Inf Technol Manag (2018) 19:1-19
https://doi.org/10.1007/s10799-016-0271-7

CrossMark

@

Optimal pricing for new product entry under free strategy

Guofang Nan' - Xingtao Li' - Zan Zhang' - Mingiang Li'

Published online: 17 November 2016
© Springer Science+Business Media New York 2016

Abstract A growing number of firms in software industry
are embracing free entry strategy to promote product
adoption. The prevalence of free strategy can be partly
attributed to the positive network externalities exhibited by
the information goods. In this paper, we model a new
firm’s entry into an existing market with the free strategy.
Consumers can use the new product’s basic functionality
for free and pay a subscription fee for accessing the add-
ons. The entrant firm’s new product infringes on the market
in one of the three ways: homogeneous product competi-
tion, high-end encroachment and low-end encroachment.
We find that the equilibrium market structure varies across
the three settings. In particular, there exists a Bertrand
equilibrium when the new firm provides a homogeneous
product. When the new firm offers a heterogeneous pro-
duct, our results show that the network externalities
intensify the price competition and thus lead to a reduction
in the profits. Moreover, whether the new firm should
encroach on the existing market with high-end product or
low-end product depends on the level of switching cost. If
the switching cost is low, the new firm will benefit more
from high-end encroachment and vice versa. We also find
that it is not always optimal for the new firm to adopt the
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free entry strategy. In the high-end encroachment, the new
firm will be better off providing a product for free if the
network intensity is high enough, whereas in the low-end
encