=21corresponds to the case in Shaffer and
Zhang's (2000) model where firms do not segment their loyal customer base.

In Shaffer and Zhang’s (2000) model, firms know the fraction of customers switching to a
rival firm given the price difference between firms, but they have no way of knowing the
individual customer’s price tolerance. In our model, firms estimate individual customer price
tolerance using business intelligence technology. The precision achieved depends on the
sophistication of business intelligence technology. The case of n=m=1corresponds to perfect
price discrimination where firms can tailor their prices to each individual customer. At first,

business intelligence technology is considered to be free. Later, we relax this assumption.

3.3 Analysis and Strategies

The overall game between the two asymmetric firms in a duopoly consists in deciding
whether it is profitable to acquire business intelligence technology. Thus, the analysis below
examines first the pricing and market share strategies when the two firms make their business
intelligence acquisition decision simultaneously. Given a business intelligence acquisition
strategy, the goal is to determine whether the pricing behavior of the firms that leads to an
equilibrium. Asaresult, it is necessary to consider three possible subgames, namely:

No firm acquires business intelligence
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Only one firm acquires business intelligence (there are two symmetric cases)
Both firms acquire business intelligence
Note that a subgame is any part of a game that can be itself played as a game. Our goal is to
determine whether there exist dominant strategies in a duopoly. In other words, we seek to find
out whether there is a best pricing strategy for both firms across all business intelligence

acquisition strategies.

3.3.1. Pricing and mar ket share strategies

3.3.1.1 Subgame 1: No firm acquires business intelligence

Each firm offers two prices,one to their own loyal customers, and one to rival firm’'s loyal
customers. Each firm profits more from its loyal customer base, as these customers are willing to
pay a premium for their preferred firm so long as it is not excessive. This result, established by

Shaffer and Zhang (2000) restated below using our own notation.

Proposition 1: Subgame 1 has a unique Nash Equilibrium. At equilibrium, firms A and B charge

%tA and :—13tA to a customers and retain % and :—13 of a customers, respectively. They charge

:—13tB and %tB tob customers and acquire:—l3 and% of b customers respectively.

We include this proposition simply to provide as a benchmark for comparisons with our
own models, where firms may segment the market into finer segments. More precisely, subgame
1 raises the following question: why would firm A alow firm B to make inroads into its loyal
customers base? After al, as the preferred brand for a customers firm A has always the

flexibility to undercut firm B to retain all of its loyal customers. Y et, our results show that firm A
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is willing to loose some of its loyal customers. It can actually improve its profit simply by
charging a higher premium to its loyal customers. As a consequence, some of its least loyal
customers may find the premium so onerous that they switch to the rival firm. This scenario
illustrates the classical tradeoff between market share and profitability: the premium may be
increased only to the point where loss in market share starts having a negative impact on
profitability.

A firm however cannot remain inward looking, lest it loses excessive market share to its
competition by standing still. It must constantly pursue a strategy to make inroads into its rival
firm’'s customer base by undercutting its prices. A reduction in price makes its products more
attractive to its rival firm's loyal customers, and encourages their switching. All switchers are
however not the same. Some may be able to pay higher prices than others. Asthe firm reduces its
price to attract itsrival firm's customers, its profitability continues to increase but only to a point.
Gains in market share are not sufficient to offset the loss due to the decrease in prices. As a

result, the firm faces again a trade-off between market share and profit.

3.3.1.2 Subgame 2: Only onefirm acquires businessintelligence

Firm A has business intelligence technology while firm B does not. Firm A exploits the

technology to partition its a customers into n equal-sized segments, 9. Let a, denote the ith
n

segment. The segments are ordered such that a, represents the most loyal customersand a , is
the least loyal. Firm A also segments b customers into m segments of equal size, 1?(1 Let b,
be the j-th segment, where b, represents firm B’s least loyal customers and b, the most loyal.

Figure 3 illustrates how firm A segments the market.
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a Customers b Customers
7 7 —~
1% Segment 2™ nth 1st mth
Segmer  Segment Segment

FIGURE 3: Firm A’s market segmentation plan

Let Min(a;) and Max(a;) denote the minimum and maximum price tolerance in segment
a, . They can be expressed as follows:

Min (a;) =t, - i—ntA
Max (a;) =t, - i'—1tA
n

Let t such that (Min (a;) < t £ Max (a,)) denote the price tolerance level of an arbitrary
customer in segment a, . The customer purchases fromfirm A aslong as p, £ p, +t . If the price
difference exceedsMax(a,) , all customersin segment a; switch to firm B. On the other hand, if
the price differential is moderate (i.e,,Min(a,) £ p, - pz £ Max(a,)), low-loyalty customers
switch to firm B while high-loyalty customers continue to purchase from firm A.

Let p,(a;) denote the price offered by firm A to segmenta,, and pg(a) the price

offered by firm B to a customers. Let faf‘(pA(ai), pg(@)) be the fraction of customers in

segment a, who purchase from firm B. Then, faf‘(pA(ai), pg(a)) can be expressed as:
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0 if pa(a;)- ps(@)< Min(a))

i
-.-
2(pa(a), ppl@)) = | 2@ Pe@)- MINR) it yina )£ p, (a)- p, (@) £ Maxta,)
i %
1

T if pA(ai)' pB(a)>MaX(ai)

Proposition 2: Subgame 2 has a unique Nash equilibrium. Assuming that firm A is the one that
has access to business intelligence technology, then firm A: 1) retains all of its customers in

segments a, to a,, and loses 1/3 of segment a, to firm B at equilibrium; and 2) captures

segments b, to b K while firm B retains its customers in segments b ,© b,,. The two
&l g2t

firmssharesegments b, and b, . [A detailed proof is provided in appendix A].
824 g8

When firm A has sole access to business intelligence technology, it is able to retain

amost all its loyal customers, except for segment a,. This is markedly different from the

previous case where firm A’s strategy led to alarger loss of its customer base. Access to business
intelligence technology provides firm A pricing flexibility, and thereby, the ability to retain a
larger percentage of its market share while increasing its profit. The tradeoff between market
share and premium still exists, but firm A’s scale of competition is now confined to specific
segments.

Firm A increases its profit by charging a higher price within segments. Price increases are
beneficial only to the point where customer switching starts offsetting gains in profitability.

Should firm A charge the highest tolerable price that all customers within a segment can afford?
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It turns out that in some segments, market share loss may not be the best strategy at all for firm

A. Thisisthe case for segments a, to a,_,, where firm A does not offer highest tolerable prices
in order not to lose customersto the rival firm. Segment a ,, which contains firm A’s least loyal

customers, is the only segment where the most profitable strategy for firm A is to loose its very
least loyal customers to firm B and to offset this loss of revenue by charging the most loyal
customers a higher but tolerable price.

Firm B has a loyalty advantage over firm A as far as b customers are concerned.
Nevertheless, firm A can capture part of this market by exploiting its segmentation technology to
taillor ajudicious price discrimination policy for each segment. When firm A segments the whole
market, it is able to capture amost half of firm B’s customers as firm B is penalized by its
inability to price discriminate. Obviously, firm B can block firm A’s penetration into its own
loyal customer base by setting its price to zero, which is obviously an unrealistic strategy. To
boost profitability, firm B will opt instead to let go its very least loyal customers and recoup the
loss by charging its most loyal customers a higher price. Asfirm B pursues a high price strategy,
limiting thus its pricing flexibility, firm A’s responds by setting its price lower to make inroads
into itsrival firm’'sleast loyal customers.

3.3.1.3 Subgame 3: Both firms acquire business intelligence

Both firms have access to business intelligence technology and therefore can tailor their

prices to individual segments. While a customers are partitioned into “n” segments, b
customers are split into “m” segments. Let pg(a;) denote the price firm B charges segments a, .

The fraction of customers in segment a, purchasing from firm B can be expressed as:
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i 0 it pa(a)- Ps@)< Min@,)
¥ pA(ai)' p(ai)' Min(ai)
-.-
|

/
n
1

f (Pa(@), s (@) = if Min(@;) £ p,(a;)- ps(a;) £ Max(a,)

T if pA(ai)' pB(ai)>MaX(ai)

Proposition 3: Subgame 3 has a unique Nash equilibrium. Firm A retains segments a, to a, ,
and loses 1/3 of its market share in segment a, at equilibrium. Firm A captures 1/3 of segment
b, and firm B retains all its market share in segments b, to b,.. [A detailed proof is provided in
appendix B].

When both firms have business intelligence technology, the competition shifts to
individual segments. Both firms are able to block the penetration of arival firm into their loyal
customer base. Firm A has a loyalty advantage over firm B on a customers. For segments a, to
a, ,, firm A blocks the penetration of firm B. Firm A sets in these segments the highest price
tolerable to its least loyal customers. For segmenta,,, firm A maximizes its profit by trading off

loss of its least loyal customers for the benefit of charging a high premium to 2/3 of its most
loyal customers in the segment.

With access to business intelligence technology, firm B behaves symmetrically to firm A.
It is able to keep its market share in all segments, except the one with its least loyal customers,
where it trades off 1/3 of its market share for the benefit of charging a high premium to 2/3 of its

most loyal customers within the segment.

3.3.2 Business I ntelligence Acquisition Strategies

The firms' payoffs are summarized in Table 1 below.
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TABLE 1: Firms' payoffs when they can categorize customers into multiple segments

Theorem: Each firm's (strictly) dominant strategy is to acquire segmentation technology.

Proof: Table 1 summarizes the results of the propositions. Firm A’s profit in quadrant | is always
less than profit in quadrant I11. That is, firm A’s best strategy is to acquire business intelligence
technology to segment the market when firm B doesn’'t. Similarly, firm A’s profit in quadrant |1
is always less than its profit in quadrant 1V. Firm A’s best strategy again is to acquire business
intelligence when firm B does. To sum up, firm A’s dominant strategy is to acquire business
intelligence technology regardless of its rival’s strategy. The same analysis could be made for
firm B. In the end, both firms acquire business intelligence technology to segment the market.
We have assumed that segmentation technology cost is nil. This assumption is relaxed later to
enable the evaluation of segmentation technology cost impacts on firms' strategies.

It is not possible to determine whether the firms are better off or the game is prisoner’s
dilemma by comparing firms' profits in quadrant (I) and (IV) at this point. The change in profit

is a function of the sizes of the firms loyal customer bases and the magnitudes of price
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tolerance. In the next section, we discuss the conditions under which a firm becomes more

profitable and show that the game is not necessarily prisoner’s dilemma.

3.4. Implications

The results obtained in the previous section are examined to assess business intelligence's

impact on firms’ profits, prices, and consumer welfare.

3.4.1 Implicationsfor firms

Firgt, firms have a strong incentive to acquire business intelligence technology as
supported by the findings above. When no firm segments the market, each firm retains 2/3 of its
loyal customer base and captures 1/3 of its rival’s. On the other hand, a monopoly on business
intelligence technology over its competitor enables a firm to retain aimost all of its loyal
customers and to capture roughly 1/2 of its competitor’s loyal customers. The best strategy for a
firm is therefore to acquire business intelligence technology. Consequently, this finding provides
the rationale for firms to invest in business intelligence tools for market segmentation in a
competitive environment.

Second, the profits of a firm are directly correlated with the strength of its customers
price tolerance. The higher is price tolerance, the greater are the profits. Firms are thus
compelled to seek dtrategies that elicit and improve customers price tolerance. This finding
explains in part why companies engage in loyalty improvement initiatives like reward programs,
club cards and so on.

Third, and most importantly, the study shows that price discrimination coupled with
segmentation does not necessarily lead to prisoner’s dilemma, contrary to the result obtained by

Liu and Serfes (2004) in the case of a symmetric model. Our model of asymmetric firms is not
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only more general, but also it is prisoner’s dilemma only when no firm is dominant. We shall
give aformal definition of dominance below.

Profits are impacted by several factors including, the size of a firm's base of loyal
customers, the strength of its customers' price tolerance, as well as the number of segments. The
behavior of a firm’s profits, assuming segmentation is best analyzed in the case of perfect price
discrimination, where the number of segments is infinite, and thus the price can be customized to
each single customer. However, the findings still hold when the number of segments is finite.

Table 2 summarizes the firms’ profits.

Firms No Firm segments the market Both firms segment the market
4 1 1
A §tAq +§tB(1_ q) EtAq
1 4 1
B §tAq +§tB(1_ q) EtB(l_ q)

TABLE 2: Firm’s profits when number of segments is infinite

The game is prisoner’ s dilemmaif both firms are worse off by segmenting the market.

This situation is captured when the following conditions are simultaneously satisfied:

4 1 1
§tAq +§t3(1' q)?3 EtAq

1 4 1
§tAq +§tB(1_ q) 3 EtB(l_ q)

Simplifying the inequalities yields:

2t;(1-q)% ta (1)
2t9°t;(1-q) (2

Recall that customer’s price tolerance and the size of a firm's loyal customer base are

denoted by t and q. Let D, =t,q and D, =t;(1- q) denotefirm A’sand firm B’s dominance,
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respectively. We define dominance as a measure of a firm's influence in the market. It follows
from the definition that a firm with a large market share of intense loyal customers is the most
dominant. Conversely, a firm with a small market share of not so loyal customers is the least

dominant. Substituting D, and D, into inequalities (1) and (2) yields:

2D,° D, (3)
2D,° Dy (4)
We define d, = IiAD as firm A’s dominance indicator, which is firm A’s degree of
A B

dominance in the market. Firm B’s dominance factor can be defined the same way. Let d; be
firm B’s dominance indicator, defined in a similar way as for A. Obviously, d,+d; =1.
Substituting d, and dj into inequalities (3) and (4) and rearranging the terms leads to the

following:

1 2
Z£dES (5
sEdEg O

Figure 4 illustrates precisely the case when the game is prisoner’ s dilemma as a function

of firm A’ s dominance indicator.

Prisoner’ sdilemma
reqion

FIGURE 4: Relationship between prisoner’ s dilemma and dominance indicator
Inequality (5) is only satisfied in region Il. Therefore, the game is prisoner’s dilemma
when firms' dominance indicators differ by no more than 1/3. This is exactly what happens in

the symmetric model studied by Liu and Serfes (2004), where t, =t; and g =0.5, implying a
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dominance factor d, =0.5 for firm A, the mid-point of region II. As a result, their game-
theoretic model is thus prisoner’s dilemma.
The firms' profits in regions | and Il in Figure 4 are a function of their dominance

indicators. Let DO, denote the marginal profit due to segmentation for firm A. Then DO, can

be expressed as.

DO, = ds- 2dy 1 82dB (6)

Substituting d, =1- d, leadsto DO, = 3d/£8 2 . Firm A’ s profit is positively correlated

with its dominance indicator. Marginal profit due to segmentation is positive, i.e, DO, >0,

only when the dominance indicator is greater than 2/3, which corresponds to region 111 in Figure
4. Firm B benefits from segmentation in region |, where firm A’s dominance indicator is less
than 1/3, but firm’s B dominance indicator is higher that 2/3.

When no firm acquires business intelligence technology, the firms lose their least loyal
customers because of high prices, which only their most loyal customers can afford. With
segmentation, a firm will be able to keep some of the lesser loyal customers who would have
otherwise switched if there were no segmentation and lose only its very least loyal customers.
Competitors are likely to follow the same segmentation strategy. As a result, the net effect of
segmentation is an exchange of the very least loyal customers. Very importantly, a dominant
firm may become more profitable because of its ability to extract a greater surplus from its own
customers. Because of the symmetric demand assumption, Liu and Serfes (2004) ruled out the
possibility that a dominant firm can be better off.

Our model also explains how niche firms can coexist with large firms. To compete in the

marketplace, a niche firm has to keep its dominance indicator strong. A niche firm may have a
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smaller market share, but it is able to compete by keeping its customers more loyal, which in turn

keeps its dominance indicator high.

3.4.2 Implications for Customers

Customers always purchase one unit of a product regardless of the price. We analyze the

prices paid by a customers. A similar analysis can be done for b customers. Table 3 shows the

market prices for botha and b customers.

Nofi a Customers b Customers
orirm
segments FirmA’s price FirmB’s price FirmA’s price FirmB’s price
m:r]Ea ﬁ t_A t_B ﬁ
3 3 3 3
i = = j-1

fliBr?:; pa@) =t~ t, pB(ai)- 0 p.(b,) =0 pB(bj)zj?tB

segment | wherei =1,2...,n- 1 wherei =12..n-1 | wherej= 12..m-1 wherei = 1,2..m- 1
the t
market pA(an)—E pB( n) 3n pA( m) 3m pB(bl)_%

TABLE 3: Prices in the market when they can categorize customers into multiple segments

an . . .
Segments 1 to el represent customers with the highest price tolerance levels. These

&3t
customers can be charged very high prices with segmentation, but this causes the least loyal
customers of firm A to become vulnerable to competitors. The ensuing intense competition puts
a cap on the prices that firm A can charge, and thus on its profits. In fact, firm B is able to limit
firm A’ s profits by setting a negligible price or simply zero.

ANy, é2n( . .\ . . . .
Segments Uio S e dso subject to competition. Firm B firm sets its price to zero

&34  E&3H
to gain market share. Firm A counters by reducing its price, and is able to successfully defend its

market share while experiencing a decline in profit. Firm A also captures aimost all the least
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loyal customers in segments to n. Despite firm B’s attempts to make inroads into these

segments by setting its price to zero, the customers choose firm A as the premium is now
affordable.

To sum up, business intelligence leads to higher prices for very loyal customers.
However, moderately and least loyal customers benefit from business intelligence by paying
lower prices. Thisse and Vives (1988) have shown that all customers pay less when firms
discriminate on prices. Borenstein (1985) and Holmes (1989) claimed that price discrimination
leads to higher prices. The conclusions of our model are on the other hand more nuanced. Very
loyal customers will pay more, but moderately and least loyal customers benefit from intensified
competition by paying less.

Our results differ from those of Borenstein (1985), Holmes (1989) and Thisse and Vives
(1988), in that our model deals with asymmetric firms. Prior results rule out the possibility that a
dominant firm could gain market share with business intelligence. Our study, on the other hand,
shows that in some cases, the dominant firm improves its profitability at the expense of the other
firm by lowering prices for the least loyal customers. Moreover, a firm could charge higher
premium to its very loyal customers without losing its revenue from least loyal customers. While
very loyal customers face higher prices, the premium tolerated never exceeds a threshold, which

will otherwise force them to switch to the competing firm.

3.4.3 Implications for consumer welfare

An important economic question is how business intelligence and price discrimination
impacts consumer welfare. Consumer surplus is the difference between what a consumer is

willing to pay and the actual price. We consider aggregate consumer surplus as the measure of
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consumer welfare. Assume that a customer obtains benefit v by purchasing a product (i.e.,
v>>p wherepisprice) fromafirm. Anindividual customer’s surplus istherefore v- p. Let
V and O be the aggregate customer benefit and the firms' total revenue, respectively. The

aggregate customer surplus is therefore V - O . Table 4 summarizes model’s consumer welfare

implications.
No Segmentation Segmentation
Consumer 5 5 t t ot t t St
Wdf V-2tg- 2t (1- V- (A- A ¢ TA) - (B B 4+ 7BYy1-
are o 9B( q) R T2 M i) G )

TABLE 4: Consumer Welfare when firms can categorize customers into multiple segments

Clearly, consumer welfare improves with segmentation. The average market price

decreases as segmentation becomes more refined.

3.5 Impact of Business I ntelligence Technology Cost

So far, the cost of business intelligence technology is assumed to be zero so far. Thisis
obviously unrealistic. We analyze the impact of business intelligence technology’s cost on firms’
strategy. Let T denote the cost of business intelligence technology. A firm has to take into
account the cost of the business intelligence technology and its competitor’s decision to segment

T

or not. As in section 4.1, we examine the perfect price discrimination case. Let T = D 1D
A + B

be the “technology cost/industry dominance” ratio. Denominator D, + D, is the sum of the

aggregate dominance of the firms in the industry, which, as we have seen earlier, is directly
correlated to the aggregate profits of the firms. Technology cost / industry dominance is thus a

proxy for the importance and the attractiveness of the technology to a particular industry. A
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lower technology cost / industry dominance ratio implies a higher industry dominance, which in
turn means the cost of segmentation technology adoption is relatively cheap with respect to the
industry. Firms in an industry with high revenues likely to be early adopters of business
intelligence technology as their technology cost / industry dominance ratio is low. Figure 5
shows the cut-off ratios to support technology investment decisions. [Detalled derivations of

these cut-offs ratios are provided in appendix C].

BS Dl NS

T* f T T
0 172 4/72

Y

BS: Both firms acquire segmentation technology
DI: Firm's decision is dependent on dominance
indicator

NS: No firms acquires the segmentation

FIGURE 5: Relationship between cost/earnings ration and firm’s technology acquisition
decision

A firmwill not acquire business intelligence technology if the associated cost is not offset
by accrued marginal profit. Technology is costly in interval NS in Figure 5, and therefore both
firms decide not to acquire business intelligence. On the other hand, in interval BS, the
technology is affordable, and thus both firms acquire it. Ininterval DI, afirm’'s strategy, i.e., the
decision to segment or not, is dependent on the dominance indicator

Figure 6 illustrates the firms' strategies for interval DI. In region IV, no firm acquires
business intelligence technology, as it is not affordable. In region I, the dominant firm acquires
technology and its competitor cannot afford the cost of technology. This finding is noteworthy:

high technology cost coupled with high dominance indicator leads to a situation where only very
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dominant firm segments the market. Even though the rival firm’s profitability decreases, it will
choose not to counteract the dominant firm’'s strategy to segment. , Both firms will segment the

market inregions il and I.

1
1
\ d, =1- 4T*
\
\\
da \ 1
| N Y
\
\
\\
3d, +1=72T*
4-3d, =72T* \ A
\
\
05
1/72 T 4172

FIGURE 6: Relationship between cost/earnings ratio and firm’s dominance indicator in region

Dl

3.6 Senditivity Analysis

Segmentation granularity, i.e.,, the number of segments, has an impact on firms
profitability. Increase in granularity enables a company to customize prices to ever-smaller
segments. Figure 7 shows the relation between a firm's profit and the number of segments that it

can split its loyal following.
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Sensitivity Analysis

—~

Firm's Profit

Number of Segments

FIGURE 7: Sensitivity analysis showing how number of segments affects firms' profitability
Firm A’s profit with respect to n and m are provided below. Due to symmetrical nature of the

problem, we skipped firm B.

MP._ , t, i 8t,
n (2n2 on® )
T[P A — tB
= . 1-
m 18m° (1-a)

A firm’'s profit is positively correlated with number of segments it can split its loyal following.
As firms can customize their prices to smaller segments, they can extract higher consumer
surplus. The maximum profitability is reached as the number of segments converges to infinity.
This is predictable as perfect information means that prices can be tailored for each individual
customer. Even so, the decision to acquire or not the technology should not be based solely on
profitability. The cost of business intelligence technology must be taken into account, as finer
segmentation requires larger investments in business intelligence. The acquisition decision must

be based on the cut-off points determined in the previous section.
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A striking result is that a firm's profit from rival’s loyal customers is negatively related with
number of segments. As the number of segments increases, a firm’'s market share fromitsrival’s
loyal customer diminishes.

Contrary to firm's profits, aggregate customer surplus V - Ois negatively correlated with
number of segments. Even though aggregate consumer surplus goes down with improvements in
segmentation, it is always higher than non-segmentation regime. A public policy that allows

segmentation but limits the number of segments is most beneficial for society.

3.7. Conclusion

We have examined price discrimination and business intelligence’s effects on
competition and consumer’s purchase behavior in a duopolistic game-theoretic model. Firms
compete for customers with varying price tolerance. A firm acquiring business intelligence
technology is able to partition the population of customers into categories of similar price
tolerance and to tailor a different price to each segment. A firm that forgoes the acquisition of
business intelligence technology, on the other hand, offers only two prices, one to their own
customers, and the other to the rival firm's customers. The main results of the study can be
summarized as follows:

1. Firms have a strong incentive to acquire business intelligence technology to increase
profits and to gain market share. Their profits are proportional to customers price
tolerance. This finding explains in part the proliferation of loyalty enhancing programs.

2. The game is not necessarily prisoner’s dilemma when the magnitude of the firms' base
and the degree of price tolerance are considered. The dominant firm is likely to improve
its profits at the expense of its competitor. The game is prisoner’s dilemma only when

firms are very similar in the degree of customer loyalty.
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3. Price discrimination and business intelligence lead to lower prices for price-sensitive
customers, but higher prices to loyal customers. Segmenting the market for not-so-loyal
customers is detrimental for firms due to intense price competition. For example, long
distance phone service turned out to be a low-profit business due to specialized discounts
offered to rival firms customers. AT&T, MCI and Sprint engaged in price wars in late
90's. This resulted in long-distance service becoming a low-margin business. AT&T's
chairman, C Michael Armstrong, was reported to complain at the time about declining
profits (Blumenstein, 1999).

4. Business intelligence improves consumer welfare. While the top loyal customers pay
higher prices, the majority of the other customers enjoy lower prices. The premiums paid
by the top loyal customers is largely offset by the actual savings achieved by less loyal
customers. Thus, overall consumer welfare is improved. Importantly, the premiums
incurred by loyal customers never exceed the threshold that will otherwise push them to
switch to the competitor.

5. High technology cost coupled with high dominance indicator leads to a situation in which
only very dominant firm segments the market. Even though the rival firm will see its
profits decline as a consequence, its strategy is not to match a dominant firm’'s

segmentation decision.

Our main contribution to price discrimination research is to characterize the conditions
under which competition in a duopoly is prisoner’s dilemma. When firms are similar in market
share and loyalty, the game is clearly prisoner’s dilemma. This is not true for asymmetric firms,

as the outcome depends on the dominance indicator. The second contribution is that business



intelligence and price discrimination improve consumer welfare, where welfare is defined as
aggregate consumer surplus. Thus, while some (afew) individual customers may complain that a
firm's price discrimination efforts as unfair, policy makers on the other hand may viewed
positively since the general public benefits from the overall strategy. Third, a firm’s dominant
strategy is to segment the market. Thus, managers should make every effort to acquire

segmentation technology as long as the “technology cost/industry dominance” ratio is low.
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V. PRODUCT COST

4.1 M otivation

Several attempts have been made to incorporate product cost into price discrimination
definitions (Stigler, 1987; Krugman and Obstfeld, 2003), but the impact of product cos in a
duopoly has been ignored. Product cost has been assumed to be either negligible or equal for all
firms. Product cogt differential is implicitly assumed to be incorporated in the price tolerance.
We show that this is a gross oversimplification, which hides the complexity of possible
competitive price discrimination games with variable customers' price tolerance. We show that
the impact of product cost on equilibrium cannot be assumed away in price discrimination. We
construct a duopolistic game theoretical model where firms are asymmetric, incur different
product costs, and have heterogeneous customers' price tolerance. A strong submarket for a firm
is one where customers incur a cost to purchase from a rival firm. We uncover a variety of
duopolistic price discrimination subcases, which hereto have never been investigated, and
determine the equilibrium conditions under which product cost differential makes a significant
impact on competition. Specifically, if the product cost differential is greater than the maximum
price tolerance of a low-cost firm, then the low-cost firm is able to prevent penetration of arival
into its submarket. If product cost differential is greater than twice the size of the high-cost
firm's maximum price tolerance, then the low-cog firm is able to drive its rival out of its
strongest submarket.

Let c,and c; denote respectively the cost incurred by two firms A and B, respectively. Table

5 summarizes the various ways product cost was incorporated in past price discrimination

studies.
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Cost Explanation Papers
c, = ¢, =c | Firmsincur the same cost. Fudenberg and
Tirole(2000), Shaffer
and Zhang (2002)

c, =C, =0 | Firmsdon’t incur acost. Actually, thisisa Chen et a. (2001), Liu
subcategory of previous research stream where and Serfes(2004),Chen
cost is normalized to zero. and lyer(2002)

c=F(q) Cost is afunction of the quality. As quality Johnson and Myatt
improves, products cossincrease. Thisresearch | (2003), Choudhary et
streams aims to find the quality level that al.(2005)
maximizes firms' profitability.

c=ax This research stream is based on Salop Model and | Dewan et al.(2003), Liu
cost isin fact the price tolerance a customer can | and Serfes(2005)
bear.

Table 5: Product Cogt in Price Discrimination Studies

Chen (1997), Shaffer and Zhang (2000), Chen et al (2001), Thisse and Vives (1998), Liu and
Serfes (2004), Chen and lyer (2002), Ouksel and Eruysal (2011) and Borenstein (1985)
investigated price discrimination for firms that incur the same product cost. Prices are directly
equated with profit margins, and product costs are ignored. Our model, in this section, assumes
that product cogs are not necessarily the same, and show that product cost differential has a
significant impact on firms' profitability and market share in a competitive environment, and
product cost is independent of profit margin differential.

Johnson and Myatt (2003), and Chaoudry et al. (2005) study the impact of product quality on
market prices, where the firm offering higher quality products incurs higher cost. Product cost
differential between two firms is correlated with quality differential between the products

offered. All customers in product-quality models are alike, i.e. they all prefer high-quality firm.
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If both firms offer the same quality level, their product costs would be the same. The cost in
these models is not actually product cost. In our model, firms compete on cost-difference and

they can offer the product to different segments at different prices.

4.2. The Game

The competition game between the two firms unfolds as follows. Firms independently
and simultaneously determine their pricing strategies. Firms can offer different prices to each
segment through targeted coupons or special offers. For example, LL Bean inserts into their
catalogs “special offers’ that vary across households (Shapiro and Varian, 1998). Both firms

incur production costs which are not necessarily the same.

4.3. Analysis and Strategies

We first show that product cost and price tolerance are two independent dimensions.

Then, we analyze the impact of product cost.

4.3.1 Product Cost and Price Tolerance are two independent dimensions

One may erroneously argue that product cost differential can be aggregated into price
tolerance. We show that a change in product cost does not translate into a commensurate
adjustment of the price tolerance. Let the model illustrated in Figure 1 be referred to as the basic
model. We define a modified model where product cost and price tolerance are integrated
together by subtracting product cost differential from price tolerance. We shall refer to this

model as the cost-adjusted model. We show below that the two models are not equivalent.

Without loss of generality, assumec, > ¢, . Both firms may be viewed as having the same

cost ¢, but price tolerance for firm A’s customers is reduced by product cost differential
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(c,- c3) in the cost-adjusted model. Note that since price tolerance cannot be negative, firm

A’s cost-adjusted maximum price tolerance can be expressed as:

N

*

. _ita-(cy-cg) ift 3 (c, - Cp)
= .
350 otherwise

If product cost differential is less than maximum price tolerance, then firm A retains some of
customers in its strongest submarket, as illustrated in Figure 8a. Customers between O and

Ca” G )g continue to prefer firm A while those between g and 1 continue to prefer

g =(@-

A

firm B. On the other hand, customer between q° and q are now indifferent between firms.

Price Tolerance

Firm A’sloyal cusomers Firm B’sloya cusomers

Customersthat are
indifferent between firms

q q FirmB

FirmA

FIGURE 8a: Price Tolerance for the cost-adjusted model where price tolerance is greater than
cost differential (t, 3 (c, - Cg) )
When product cost differential exceeds maximum price tolerance, cost-adjusted price
tolerance is Zero for customers between O and g . The customers that used to prefer firm A are

now indifferent between the firms. Figure 8b illustrates this case.

Price Tolerance

Firm B’sloya cusomers

Customersthat are
indifferent between firms

FirmA q FirmB
49



FIGURE 8h: Tolerance for the cost-adjusted model where price tolerance is less than cost
differential (t, <(c,- G,) )

Proposition 4: The basic model is not equivalent to the cost-adjusted model.
Proof: [By contradiction.] Assume that both models are equivalent. Therefore, customer
responses to firms' prices must be the same, in that a cusomer will select to purchase from the
same firm in both models. We will show that this will not actually occur by analyzing the two
cases illustrated in Figures 8a and 8b:

Casel: t, 3 (c - c;) asillustrated in Figure 8a.

Consider the customers that prefer firm A with switching cost in the range (O,

ty- (C,- Cg)) in the basic model. These are the exact customers between q” and g in

the cost-adjusted model. They buy from firm A so long as both firms offer the same price

in the basic model. But these same customers ,are indifferent to the two firms in the cost-

adjusted model. Contradiction.
Case2: t, <(c,- C;) , asillustrated in Figure 8b.
Consider customersin range (0,q). They will buy from firm A so long as both firms offer

the same price in the basic model. The same set of customers become indifferent to either

firm in the cost-adjusted model. Contradiction.

4.3.2 Pricing Strategies
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Let us assume that firm A incurs equal or higher product cost, i.e., ¢, - ¢; * 0. Due to
symmetrical nature of the argument, the case where c, - ¢; <0 will not be examined.
Equilibrium conditions are determined for each of the following subcases:

i. c,-CyE2t,andc,- C £t
il. Cy-Cg>2t, andc, - ¢y <ty
iii. c,- cg<2t,andc,- c; >t
iV. Cy- Cg>2t, andc, - C; > 1
Lemma 1: There exists a unique Nash equilibriumifc, - c; £ 2t, andc, - ¢, £1;, wherethe

equilibrium prices are given by: [ proof in Appendix D]:

a 2tA 2c:A CB b tB 2c:A CB
=—A4+ A4+ 8 and =—=+—"L+—=
Pa 3 3 3 Pa 3 3 3
a _ta Ca, 2C b _ 2y C,  2C,
=A+ 24+ "B gndp) =—L+-L2+—F
Ps 3 3 3 Ps 3 3 3

. Lemma 2: There exists a unique Nash equilibriumif c, - c;>2t, andc, - ¢; <t; wherethe

equilibrium prices are given below: [proof in Appendix E]:

a t, 2c
pAchandp2:§B+?A+%

a 2t; C,  2c
pB:cA-tAandpg:—3B+—é*+—3B

Lemma 3: There exists a unique Nash equilibriumif ¢, - c; <2t, andc, - ¢c; >t,. Theunique

equilibrium prices are given below: [proof in Appendix F]:
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a_2t, 2c,  Cg b
=—++—2F+>=andp, =C
pA 3 3 3 pA A

a :t_A+&+2_CB

Ps 3 3 3andpfj=cA-tB

Lemma 4: There exists a unique Nash equilibriumif c, - ¢;> 2t, andc, - ¢; > t; wherethe
equilibrium prices are given below: [proof in Appendix GJ:
Pi =c, andp; =c,

pg =Cu- tA andpg =Cy- tB

4.4 Discussion
We now analyze how variable product costs affect equilibrium. The results show that the game
isinequilibrium regardless of cost differential. Figure 9 shows the equilibrium conditions when

both firms can price discriminate.

A '
C.-G | E I
Ca- Cg <2ty i Ca- Cg > 21,
Ca= G > 15 E Ca- Cs >l
LS :r """""""""""""
1 ; Y
CA_CB<2tA i CA_CB>2tA
CA_CB<tB E CA_CB<tB
| » GG
2t

Figure 9: Equilibrium conditions when firms have different product costs
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Bothx andy axisare C, - G, .

The figure illustrates al the possible product cost differential cases. Previous findings dealt
only with the case represented by the origin in this graph, i.e., the case where product cost
differential is zero. Market equilibrium is sharply different in each quadrant. We briefly explain
the each quadrant below:
Quadrant | isthe case where low-cost firm doesn’t let its rival make inroads into its
strongest submarket.
Quadrant 11 isthe case where low-cost firm drives its rival out of business.
Quadrant 111 isthe case where product cost differential is moderate and both firms are
ableto sell in some of each others' submarkets. It includes the case investigated in
previous price discrimination studies, where product cost differential is zero.
Quadrant IV is the case where the low-cost firm makes inroads into itsrival’ s strongest
submarket.

The findings of the previous studies still hold within quadrant I11. On the other hand, quadrants|,

Il and IV have never been investigated.

4.5 Conclusion

Our results show product cost differential cannot be ignored in price discrimination. We
build a game-theoretic model with two asymmetric firms, where firms incur variable product
costs, and customers incur variable price tolerance. Incorporating product cost into the model
enabled us to analyze how variable product cos differential impacts market equilibrium. We
have shown that product cost and price tolerance impact competition independently. Then, we

exhibit a variety of cases, which hereto have not been investigated previously. The assumption
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that product cost is negligible or equal for competing firms is a gross oversimplification. Our

results show that product cost differential changes market structure.



V.INFORMATION QUALITY AND PRIVACY

5.1 Motivation

When firms split customers into segments under imperfect information quality, questions
arise about how the uncertainty affects prices, market share, and competition. Using a duopolistic
non-cooperative price discrimination model, we investigate the following research questions:

How does uncertainty about customer preferences affect prices, market share and
competition?

Does more knowledge about customers lead to intensified competition?

Isit more profitable to price discriminate even if information quality is low?

How does consumer welfare change with varying degrees of information quality?

Privacy consciousness is a major factor affecting information quality. The collection and use
of customers information without their consent remains a material privacy concern (Awad and
Krishnan 2006; Hui et al. 2007; Kasanoff 2001). A well-known example was that of
DoubleClick -- an internet advertising company that tracks user behavior to better target banner
ads — which postponed its plan to merge online and offline data due to a public outcry (Hansen,
2000). Likewise, firms that used customer information to price discriminate also faced a public
outcry. Target used business intelligence to predict their pregnant customers to send them
customized coupons (Hill, 2012).

Privacy-conscious consumers are unlikely to reveal their information, thus making it harder
for firms to predict their preferences. Although sophisticated Bl tools make it very easy to store
and analyze customer purchase behavior, customers still have some control over their own
personal information. Customers can take actions to avoid being tracked: blocking browser

cookies, using multiple online identities, using temporary e-mail addresses, and purchasing with
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virtual credit cards. Not surprisingly, privacy concerns negatively affect consumers’ willingness
to disclose personal information (Culnan and Armstrong 1999; Dinev and Hart 2006; Malhotra et
al. 2004; Stewart and Segars 2002). Clearly, privacy concerns play an important role in
information quality.

The second factor affecting information quality is imperfect business intelligence systems.
Firms might classify customers into incorrect segments due to gaps in data analysis. Firms may
also make classification mistakes due to inaccurate and/or incomplete information. We shall
refer to accuracy and completeness of customer preferences as information quality. A firm with
low information quality is more likely classify customers into wrong segments. This may direct
customers to products not matching their needs, in turn impacting the firm's profit through lost
sales opportunities. A firm’s business intelligence capability is a function of information quality
and customers privacy concerns. We study how varying degrees of information quality and
privacy concern affect prices, profits and consumer welfare in this section.

When firms have access to business intelligence technology, customers are offered lower
prices. This outcome is counter-intuitive. Even though, price discrimination is not considered as
fair by customers, it significantly improves the competition in the market which leads to more
affordable prices. As firms have business intelligence capability, competition confines to
individual segments. Most important contribution of this study is that an increase in information
quality lower firms' profits as this makes them more competitive.

This study differs from past price discrimination literature in two major ways. First, we
assume inaccurate and incomplete information about customer preferences. Business intelligence
does not offer perfect precision and accuracy in predicting customers preferences. In practice,

business intelligence does not deliver perfect results and firms regularly improve their business
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intelligence systems. For example, Netflix awarded $1 million to improve its movie
recommendation system (Lohr, 2009). Second, firms may have no information about some
extremely privacy-conscious customers who actively block firms' data collection efforts. We
assume two different customer types in the market. One is myopic customers which reveal their
personal preferences. The other one is privacy-conscious customers about which firms have no
information. Firms can customize prices to myopic customers considering their purchase
behavior and personal preferences. However, firms can't tailor their prices to privacy-conscious
customers. Our novel approach in modeling privacy-conscious customers enables us to analyze
how varying degrees of privacy consciousness in the market will impact competition, profits, and
market structure.

This section connects several interrelated areas of marketing and economics. The primary
contribution applies competitive price discrimination in a duopoly, especially the literature on
behavior-based price discrimination. This paper extends the behavior-based price discrimination
literature by incorporating information quality about customer preferences and privacy concern
of customers into a game-theoretical model. In this research stream, firmstailor only prices (e.g.,
Chen and lyer 2002; Chen et a. 2001; Choudhary et a. 2005; Shaffer and Zhang 1995, 2002,
Thisse and Vives 1988, Ouksel and Eruysal 2011) or both products and prices (e.g., Dewan et al.,
2003; Syam and Kumar 2006; Ghose and Huang 2009). Major finding from early studies in this
research stream is that price discrimination leads to prisoner’s dilemma where firms become
worse-off (Chen et al. 2001; Choudhary et a. 2005; Shaffer and Zhang 1995; Thisse and Vives
1988). Firms in those studies attempt to lure rival firms' price sensitive customers by lowering
their prices. Intensified competition in turn makes firms less profitable. However, more recent

studies showed that symmetry between firms lead to prisoner’s dilemma. Shaffer and Zhang
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(2002) show that a firm might improve its market share at the expense of its rival. When
improvements in market share outweigh the losses due to competition, a firm could be better off
with price discrimination.

This section is also closely related with customer recognition studies where customers are
indifferent among firms initially but become locked-in with their purchase. A customer has to
incur switching cost to purchase from the other firm in subsequent term. A customer’s purchase
in the first period is a revelation of a preference for one firm’'s product. Firms use customers
purchase history and switching cost to price discriminate in the second period. Chen (1997)
studies a two-period duopoly model where customers incur varying degrees of switching costs.
The strategy of the firms is to lower their prices initially to build a loyal customer base and
thereby expand market share, only to increase them sufficiently for locked-in customers in the
second stage. Firms are worse off due to intensified competition for price sensitive customers;
yet, customers are not necessarily rewarded as they incur switching costs. Taylor (2003) extends
Chen’'s model by having more than two firms. Nevertheless, the findings are similar. The
modeling approach in this research stream favors offering lower prices to rival firms locked-in
customers. Switching cost in these studies has similar impact as price tolerance in our model.

Another closely related study is Chen et al. (2001) where firms do not have perfect
information about customers and can mistakenly classify customers into wrong segments. Both
firms have their own loyal customer base and switchers are indifferent between firms. Firms
compete for loyal customers and switchers. Firms prefer to offer higher prices for their own loyal
customers as those customer can tolerate a premium. Due to imperfect information quality, a
firm perceives some of its loyal customers as switchers, and thus those customers are likely to

make a purchase from rival firm. The main finding of the study is that improved information
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quality is not always detrimental to rival firm. As a firm gets better in identifying its own loyal
customers, it charges a higher price to its perceived loyal customers. Therefore, price
competition gets softened as targetability improves.

Lee et al. (2011) classified customers into three main groups with respect to their privacy
consciousness. They are privacy unconcerned, privacy pragmatists, and privacy fundamentalists.
We argue that firms can target privacy unconcerned and pragmatists customers asthey are likely
to reveal some of their preferences. Firms could make classification errors for privacy
unconcerned and privacy pragmatists due to insufficient data or imperfect business intelligence
systems. On the other hand, privacy fundamentalist prefer not to disclose any personal
information and firms cannot offer customized prices due to lack of information. Our model

takes into consideration these nuances.

5.2. The Game

Similar to Acquisti and Varian (2005), a customer in our model can be myopic or
sophisticated with regards to privacy. Myopic customers reveal their preferences and firms can
analyze their past purchases to predict their price tolerance. On the other hand, sophisticated
customers adopt privacy-enhancing technologies not to establish a purchase history. We assume
that sophisticated customers develop mechanisms to avoid being tracked and firms have no way
of knowing their product preferences. A customer’s price tolerance and privacy preferences are
two separate dimensions. We assume that myopic customers are uniformly distributed within the
interval [0, 1]. Let | be the fraction of myopic customers. Table 6 shows the privacy-

consciousness and price tolerance matrix.
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Price Tolerance
a customers b customers
. Myopic I q I (1-q)
Privacy  msophisticated | (1- 1)g @-1)I-q)

Table 6 Price Tolerance and Privacy-Consciousness in the market

Parameters | (proportion of myopic customers) and q (proportion of a customers) are
known by firms. This market-level information can easily be obtained from industry reports,
survey results, aggregated sales data and census results (Kotler, 1997). An individual customer’s
product preference can be predicted by analyzing internal and external data sources. Firms in our
model predict whether an individual customer is loyal to them. Privacy-conscious customers
reveal no personal product preference; therefore, firms cannot predict price tolerance. On the
other hand, myopic customers reveal their product preferences with their past purchases and
firms can classify them into a and b segments. Let ¢ denote the probability of categorizing
i customers correctly whereil (a,b) . If information quality is perfect, then firms can
categorize all myopic customers into correct segments. This is the case whereq, =q, =1. |If
firms have no information about customers, they can still randomly categorize myopic customers
based on market-level information. Therefore, q, 2 q andq, 2 1- g . We assume that both
firms have exactly the same information quality. Therefore, they both make the same
misclassification errors.

The competition game between the two firms unfolds as follows. Firms independently
and simultaneously determine their pricing strategies. If a firm has business intelligence

capability to segment the market, it can offer different prices to each segment through targeted

coupons or special offers. In other words, business intelligence technology provides capability to
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customize prices to different segments. A firm without business intelligence cannot address

individual customer and it has to offer the same price to all customers in the market.

5.3 Analysis and Strategies

Our aim is to find out how varying degrees of information quality and size of privacy-
conscious customer segment affect the overall prices, market share, profitability and social
welfare. We will first derive equilibrium conditions for the case where firms have business
intelligence. Then, we will compare the results with the case where no firm has business

intelligence.

5.3.1 Subgame 1: No firm has businessintelligence

Firms cannot divide the market into segments, as they cannot figure out individual
customers loyalty preference. Each firm offers one price to the market. Customers compare
firms prices and make a purchasing decision considering their loyalty preferences. This
subgame has been studied by Shaffer and Zhang (2000). Their main finding is restated below
using our own notation.

Proposition 5: Subgame 1 has a unique Nash Equilibrium. A pure-strategy Nash equilibrium to

the game in which no firm can price-discriminate existsif and only if q,t,,and t; are such that:

@+a)* 'ty @-9)2-9)?

At equilibrium, firms A and B:

1+q

2-
charge ?t‘\ and =4

t,, respectively and,

retain 1+Tq and ZTq customers, respectively.
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We include this proposition in order to provide a benchmark for comparisons with the

other subgame, where firms acquire business intelligence to split the market into finer segments.

5.3.2 Subgame 2: Both firms have business intelligence

Firms have access to business intelligence and thus can categorize customers into three
segments. perceived loyal customers, rival firms perceived loyal customers and privacy-

conscious customers. Figure 10 shows firms' perception of the market.

Actual Market a Customers b Customers
0 1
Segmenting Perceived a Customers Perceived b Customers| Privacy-conscious
firm’s perception customers
0 I q | 1

Figure 10: Firms' perception of the market

As a reault of imperfect information quality, firms may categorize myopic customers
inaccurately. Solid lines in figure 10 shows correctly classified customers. On the other hand,
dashed lines show incorrectly classified customers. Size of perceived a customers is | g where
| is the proportion of customers that firms have information about and q is firm A’s loyal
customer base. Note that perceived a customers segment has some incorrectly classified

customers which are in fact b customers. The size of incorrectly classified a customers is
lq@- q,) where g, is the probability of correctly categorizing a customers. Similar to

perceived a customers, perceived b customers segment has incorrectly classified consumers.
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The size of incorrectly classified customers is | (1- q)(1- g,) where 1- q is the proportion of

customers that prefer firm B and q, isthe probability of correctly categorizing b customers.

A firmis strong in the submarket where its loyal customers are likely to buy its products.
On the other hand, it is a a disadvantaged in the submarket where customers have a tendency to
buy its rival’s product. Contrary to other submarkets where all customers within the segment
have exactly the same brand preference, the segment composed of privacy-conscious customers
does not have a loyalty preference for only one firm. Some privacy-conscious customers prefer
firm A; others favor rival firm. Note that a privacy-conscious customer is actually of type
a orb; however, firms cannot predict individual privacy-conscious customers loyalty
preference due to lack of customer-profile related information. We assume firms are able to
recognize privacy-conscious customers in the market even though they cannot predict their loyal
preference.

Each firm offers three prices, one to its perceived loyal customers; one to its rival’s
perceived loyal following, one to privacy-conscious customers.

Proposition 6: There is a unique Nash equilibrium when both firmsin a duopoly, have accessto

2-q,
39,

t,,and 2594 toits
3

businessintelligence. At equilibrium, firmA chargeslg % t,,
3

perceived loyal customers, itsrival’s perceived loyal following, and privacy-conscious

1+q,
39,

rival’s perceived loyal customers, its perceived loyal following, and privacy-conscious

t,,and 294 toits
L3

customer s respectively. On the other hand, firm B charges 2:; % t,,
a,

customer s respectively. Both firms are able to hold most of itsloyal customer base. [See Proof is
in appendix H].
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The striking difference from the previous cases is that customers are offered lower prices
in this subgame. This result is counter-intuitive. After all, price discrimination is considered to
be unfair by customers. However, price discrimination in fact improves the competition in the
market which results in lower prices.

When both firms have business intelligence capability, the level of competition confines
to individual segments. Both firms allow its rival to make inroads into its loyal customer base.
However, they are both able to limit the penetration of the rival firm.

Firm A has a loyalty edge over firm B on perceived a customers. Firm A can in fact
block the penetration of firm B. However, it maximizes its profit by trading off market share
with premium. Firm A prefersto lose some of its least loyal customersto charge a high premium
to other perceived loyal customers in perceived a customers segment.

Firm B has a loyalty edge over firm A on perceived b customers. Due to symmetrical
nature of the problem, it follows the same strategy of charging a premium to its perceived loyal
customers. Thus, firm B loses some of its least loyal customers to maximize its profit from
perceived b customers.

Privacy-conscious customers’ segment resembles the subgame 1 where firms cannot
predict customer’s price tolerance. Thus, firm A charges a higher price than itsrival to maximize

its profit.

5.4 Implications

We analyze previous section's findings to obtain implications for consumers, firms and
policy-makers. Table 7 and 8 shows firms' overall profits and prices in the market for each
subcase. We cannot evaluate whether firms are better off or their profits decline by comparing

firms' profits at this stage. The change in profit is a function of firms' initial loyal customer base
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size, price tolerance, information quality and percentage of privacy-conscious customers in the
market. In the following section, we analyze the prices for each subgame and explore the
conditions under which a firm becomes more profitable. Specifically, we analyze the impact of
information quality and size of privacy-conscious customers on market share, prices and

profitability.
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Profit Functions
Firm A Firm B
No Business (1+q)2t (2-q)2t
Intelligence 9q 9 "

. . 2 2. 2 2 _ 2 1+ 2 2
With Business|| g &%) ¢ 1oy Zi )y L) @D g o)y ) RS gy 2
Intelligence 9q, b 9, b

Table 7: Firms' Profits when information quality and privacy is considered
Pricesin the market
Alpha Beta No Info
firm A firm B firm A firm B firm A firm B
1+q 2-4 1+q 2-4 1+q 2-q
; ; o la — — la — o la —
No Business Intelligence Kol 3 Kol Kol Kol 3
1+ 2- 2-q 1+q ]

_ _ _ % t, % t, : ts : B 1+_th 2_th

With Business Intelligence 3q, 3q, 3% 34, £ |

Table 8: Prices in the market when information quality and privacy is considered
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5.4.1 Implications for Customers

Lemma 5: Prices for perceived a customers are negatively correlated with
information quality.
Proof: Remember g, is the percentage of perceived a customers that are

correctly classified. g, indicates the information quality in the model. Firm A and B

1+q,)

( )
charge t, and Sc:la T to perceiveda customers when both firms have access

to business intelligence. As @, increases, both firms lower their price for a customers.
On the other hand, both firms increase their price if q, goes down.

This result is counter-intuitive. Even though more knowledge about customers is
expected to make prices higher, it substantially increases the level of competition in the

market which leads to cheaper prices. In fact, uncertainty about customer information in

fact keeps the prices high.

Lemma 6: Prices for perceiveda customers go down when both firms have

access to business intelligence.

Proof: a customers are charged %tA and %tA by firms A and B

respectively when firms have no business intelligence. Firm A and B charge

1+q,)
3q,

(2-q,)
t, and tato perceiveda customers when both firms have access to
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business intelligence.  Note that ¢, 3 q . Therefore, 1;q t,3 (1;033)tA and

2-9, 5 (2-a)
3:{ A

t,. Dueto intensified competition, prices for a customers goes down.

Lemma 7: Prices for perceived b customers are negatively correlated with
information quality.

. 2- Oy 1+ Oy .
Proof: Firm A and B charge —5—— s @d ——1t5t0 perceived b customers

39 39

when both firms have access to business intelligence. As q, increases, both firms lower

their price for b customers. On the other hand, both firms increase their price if g, goes
down.

The impact of business intelligence on b customers are more nuanced. We
analyze pricing changes for b customers below.

Lemma 8: Firm A charges a lower price for perceived b customers if the
following condition is held.

t_A> (2' qb) q
[ q, 1+q

Proof: Firm A’s price is %tA when firms have no business intelligence. Firm

B t, for perceived b customers when firms acquire
b

A’s price is changed to
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2 -
business intelligence technology. Firm A’s price is reduced if 1;q t, > % ts.

b

tAE (2- qb) q

Rearranging the termsyields 7— .
g g yl tB qb l+q

Lemma 9: Firm B charges a lower price for perceived b customers if the

following condition is held.

t_A> (l+qb) q
tB s 2'q

Proof: Firm A’s price is %tA when firms have no business intelligence. Firm

+q,

1
B’s price is changed to t, for perceived b customerswhen firms acquire business

b

- 1+
intelligence technology. Firm B’ s price is reduced if Zaqq t, > % t, . Rearranging the

b

t, . (1+0,)
terms yields t—A > .

a9
B 0% 2-9°
Lemma 10: If firm B lowers its price for perceived b customers, then firm A is
guaranteed to lower its price for perceived b customers.
Proof: If firm B lowersit price, then following condition is held.
s 110)

L _a
tB O 2- q
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t,  (2-a,)
asqb'q>%.Therefore > 2 3

(Z-Qb) q £(1+Qb) q t l
, B qb +q

s 1+q Oy 2'q

Note that

must hold.

Lemma 11: Price for privacy-conscious customers is not affected by business
intelligence.
As firms have no information about privacy-conscious customers, they are offered

exactly the same price when no firm price discriminates.

5.4.2 Implicationsfor firms

We analyze how firms profitability changes with business intellugence in this
subsection. Specifically, we find the conditions that make firms more profitable. Then,
we analyze the impact of | , the fraction of myopic customers, on firms' profits.

Lemma 12: Firm A becomes more profitable with business intelligence if the

following condition is held:

ta (1- 99.)°qq,
ty (@ (1+a) - a*(1+q)*) (- 29+qq,)
- , .. (1+q)? . : o
Proof: Firm A’s profit is 5 t, when firms have no business intelligence. Its
q
2 2. 2 2
profit can be expressed as | q (1+azﬁ) t,+1 (1- q)(g—%)tB +(1-1 )(1;?) t, when
b

firms have business intelligence. Firm A’s profit increase if the following condition is

held:

70



2
1qEr ey 41 q)
9q,

(2- qb)2 tB +(1_ [ )(1+Q)2 tA> (1+q)2 tA
94, 9 9

Rearranging the terms yields:

L, (1- dq.)’qq,
ts (q,(1+0)*-9*(1+q,)’) (1- 29 +qq,)

Remember firm A offers a lower price to its loyal customer base with business
intelligence. Firm A could increase its profitability if and only if its losses from its loyal
customer base is offset by its gains from b customers. This is possible if firm B has
customers with extremely high price tolerance levels.

Lemma 13: Firm B becomes more profitable with business intelligence if the

following condition is held:

L, (2- 3 +9q,)°aq,
t. (0, (2-9)*-09*(2- q,)°) (@- 9 +qq,)

Remember firm B offers a lower price to its rival’s loyal customer base with
business intelligence. Firm B could increase its profitability if and only if its loss from its
rival’s loyal customer base is offset by its gains from its own loyal customers. This is
possible if firm B has customers with extremely high price tolerance levels.

We are ready to analyze the impact of | , the fraction of myopic customers, now.
We will do the analysis for firm A. Similar analysis can be done for firm B; however, we
skip it asthe impact of | isthe same for both firms.

Remember firm A’'s profit is

t,+1 (1- q) when firms have access to

A

|qw Mt8+(1-l)mt
9q, 9

b

business intelligence technology. The first termis firm A’s profit from its loyal customer
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base, the second one is its profit from rival firm's loyal customers and third term is its
profit from privacy-conscious customers. Note that an increase in | improves the first
two terms; however, it has negative impact on the third term.

| =0corresponds to the case where all customers are privacy conscious. Note that

firm A’s profit becomes t,when | =0. Thisis exactly the same profit function

(1+q)’
9

when firms have no business intelligence.

| =1corresponds to the case where no customer is privacy-conscious. Firm A’s

2 2. 2
profitis g (1;%) (2- G)

t, +(1- q)g—tB when | =1.
b

| =0and | =1 are in fact extreme conditions and firm A’s profit is always

(1+q)’

2_ 2
between ———t,and q ﬂt
EY

9q,

ta+(1-0a)

B -

(1+q,)’
9q,

If firm A becomes more profitable with business intelligence, then

2_ 2 2
( gqu) ty > (1;?) t, is satisfied. Therefore, | has a positive
b

1+q. )?
q(gi)u+a-m

impact on overall profit. In other words, the size of privacy-conscious customers (1- 1 )
has a negative impact on profitability if firm A becomes more profitable with business
intelligence.

If firm A incurs losses with  business intelligence, then

2-q) 2
( gqb) ty <(1;?) t, is satisfied. Therefore, | has a negative
Ay

1+q. )?
q(gi)u+a-m

impact on overall profit in this subcase. In other words, the size of privacy-conscious
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customers (1- | ) has a positive impact on profitability if firm A becomes less profitable
with business intelligence.

To sum up, the impact of privacy-conscious customers' impact on profitability is
nuanced. If a firm's profit increase with business intelligence, the size of privacy-
conscious customers have negative impact. On the other hand, it has positive impact if

firms profit decrease with business intelligence.

5.4.3 Implications for Policy M akers

An important question is how business intelligence impacts consumer welfare
when firms make classification errors and some of the customer are privacy-conscious.
We already defined consumer surplus as the difference between what a consumer is
willing to pay and the actual price in section 3. We again consider aggregate consumer
surplus as the measure of consumer welfare. Assume that a customer obtains benefit v
by purchasing a product (i.e., v>>p wherepisprice) from a firm. An individual
customer’s surplus is thereforev- p. Let V and O be the aggregate customer benefit
and the firms' total revenue, respectively. The aggregate customer surplus is therefore

V - O. Table 10 summarizes model’s consumer welfare implications.

No Business 2
- +
Intelligence V - S- 4+ t,
Consumer 9:]
Welfare Both firms } +92q 2 5- 2a. +2q. 2 ) 2
ravebusiness | V- g2 2R T2 g g )T TR T g ) A
intelligence b

TABLE 10: Consumer Welfare when both firms have business intelligence
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Lemma 14: Consumer welfare improves with business intelligence if the

following condition is held:

ta (5+q(-12+20,) +q*(9- 60, 2+29°)qq,
t; (50- 29q, +49°q, - 507 - 20°) (1- 29 +qq,)(1- q)

Proof: Consumer welfare improves if the following condition is held:

2

_ 2 5_2 +2 _ 2 _ 2
V - |q5 20, +20, t,- 1 (1-q) % * <G tB-(l-I)mtA>V-mtA
99, 9 9

Rearranging the terms yields:

L, (5+q(-12+20,) +q*(9- 60, 2+29°)qq,
t; (50- 29q, +49°q, - 507 - 20°¢}) (1- 20 +qq,)(1- q)

5.5 Conclusion

We have examined the impact of price discrimination on competition and
consumer’s purchase behavior in a duopolistic game-theoretic model. Firms compete for
customers with varying price tolerance and privacy-consciousness. A firm acquiring
business intelligence is able to partition the population of customers into categories of
similar brand preference and to tailor a different price to each segment. A firm may suffer
from low information quality and make errors in classifying customers into correct
segment. The main results of the study can be summarized as follows:

The game is not necessarily prisoner’ s dilemma when the magnitude of the firms

initial customer base, the degree of price tolerance, information quality and

fraction of privacy-conscious customers are considered.
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As information quality about customer preferences improves, firms profit decline.
This result is not intuitive. More knowledge about customer preferences
intensifies competition and firms lower their prices to attract customers,

When both companies have access to business intelligence, the customers that
prefer the firm with higher initial market share are guaranteed to be offered lower
prices. On the other hand, the customers that prefer the firm with small initial
market share might be charged higher price.

The impact of business intelligence on consumer welfare is nuanced. Initial
customer base, the degree of price tolerance, information quality affects consumer

welfare.

Our main contribution to price discrimination research is to show the relationship
between information quality and firms profits. More knowledge about customer
preferences have negative impact on profits.

There are several limitations in this research. First, we assume that business
intelligence provides exactly the same level of information quality for both firms. In
reality, a firm needs to collect customer-specific data to accurately estimate individual
customer’s price tolerance and firms could have different information quality levels. We
plan to investigate the case where firms have different level of information quality.

Second, customer’s price tolerance is assumed to decline linearly to smplify
mathematical derivations. A U-shaped loyalty curve would be more realistic, as most of

the population is price-sensitive and their loyalty is moderately low.
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Third, customer’s brand loyalty never changes in our model. Purchasing from a
rival firm can change a customer’s loyalty level in practice. A model incorporating the

change in brand loyalty over time is more redlistic.
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APPENDIX A — Proof of Proposition 2
It is assumed that a firm possessing business intelligence technology and history
of past purchases knows individual customers price tolerance. We assume perfect
information about customers' purchase behavior. The outline of the proof is as follows:

1. Determine pricing strategies and prices for a customers. We show that the overlap of
firms A and B occurs only in the n-th segment of a customers.

2. Determine pricing strategies and prices for b customers. We first show that firms A
and B overlap in at most two overlapping segments. Then, this result isrefined further
to show firms A and B actually overlap in exactly one or two segments over the
b customers. Finally, we show that the two-overlapping-segment case is the
dominant strategy. Even though it is only the dominant strategy for firm B, the two-
overlapping-segment equilibrium is imposed, as firm B is the pricing leader over b
customers. The stepsin proof are outlined below:

First, firm A and B overlap in at most two segments (Lemma A.1).

Second, zero-overlapping-segment case is not feasible (LemmaA.2).

Third, one-overlapping-segment case is a feasible solution when  customers are
partitioned into m>2 segments. The overlapping segment is neither the first nor
the last of the m segments (Lemma A.3).

Fourth, two-overlapping-segment case is an equilibrium, for any m. Lemma A.4
shows that it isthe only one for m=2.

Finally, two-overlapping-segment is the dominant strategy (Theorem). It is
dominant for both firms when the number of segments for B customers is even.

When m is odd, one-overlapping-segment is the dominant strategy for firm A,
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and two-overlapping-segment is the dominant strategy for firm B. Since firm B is
the pricing leader for b customers, its dominant strategy is imposed.
i. Determinepricing strategiesand pricesfor a customers

Let O,(a,) and O,(a,) denotefirms A’sand B’s profitsin segment a,. Then:

Pa@)- Pa(@)- (- )
ta )

n

(N)A(ai) = % pa(a;) (1-

At equilibrium, firm A cannot improve its profits by deviating from its pricing.

Therefore:

i
ﬂC)A(ai) _q 1 Pa@;)- ps@)- (ta- tAn))- q p.(@;) —0pb
p(@) n L9 n t

n n

t i
pB(a)+tA+ A tA*

- n n
Pa(@;) = > @

The proportion of customers purchasing from firm B in the i-th segment is bounded as:

pA(ai)' pB(a)' (tA' tAi)

0f Nn£1 (2
tA

n

Substitution (1) into (2) yields:

S P@) g4
0£—2 2N )
ta
n
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Since pg(a)is nonnegative, the numerator in (3) can be nonnegative only when i = n.
Clearly, it does not hold for segments a;to a,,_, . Therefore, firms A and B overlap only

in segment a,,. Firm B’s profit function over a customers can be expressed as:

O (a) _pB(a)(pA(an)t- pB(a))

n

At equilibrium, we have:

105(@) _a,P.@,)- Ps(@)  ps(@)
o) n' G R
n n

Solving (1) and (4) simultaneously results in:

2t t
a)=—2 andp.(@a)=-2%
p.@,) = Ps(@) an

For segments a, to a,,, firm A charges the maximum possible price that its loyal

customers can tolerate. Therefore, firm A’s prices for these segments are:

it i .
pA(ai)zpB(a)+tA-tAE :3—’;]+tA-tAH wherei=12,...,n-1

Let O,(a)and O,(a) denotefirms A’sand B’s profits from a customers, assuming that

both overlap only in the n-th segment. They can be expressed as follows:

-1

05

pB(a))q (A + ta

q P.(@,)-
pa@;)—= +pA(a (- . > 6n *on?

O0,.@)=a O0,.@)=

i=1

7

.mos
—
>

1

> |

_ % pA(a) Ps@)ya _ ty
B(ai)—§10+ Ps (@ )( )Irl on?

(@]
)

1
Qo
(@]}

1
[y

7A
n
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Determine pricing strategiesand pricesfor b customers

We now explore pricing strategies for b customers:

Lemma A.1: Firm A and firm B overlap in at most two segments over the b customers.
Proof: Since firm A possesses business intelligence technology, it can tailor its prices to
each segment. To prevent firm A from cannibalizing its customer base, firm B’s strategy
would be to lower its price. If it sets its price to zero for example, it will indeed
successfully keep its entire market share. But this is not a viable strategy for a profit-
driven firm. Therefore, firm B must set its price to maximize its profits. But, in so doing,
it must be willing to loose market share over its least loyal customers. Assume that firm

A captures segments from b, to b, both firms overlap in segmentsb, to b, and firm

-1
B controls alone segmentsfrom b, ,, to b, suchthat 1Eq£r £ m.
since

Firm A must undercut its rival’s price to capture segments b, to b,

customers in these segments are loyal to firm B. The maximum price firm A could

charge in segments b, to b, ,, and yet undercut firm B is given below:

-1
pa(b,) = py(b)- tB# wherej =1,2,...q- 1

Let O, (b) denote firm A’s profit from b customers. It is given by:

-1

- %—l i 1- s pB(b)' pA(b')' tB
0,(b) =& (Pa(b)- t, D =—1+§ p,(b))( ————
- m m j:q B

1-
)q
m

j=1 B
m

where the first term is firm A’s profits from segment b,tob,_ ,, and the second its profits

-1
from the overlapping segments. Since firm A will not deviate from its equilibrium

strategy, its price for overlapping segments is deduced as follows:
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j-1
ﬂC)A(b) _ pB(b)' pA(bj)' tBJm_ pA(bj)

=0 wherej=q,q+L...r b

Tpa(b;) ty ty
m m
_Pe(0) . j-1
pA(bj)_ BZ -ty om (5)

The proportion of customers purchasing from firm A in overlapping segments satisfies:

i-1
Ps(b)- pa(b,) -ty
0< n M_<1 (6)
B

m

Substituting (5) into (6) yields:

O< pB(b)_tBj-1<t_B (7)
2 2Zm m

Thus (7) must be satisfied for all overlapping segments.

j=a b o<P®) Tl g
2m m
j=q+1 b O<w_t8i<t_3
2 2m m

j=q+2 b 0< Dséb)_thz+1<t_B b _t_B<pB(b)_th-1<O ©
m m m m

Observe that (8) and (9) cannot be satisfied simultaneously, whereas (7) is valid for only

g and g+1. Thus, lemmaA.1 is proved.

Lemma A.2: Firms A and B have overlap in at least one segment over b customers.

Proof: Since we have aready shown there are a most two overlapping segments, it

suffices now to only prove that zero-overlapping-segment case is not feasible. Assume

the contrary, i.e., the zero-overlapping-segment case is feasible. Then, firm A sells to

customers in segments 1,2, ...q and firm B sells to the customers in segments
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g+1,g+2..m. Firm B’s price must betBﬂ, minimum price tolearance level in segment
m

g+1. If it were higher than tBﬂ, firm A will be able to undercut it, and thus, capture
m

some customers from firm B in this segment. As aresult, firms A and B would overlap in

segment g+1, contradicting our initial assumption.

If, on the other hand, firm B lowers its price below tBﬂ, it will be able undercut
m

firm A in segment g, and thereby capture customers from firm A in this segment. As a

result, firms A and B will be overlapping in segment . Thus, firm B’s price must be

exactly t; a . Inthis case, firm A’s profit from segment q is:
m

-1
Ds(b) - Pa(b,)- thm

t%
m

where the first term is the number of customers in segment g, the second is firm A’s

~ 1-
0,(b,) =?q pa(b,)

price, and the third is firm A’s market share in segment g. The zero-overlapping-segment

is feasible only if firm A’s market share in segment ¢ is 100%. In other words:

-1
Bs(b)- Pa(b,)- thm
t
o

Firm A will have to set is price to zero in segment g to make zero-overlapping-segment

=1P p,(b,)=0

feasible, resulting in zero profit from segment g. This is obviously unrealistic, as firm A

is a profit-maximizing agent. Thus, zero-overlapping-segment is infeasible.
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Lemma A.3: If m>2, there exists one one-overlapping-segment solution over

b customers. The overlapping segment can neither be the first nor the last of the m

segments.
Proof: For completeness, the proof requires showing the following: (1) First segment
can’'t be the only overlapping one; (2) Segment m can’t be the only overlapping one; and

(3) Exactly one of the segments 2,3, ...m-1 can be the overlapping segment.

|. First segment cannot be the only overlapping segment:

Assume the first segment is the only overlapping segment. The firms' profits are:

C)A(b):l-?qu(bl) pB(b)_ pA(bl)

t%
m

Oalb) =t 1- B0 PalBy . ()1 5 (o) 0

A
pB(bi'/pA(bl) isfirm A’s market share in the first ssgment and 1?(1 is the number of
B
m

customers in each segment. Thus, we can write:

ﬂéA(b) — 1- q pB(b)' pA(bl) _ 1- q pA(bl) b pA(bl) - pB(b)

- t
P (b,) m t%n m %n 2
104(b) _1-q,, pe(b)- pa(b) pe(b) a1g_ _ _
(o) m " " E2)+(m- =L =0p 2p;(0) - pu(b) =ty
m m

The optimum prices are thus p,(b,) :%B and pg(b) =%. In the second segment, the

minimum price tolerance is L and firm B’s priceis % . Obviously, Z—;B >t—B, and thus
m m
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firm A can undercut firm B’ s price and capture some customers in segment 2. Therefore,

the first segment cannot be the only overlapping segment. Contradiction.

II. The m-th segment cannot be the only overlapping segment:

Similarly, assume the m-th segment is the only overlapping segment. Firms’ profits are:

m-1
. e _ pB(b)' pA(bm)' tsi -
0,.(b) =@ pA(bj)lmq)+ : m IOA(bm)l?q
1. )R-t
Og(b) = o 1- t/ M) py(b)
m

m-1
pB(b)' pA(bm)' tBi 1- q
is firm A’s market share in segment m and —— is the

m
t% m
m

number of customers in each segment. Thus.

m-1
A pB(b)' pA(bm)' tBi - - -
pa (b, o ”m
m-1
~ i Pe(b)- pPa(by)-ts—— .
ﬂﬂOB((bb))=1mq 1- i )- 1mq ptB(b):Op 2py(b)- pa(by,) =tq
Ps %n %n

So the firms’ prices are: p,(b,) :;—Bm(-m+2) and p;(b) :;—Bm(m+1) . Observe that firm

A’s price is always negative for m>2. Thus, the solution is not feasible. Contradiction.

I11. There exists exactly one one-overlapping-segment



Let g be the only segment shared by the two firms. Observe that (7) holds for only j=q.

i=q b o<Pe®) Al b by my<tegiy where1<q<m (10)
2 2m m m m

Consequently, the following inequalities do not hold:

j=q+1 b o<P® A bplag oy mycle(gig
m m m

2 2m
j=qg-1 b o<P® 42 L plsg ocpmy<t(g 12
2 2m m m m

Inequality (10) istrueif one of the following holds:

.ot t
i 2(g- )< pg(b)<2q
m m
.. t
. pg(b)=—=q (13)
m

iii. q<p,(b)<2(q+D)
m m
If inequality (i) holds, then (12) is satisfied. Contradiction. Similarly, if inequality (iii)
holds, then (11) is true. Contradiction. Thus, one-overlapping-segment exists if and only

if the following equation is satisfied:
— tB
pe(b) =—q (13)
m

Firm A’s price for the overlapping segment can be found by substituting (13) into (5).

(b) .

_Pp j-1
Pa(b;) = 52

2m

t
tB D pA(bq) :i

Then, firm A’s profit function can be expressed as:

5! N B e 1

. _&t Jvigq, % m” 2m ® m,1-g_t 2

O,(b)=8 (Bq-t, )=+ e =e_(1-q)(g?- q+2) (14

A(0) %(mq b ) o ¢ t ) T o )@ - a+2) (14)
m
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where the first termis firm A’ s profit from segments 1 to g-1, and the second is its profit
from the overlapping segment. Firm B’ s profit can be expressed as:

tB tB

- . 1-q &

O, (b)=" (- am_— m)= 34+ 3
j=g+1

th'?q = (- q)(mq- ¢ +) (15)

tg
m m?

where the first term is firm B’s profit from the overlapping segment, and the second are

its profits from segments g+ 1 to m.

>0. However, firm B’s

Firm A’s profitability increases with q, as%fa(b)

profitability goes up only to a fixed g, at which time it starts to decline

s T0:(b) _
T

s (1 g)(m- 2g+ ) is concave down.

Since firm A has business intelligence technology, it can customize its prices to
each segment to undercut firm B’s prices. Higher q values represent the situation in
which firm A makes deeper inroads into firm B’s loyal customer base. To prevent firm A
from cannibalizing its customer base, firm B’s strategy may be tempted to lower its price.
For example, if it setsits price to zero, it will surely successfully protect its market share.
But, thiswill not be a viable strategy for a profit-driven firm. Therefore, firm B must set
a strictly positive price that maximizes its profit, but at the expense of loosing its least
loyal customers. At the same time, firm A can’t make inroads beyond the g-th segment,
unless it offers negative prices to attract those customers. Firm B is the leader in setting

the value of qg. It will do so in such a way as to maximize its profits, and yet, to avoid

being undercut by firm A. Thisq isgiven by:
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10,(b) _ Bl - 20+ 5 =op q=Mil 5 FOs(b)
o (- a)( q) 9=+ ®

Observe that q =g+% is not integer for any m. Thus, firm B’s profit is maximized if

ém 1 m m
either or +1 If miseven then g=— or g=—+1. If mis
N A TRCR o AEPI

odd, then qzmT'l or q=m7+1. One can easily show that firm B’s profits are

maximized for q:g when m is even, and for qzmTﬂif m is odd. The two firms

optimum prices and profits are given below:

When miseven When misodd
-m q:m+1
977 2
p(b)——B i wherej =1,2,..., m-1 Pa(b;) = +t—-t J wherej =1,2,...,——
A 2 ®m 2 2 2m °m
tg t
b_)=—8 b_,)=—2
Pa( 2) o Pa( mT+l) o
pa(b)=0 wherej =241 ™42 . m  p,(b,)=0 wherej =13 M*>
2 72 2 2

~ t t
O.(b)= B __B

A(b) (8 2
ps(b) =12 |o()—B+t

. 2 . 2 2m
~ t t ~
O.(b)=(E+-2)1- O, (b) = (& +-t2 (-

s(D) (4 4m)( q) s(D) (4 4m)( )
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Lemma A.4: If m=2, the one-overlapping-segment is not feasible.
Proof: The proof consists of two steps: (i) first segment cannot be the only one

overlapping; and (ii) second segment cannot be the only one overlapping.

|. Thefirst ssgment cannot be singly overlapping, when m=2.
Assume that the first segment is the only one overlapping, and the second is entirely

captured by firm B. Then, firm A’s overall profits are:

6,(0) =2 p,(b) pB(b)t'/pA(bl)

Thefirst term is the total number of customersin the first segment, the second isfirm A’s
price for the first segment, and the third is its market share. Thus, as the second derivative

is negative, firm A’s maximum profits are obtained as follows:

10,(b) _ pg(b)- 2p,(b,) 1- q Ps(b)
v . — p=0P p,(b)=—2
b ty 2
ﬂpA( l) 4

Firm B’s profits are:

O, (b)=@- Pel) pA(bl))l L pu(b) + 51 py(b)

"

The first term are firm B’s profits from the first segment, the second are its profits from

is the number of customers in each segment, and

the second segment, 1Tq

L Ps(0)- p,(b)

%

is firm B’s market share in the first segment. Since the second
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segment is completely captured by firm B, its market share in this segment is obviously

100%. As the second derivative is negative, firm B’s maximum profits are given by:

f05(0) _ ;. Pe(0)- Pa(B)y1-0 Ps(0)1-9 ,1-G g 50 ) (h) =1,

Tps (b t 2 t 2 2
Ps(b) % %
Thus, the two firms' prices are: pg(b) :% and p,(b,) =%B. Firm A’s market share

from the second segment must be zero since the first segment is the only one overlapping.

Since firm B’s price for the second segment is % and its minimum loyalty level in the

.t . . . . .
second segment is EB , this segment is vulnerable to firm A’s market penetration as firm

B’s price is higher than minimum loyalty level. Therefore, the second segment is also

overlapping. Contradiction.
I. The second segment cannot be singly overlapping, when m=2.
We omit the proof, as the argument is symmetrical to above.

Lemma A.5: The two-overlapping-segment is an equilibrium point, for any m.

Proof: Let the two overlapping segmentsbe g and g + 1. Firm A’s profits are then:

j-1
: : % b)- pa(by) -t~
N (b)= & o dyl-gq ¥ P A % my1-9
OA(b)—cjf::ll(pB(b) e — +?q Pa(b;)( & e~
m

where the first term is firm A’s profits from segments b, to b_,, and the second is its

-1

profits from the overlapping segments. Let O,(b) be firm B’s profit function from

b customers. It is given by:
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j-1
" g1 pB(b)' pA(b')' tsi 1- Iy 1-
Os(b)=Q Py(b)(L- ——— )= 34 § pab) =1 (16)
= 's M j=ge m
m

where the first term is firm B’ s profits from the overlapping segments, and the second is
firm B’s profit from segments b,,,and b,,. Subgtituting (5) into (16) yields:

. ps(b) , -1
O4(b) = & py(b)(1- —2 2m) 29 1 (m- q- Ypy(b) 1

j=da

—+

B
m

Firm B’s profits are maximized when its price is as follows:

pB(b) -t q- 1 pB(b) pB(b) -t i pB(b)

'ﬂ@B(b):(l_ 2 "om_ _2 9 2 a2 y1-d
ﬂpB(b) tj t tﬁa tﬁg m
m m m m

+(m-q-1)pB(b)1'7q=o P py(b)= - = (17)

tB
4m

Substituting (17) into (7) yields:

Of pB(b)-tBJ_1£t—B wherej = g, q+1
2 2Zm  m
ogt_B+t_B_tBL1£_B b
4 8m 2Zm m

m 3...m 5 .
—-—f£jE—+—= wheej =q,q+1
2 4 j 2 4 j 44

. m 3 m 5
=gb —- —£qg£—+— (18
j=q > g FAES Y 18)

. m 7 m 1
=g+l b — —£g£—+— (19
j=q > AR 19)

From (18) and (19), one can deduce that

m_ §£q£m+1
2 4 2 4

90



éemq t ts
Thus, q= +—,. FirmB’spriceis: b=+
q ol p Ps (D) >t am
if miseven, then if misodd, then
5t Tt
pA(bq)ZB_r; pA(bq)ZB_r:;
t 3t
pA (bq+1) :8_Bm pA (bq+1) :8_;
g=" g="-1
2 2
~ t t t ~ t t 5t
OL(b) =(—B- —B +4r;2)(1- a) O.(b) =(—B- —B +3282)(1- q)
t t
O.(b 2+ B O.(b 2+ B
()(4 am 162)( q) ()(4 am 162)( q)

Theorem: The two-overlapping-segment is the dominant strategy

Proof: The results of Lemma A.1,A.2,A.3, and A.4 are summarized in the following

table.
One-overlapping-segment Two—overl apping-segment
FirmA’s t t t t t 5
(-2 +—=3)(1-q) (£- 2= )1-q)
ff 2 2
miseven FPaYOB 8 4m 4m 8 8t 32tm
irmB’s
2 1- +—2 +—B_)(1-
payoff (4 4m - 9) (4 am " 1on? (Y
. t t 5
FirmA's tg 2- =2+ 1-
_ oot | o (8 am 327 4
mis odd
FirmB’s tg |, 15 ts ts
-+ = )(1- B+ B +— 1-

Obviously, firm B is better off with two overlapping segments regardless of firm A’s
pricing policy. Firm A’s strategy is more nuanced. Firm A is more profitable with one

overlapping segment if $m$ is odd and its dominant strategy is two-overlapping-segment
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if 3m$ is even. Firm A can customize its prices to each segment as it possesses
segmentation technology. However, as both firms are competing for firm B’s loyal
customers, firm A will have to undercut firm B’s price substantially to gain a larger
market share. Firm B can lower its prices to prevent firm A from cannibalizing its loyal
customer base. In fact, it can completely prevent firm A’s incursions into its loyal
customer base if it sets its price to zero. Because firm B is a profit-driven firm, it will
have to set a grictly positive price that maximizes its profit. For that, it must be willing to
loose market share of its least loyal customers. Obviously, firm A’s segmentation
technology pays off, as it provides flexibility to undercut firm B in some segments and,
thereby, capture greater market share. However, firm A can’'t compete against firm B
over highly loyal b customers. Firm B has enough price flexibility to lower its price to a
level that can’t be matched by firm A. It is also the lead price setter over b customers,
and thus, it determines the market share to relinquish to firm A. Since the two-
overlapping-segment strategy is its dominant for firm B, it can therefore force firm A to

accept it. Therefore, the firms profit from b customers are given by:

~ t t 5t
O.(by=(2- B +—=8B )(1-
a(b) (8 8m 32m2)( a)
~ t t t
Ogz(b)=(2+-2 +——2)(1-
2(P) (4 4m 16m2)( )
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APPENDIX B - Proof of Proposition 3

For segment a, , firms profit functions can be expressed as:

i
pA(ai)' pB(ai)' (tA' HtA)

0@ = paay) (1- )

i
pA(ai)' pB(ai)' (tA' HtA)g

os(ai) =ps(a;)

—~
—
>
~
>

The unigue Nash equilibrium is obtained if following conditions are satisfied (1) the first
derivative of profit functions at equilibrium pricesis zero; (2) the profit function’s second

derivative is always negative.

i
ﬂ(")A(ai):(l_ pA(ai)' pB(ai)' (tA' ntA))g_ pA(ai)ﬂzo (20)
pa(ai) (LA) n LA n
n n
10,@) _ ,P.@&)
@) b 00 &

n

1T(~)B(ai) _ p.@;)- ps(@;) - (t,- EIA)

ps (@) (LA) n LN
n n
10s@) _ ., p:(a)
a) oot 00 3
n

Inequalities (21) and (23) show that the second derivatives of the profit functions are
always negative and thus the profit functions are concave down. The solutions to (20) and

(22) yield Nash equilibrium prices. Solving (20) and (22) simultaneously results in:
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t, .t 2t
pA@;) 2 3 (24)
p@)=-2+itayla (25
B 3 3n 3n

Observe that the pg(a;) are not positive for segments a,, a,,...,.a,,,. Thus, if

firm B offers these prices, it will incur loss. But, firms must offer prices nonnegative

prices to make a profit. Therefore, firm B has only one option for segments

a,, a,,..,a,,. It has to set its price to zero. Setting pg(a;) =0, solving (20) yields:

p.(a;) b it—A+ Ln wherei =1,2,..,n- 1. However, firm A cannot set its price to
2 2n  2n
p.(a) U it—A+ Ly its market share given by
ATV 2 on 2n’ ’
[
pA(ai)' pB(ai)' (tA' 7tA)
1- n N will become greater than 1, which is not feasible. Firm
(%)
n

A has one option, its price has to be minimum loyalty level in the segment, i.e. t, - —t,
n

to be most profitable. The game is in equilibrium for segments
ay, 8,,...a,,whenp,(a;) = t,- I_ntA and py(a;) = 0.

For segment a,, prices offered by firms in equation (24) and (25) become

positive. Solving equation (24) and (25) simultaneously when i=n results in Nash
equilibrium prices.

t

2t
pA(an) :aA and pB(an) = EA

Similarly, one can deduce equilibrium prices for segment b, :
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t 2t .
pA(bj): %B ande(bj):%B fOI’j =
pa(b,) = OanolpB(bj):‘;mltB forj=2,3..m

Firm A’ profit function is given below:

a,)- a 1- b,) - b
a pA(a )q +pA(a )(1 pA( n) pB( n))g+ q pA(bl)( pB( 1) pA( 1))
) ty n m Iy
n m
where the first term is firm A’s profits from segmentsa,, a,,...,a,,, the second
represents the profits from the a  -th segment, and the last is firm A’s profits fromb, .

Firm B’s profit function is given by:

~ a a - b b g 1-

OB H (a )( pA( )t pB( ))+ pB(b )(1 pB( 1)t pA( 1))+ a q pB(b )
tA B
n m

where the first is firm B’s profits from segmenta ,, the second is firm B’s profit from

j=2

segment b, , and the last is the profits from segmentsb,, b,,...,b,,. In summary:

~ t t 4t t

O, =(2-2+A)g+—L(1-
A (2 2n 9n2)q 9m2( a)

t_B t 4tB

tA B
A g+ - 5 4 1-
9n? a+( 2 2m 9m2)( a)

~

B

95



APPENDIX C — Impact of Technology Cost

Assume that firm A is dominant(i.e. d, >d;). Its marginal profit due to segmentation
can be expressed as follows:

~ 1 1 o 1 o 1 1
DO,==tg+=t,(1-q)- c=tg+=t;(1- q)==—t,g +—t,(1-
A 2 Aq 8 B( q) 89 Aq 9 B( Q)g 18 Aq 72 B( q)

Firm A’s marginal gain from its investment in technology must surpass the cost of

acquiring the segmentation technology. Thus:

) 1 1
DOST P  —tg+—t,A-q)3T
A TR s(1- Q)
1p,+lpsT b Dp 4 Ds 5 T
18 4 72 18D, +D,) 72(D,+D,) D,+D,
1.1 * *
S0ut22d 2 T b oad,dg® 72
d, =1-d, b 3d,+13 72T" (26)

Let D@B be firm B’s marginal profit from segmenting. It can be expressed as follows:

~ 1 1 al 4 o 1 1
DO, ==t g+=t;(1-q)+- c=t,g +=t;(1- q)Z==t,q +—tz(1-
B 8 Aq 2 B( q) 89 Aq 9 B( Q)g 72 Aq 18 B( q)

Technology acquisition will occur only marginal gains due to technology exceed the
investment cost. Thus, we must have:

. 1 1
DO.3T b —tg+=t.(1-9)3T
5 - ol 18 5(1- Q)

d,+4d, 3 72T b 3dg +13 72T (27)

Firm B will segment the market only if inequality (27) is satisfied. On the other hand, if
inequality (26) is satisfied, then firm A will be the only firm acquiring segmentation

technology. In this case, firm B looses almost half of its loyal customers, as firm A isthe
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only one segmenting. This great loss leads firm B to reconsider its segmentation decision.

Firm B’s marginal profits by segmenting, D@B , Isexpressed as follows:

~ 1 1 1
DOB ZEtB(l' q)' ZtB(l- q) :ZtB(l- q)

Firm B will segment the market if and only if its marginal profits from segmentation

exceed the investment codt.

DO,3T b %tB(l- q)3T

EDB?’T i De 3 T
4 4D,+Dy D,+Dg
dg 3 4T

In summary, firm B segments the market if one of the following conditions is satisfied.

i) 3d, +13 72T
ii) 3d, +13 72T and 3d, +1<72T and d, 3 4T (28)

We know that 1<3d, +1<3d,+1<4 as0<d, <05<d,<1. Therefore, if 72T  £1,

both firms segment the market, and if 72T" >4, none of the firms segments the market.

Inequalities (27) and (28) can be rewritten as follows:
3d, +1=3(1-d,)+1=4-3d,3 72T  (29)
d,=1-d,3 4T (30)

The figure below illustrates the firms' segmentation strategy when 1< 72T £ 4
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d,=1- 4T
[l
\
\\
da I I I IV
I \\
\
\
4-3d,=72T \ 3d,+1=72T
\
0.5
1/72 T 472

Region 1: Inequalities (28) and (29) are satisfied, both firms segment the market.

Region 2: Inequality (28) is satisfied, but neither (29) nor (30) are. Therefore,
only the dominant firm segments the market.

Region 3: Inequalities (28) and (30) are satisfied, but (29) is not satisfied. Asa
result, both firms segment the market.

Region 4: Neither (28) nor (29) is satisfied, so no firm segments the market.
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APPENDI X D — Proof of Lemmal in section 4

p/ : Firmi's price for customersin segment j whereil (A,B) andjl (a,b)

The outline of the proof is as follows:

1. We show that there exist alocal optimal solution set (p2, p2, ps, pp) that

maximizes both firms’ profit.

2. We show that the solution found in step 1 is global optimal if the following

conditionsaremet. c,- ¢, £2t, andc, - ¢; £1;

Proof: Firms' profits can be expressed as:

. t - a+ a b _ b
PA:q(pA'CA)A F;A pB+(1'q)(p2'CA)pB P

B tB

. a t - b+ b
Py =0(P} - ) PA 2+ (1- q)(ph - &) BTe

A tB
Aslong as the following inequalities are held:

pi-CA?’O
pK-CA?’O
PE-C30
Pa-C30
Of£ p)- p; £t,
O£ pg - pr £ty

2 2 2 2

S 1 IZZA <0, l szA l F;ZB and .H—FEZB<O , maximum profit can be found by setting
A fIPa fIps fIps

first derivative of profitsto zero.

A <0,
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Pa_ ta- pi+p§_q Pa-C_g

2 - d
ﬂpa tA tA
TP _ Ps - Pa Pa-Ca _
=(1-q) A (1-q)A A =0
o? @-a) 0 @-q) 0
Pe_qP pB_qpé-CB:O
g ta ta
_ b
P e BtPe g )P

Moo tg ty

C t, 2c, C
g = ZAL AL B gndpP =B+ A+ B
PA=37373 PA=373 73
t & 2C dpb :ﬁ-}-&.{-ﬁ
3 3 3 3 3

Firms overall profit can be expressed as:

(ﬁ_&.{.i) (L B)
p,=q—3—3 3 1(q.q-3 3
tA tB

(el By (Tea Sy
Pe=q=3—3—3_+01-q)—3 3
A tB

The following inequalities must be held for the solution to be feasible

Ph-C 2 0P %+2—;’*+%B- C 0P c,-Cc £2t,

2
pS-c,3 0P %B+%+%B- c,2 0P c,-c, £t

Pg-Cg 32 0P t—A+C—§+2?CB- c;3 0P c,-Cy3-t,

3
pg-cB3ODﬁ+C—§+2—;B-CB3ODCA-CB3-2tB
a  .a 2t, 2c t, Cc, 2
O£ b}~ P} £t,b 0£ T4+ 3*\+%-(§A 245 ey £t b -t £, - G E2,
2t, c, 2c t;  2c,
OEpl- pP£t,p OE=B+A+ZB_ (B4 A, —£t P -2t,£c,- ¢, £t
Ps - PaEty 3 7373 Gt ) Cs £1g

The above solution isfeasibleaslongas c, - ¢ £2t, andc, - ¢, £1,.
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APPENDI X E — Proof of Lemma 2 in section 4

The solution found in appendix D does not apply to this case as the following inequality
is not satisfied: p& - ¢, 3 0.

Asfirm A can't charge a price less than its cost, the best firm A can do isto set its price
toitscost c, for a customers. Then, firm B’s profit for a customers can be expressed
as.

P35 =q(ps - cB)—pAt' Pe

A

wherepi = ¢,

2pa
As l F;ZB <0 , the price maximizing firm B’s profit from a customers can be found by
B
Setting & =
TPs
'HP:B —q Pa- P _q P~ % _op o =Cat G
fIps L9 ta

NotethatO £ p; - p} £t, needsto be held so that equilibrium is maintained. However,

+ -C,+ : . Cyt+C
Ca > % Ca :% <0. Therefore, firm B can't set its price to %

Pa- P =
The best firm B can do isto set itspriceto c, - t,for a customers.

Asinequalities for b customers are satisfied, there is no change in firm A and B’s price

for b customers. Firm A and B’ s prices can be shown as:

a t;  2c,  C
pA—cAandp,*i-EB+?A+?B

a 2t, c, 2
P, =c,-t,andp; ———35 +—§ +—;“3
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APPENDI X F — Proof of Lemma 3 in section 4

The solution found in appendix D does not apply to this case as the following inequality

is not satisfied: p, - ¢, 3 0.

Asfirm A can't charge a price less than its cost, the best firm A can do isto set its price

toitscost c, for b customers. Then, firm B’s profit for b customers can be expressed

as:

b b
P3 = (- a)(P} - ) =22 wherep} =c,

B

2pb
"Pg
b2
B

As <0 , the price maximizing firm B’s profit from b customers can be found by

Py _
8=0.
B

Setting

ﬂPg tB' pg+CA pg'% b tB+CA+CB
=(1- - =0pb =5 A B

NotethatO £ pg - p, £1t, needsto be held so that equilibrium is maintained. However,

+c, + -C, + . . :
pg - pg :tBCTAC?- Ca :tBCTACB<O. Therefore, firm B can't set its price

t +c, + . . . .
toLscb. The best firm B can do isto set itspriceto c, - t;for b customers.

Asinequalities for a customers are satisfied, there is no change in firm A and B’s price

for a customers. Firm A and B’ s prices can be shown as:
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APPENDIX G — Proof of Lemma 3 in section 4
The solution found in appendix D does not apply to this case as the following inequalities
are not satisfied: p3 - ¢, 3 0 and p, - c, 2 0.
Findingsfor a customersin appendix B and b customersin appendix C apply here.
Therefore, firms' prices can be expressed as.

pi =c, andp: =c,
pg:CA_tAandpg :CA'tB
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APPENDIX H — Proof of proposition 6

Each firm offers three prices, one for a customers, one for b customers and one
for g customers. We will show the equilibrium conditions for perceived a customers.
Similar analysis can be done for perceived b customers. Due to symmetrical nature of the
problem, we skipped the proof for b customers. As g customers cannot not be

addressed by firms, the results obtained in chapter 3 also apply to privacy-conscious

customers.

The outline of the proof is as follows:
1. We show that there exist alocal optimal solution set (p, p5) that maximizes

both firms’ profit.

2. We show that the solution found above is in fact global optimal for both firms.

Firms' profit is a function of market share which is dependent on the price

difference. Therefore, profit functions for a customers can be stated as.

10 ifpi® pg +t,

I ot -

agq pi(1- -2—2) if p3 £ Py < Pg *1,
’“a_l, tA
Oa_l a a

e, +(2- %)w)pz ifp; -t £ 05 <15

. B

I H a a

Tl ap; ifpa < ps - tg
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]_qué if pi 3 pg +ta
Pa - P§ +(

n 1-q ))pi  ifp} £ pi <pd+t,
A

;i;lq(qa
éi:l’ a a

Mge- q)a- P2 Payp it £ p<pi

: A CPs Pi - to £ P} < PR

-.-

i0 ifpa <pg -t
Firms have two piecewise continuous profit functions. The following graph

shows firm’s profit function.

Firm B's profit

2517

20 1
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X axisisfirm'spriceand Y axisis firm’s profit. We will show that concave down

two-piecewise continuous functions have important implications later.

Lemmal:1: There exist alocal optimal solution set (pf%, pg ) that maximizes both firms
profit.

Consider the case pf 3 p; . Dueto symmetrical nature of the problem, we skipped the

case p, < p;.
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Firm A can't penetrateinto firm B’s loyal customer baseas p} 3 p; . However,

firm B is able to capture some of itsrival’ s customers by undercutting its price.

Therefore, firms’ profit functions can be expressed as.

63 =1qq, pi(- @)
A

0% =1q(q, th+(1 % )P

A

~

2 a
ﬂpA ﬂpA
of profitsto zero.

As <0 , maximum profit can be found by setting first derivative

19 -1 aq - BB By=o b i, =20y - gy (1

ﬂ/.\ tA tA

Oa ¢ - pd 2 1- a a
ﬂ_f:|q(oaM+(1-oa))-lqoa&=OD-—q"tA:pA'ZDB (2
ﬂB tA tA 4

From (1) and (2), one can show that

=%y andp =2 Gy,

39, 39,
The above solution is feasible if the following conditions are held:
i.p33 pd Dzaa_ltA3OD %3%
20, -1

i.pi- pg £t, P t, £t, b awayssatisfied.
i g 1+q,
ii.pa3 0P t, 3 0P always satisfied.
30,
L oag 2-q,
iv.p; 2 0P 3 t, 3 0pb always satisfied.

Firms actually have two piecewise continuous profit functions mentioned before.

The solution given above is for one of the continuous functions. Maximum profit from
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the other piecewise-continuous function may be even higher than the solution found
above. It must be less profitable for firmsto deviate from their pricing strategy so that the
game isin equilibrium. Specifically, firm A should not decrease its price and firm B

should not raise its price. We analyze each possibility below:

Lemmal.2: Firm B cannot deviate from its pricing strategy if the following

condition is held:

. 3 1+ 3 ’1- 1+
mln(EtB - Z—OjatA,E ana tAtB - qua tB) £0

Proof: Let p_g and C)_aB denote firm B’s price and profit when p_g > p&, . Firm B cannot

penetrate into firm A’s loyal customer base when it offers a higher price. Therefore, firm

B’s new profit function can be stated as:

B2 =1q@- q)d- @)p_g
B

170%
—2

ps

As

<0 , O isaconcave function.

02 corresponds to the second concave down function given below.
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Firm B's profit
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There are two ways to prove that the maximum profit from the second concave

down function is always less than maximum profit from the first function.

i. If O is non-increasing, then its maximum will be at point p_g =ps.
Local optimal solution in lemmal.1 is always more profitable than the

solution at p_g =ph-

ii. If O is not non-increasing, then its maximum will be at point

where ﬂO_B =0 asitisaconcave down function. We'll find out the
p;

maximum profit and compare it with the local optimal solution found in
lemmal.l. We'll determine the conditions which guarantee that local

optimal solution always yield higher profits.

If ﬂO_Ba £ 0 when p_g = p2, then O isanon-increasing function. Therefore,
fTps
O3 hasits maximum value at point pS = p3.
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e -1qq-q)a- BPe Poyeop

Pg B B

—_ a 5 — _1+
AspB:pAD(l-f—:)EOD P = :gq(:é‘tﬂB

ii. Oa is maximum when ‘HO =0, Therefore,
‘HIOB
10 _ B By _an r tet Pt 1+q,
B —|ql-q)1- "2 y=0p p?= =B+ t
=10 Q) S () =0P pp =R =t
B

Firm B’s profit function can be expressed as.

tg  1+q,, \2

—+—=1

G eq W
tB

03=1d@l-q,)

Firm B cannot deviate from its pricing strategy aslong as O 3 &, . Therefore,

following inequality must be held.

t; 1+
) (3qu )’ 3+ g W
0, =1qq —=——>1q(- 4)——=—=0}
A B

Rearranging the terms yields:

f(pm = qa(ps)ue (0 =2 (%)

u

The first term is always positive as p_g 3 p2 3 0. The second term can also be expressed
as:
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2- 1- t, 1+
‘/i(%m- qa(—B+ "atA)sob
/1qa /10,311+qa / Zoatp
3 /1-qa 1+q,
3 — t,t, - t
2 Oa A"B an A

If either i or ii is held, then firm B doesn’'t deviate from its pricing strategy. Then the

following condition needs to be held in equilibrium:

. .3 1+ 3 ,1- 1+
0s mln(EtB - Z—q(:atA,E qaoa tAtB - 2q(:a tA)

Lemmal.3: Firm A cannot deviate fromits pricing strategy if

4

0s mln(z-qat - 3qa t 2-0at E

2q, A 2(1- q,) B! 2q, * tals)

3
2

Proof: Let pj and @denotefirm A’sprice and profit when py £ p; . FirmA
can penetrate into firm B’ s loyal customer base as it offers alower price. Therefore, firm

A’s profit function can be stated as:

- B, .
—)Pa

03=1q(q +(1-q,)

B

105

A

As —=-£0 , O isaconcave function.

O3 corresponds to the first concave down function given below.
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Firm A's profit
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There are two ways to prove that the maximum profit from the first concave down

function is always less than maximum profit from the second function.
i. If @is non-decreasing, then its maximum will be at point pj, = pg .
Local optimal solution in lemma 1 is always more profitable than the
solutionat pj, = ps -
ii. If QA IS not non-increasing, then its maximum will be at point

A a
where —2 =0 asit isaconcave down function. We'll find out the

A

maximum profit and compare it with the local optimal solution found in
lemmal.l. We'll determine the conditions which guarantee that local

optimal solution always yield higher profits.
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~

i. If —=3 Owhen p3 = p, then O3 isanon-decreasing function. Therefore, O3 has
Pa T

its maximum value at point pj = p -

% _iq(q +(1-
e q(a, +(1- q,

A
03 2% t,- 34, tg
2q, 21-a,)

)pB pA ( )pg_ﬁso

1- qa)%) 30P q +(1-q

B B B

A a

ii. If the inequality stated above doesn’'t hold, ©% is maximum when 19, =0,

)|
Therefore,
105 Ps - P Pa - C, P - 2P,
2 =1q(q, +(1- q,) A-(1-0,3)—A )b qa+(1-qa)$=0t>
ﬂ A B B B
o=y

t
- 6q, " 21-q)°

Firm A’ s profit function can be expressed as:

2-q, 4, 2
t t
( 6qa A+2(1_ qa) B)
tB

03=1q,(1-q)

Firm A cannot deviate from its pricing strategy as long as O, 3 O%, . Therefore,

following inequality must be held.

1+q, . 2 2- q, Q. 2
( t) ( t,+ ts)
3qi—3|q(1_ qa) 603 2(1'0a) :éi

A tB

0% =lqq,

Rearranging the terms yields:

(pA) L Oa)(pA) 3 0b

f(p,\)a/ (pA)ue o0 =% (p)g
B u
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The first term is always positive as pj, 3 0 and pj 2 0. The second term can also be
expressed as.

Ji(pi)- qﬁ(p_i)wb
1 Ga \/71+q3t £0P
\/ 2(1 AR

an

A

E_
ZlquB

If either i or ii is held, then firm A doesn’t lower its price. Then the following condition

needs to be held in equilibrium:

. 2- 2-
03 min( qatA- Z(f-qaqa)tB’ anq" t,

Lemmal.4: The only condition that needsto be met so that the equilibriumis
maintained is the following:

Proof: The following three conditions are met in equilibrium:

' i 3 |1 1+ 3, 1+

02 min(L, = Tq'ﬂ‘t,\tB : Z—O:atA, L=t —Zq‘:a t,)

i _2 N 3q, _2-q 3| q

ii. 03 min( t, - L= mt, -2 R i)

1- 2q,

t, = |_5£0£1+Ga t,
4,
The proof hast 2 steps. We prove that
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1 |If % 3 1—qa thenL, £L, andL, £L,. Therefore, the following isthe
A B
necessary condition'

Oa
L £O£
max(Ly Ly L) E0E =

Then, we prove that max(L,, L;,L;) =L,

2. |If % 3 1-t % , thenL, >L, and L, >L,. Therefore, the following isthe
A

B

necessary condition: max(L,, L,, L )£O£ Oﬂ

Then, we prove that max(L,,L,,L;) =L,

Step 1 If X3 1't—q3, then, £L, and L, £ L,.

A B
Wefirst show L £L,. Then, weshow L, £ L,. Finally, we prove that
max(L;, Ly, Lg) = L,

3, 1l+q 3 1-q, 1+q,
- -, - —/ tts - t,). Then,
L2 Ll 2t an 2 qa A"B 2q::1 A) en
3 /1-
Lz'l-lzg(ts' TqitAtB)30p I—z3 L
_2-q 3] 4a 2- 0, 3q,
L= -—/—tt- t, - t,). Then,
I‘4 L?; an tA 2 1_ Oa A"B ( 20a A 2(1_ qa) B) en
L= % tt)0p L2
4 2 (1 qa) 1_qa A™B 4

So far, we proved that If %3 1_tqa , thenL £, and L, £ L,. The next step isto prove

A B

that max(L,, L, L) =L,

Wefirst provethat L, £ L. Then, we will show that L, £L, .
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2- 1- 2 3 .t t
L?.'Lsz OatA' 306 - qatA:_Oa(_A' 2

20, 21-q,)° q 27q, (1-q)

1-2qa 3 [1-q, 1+qa 31 qa /1-qa
—1,0 =— tt,)EOP L £
qa 2 qa 20a A qa A qa AB) O 5 Ll

Therefore, max(L,,L,, L) =L, if %3 1- q,

A tB

YEO

Step 2: If(t]'J1 tqa thenl, >L, andL, > L,.

A B

Wefirst show L, >L,. Then, weshow L, >L,.

3, [

L~ L=2- /TaatAtB)<OD L <L, .

L L= - [FEtt) <0P L <Ly
2°(1- qa) 1-q

So far, we proved that If % 3 1'—qa, thenlL, >L, and L, > L,. The next step isto prove

A tB

that max(L,,L,,L;) =L,

We first provethat L, < L. Then, wewill show that L, <L,.

3, 1+ 1- 2 3 t t
- L =5t ot (Ctt) =50 @) 2 <0P Lo<s

1
L-L=t%%, 226, 364 - 3 3% \y cop <L
a, 2q, 2\1- q 2 2\1- q

Therefore, max(L,, L,,L;) =L, if %<1' %

A tB
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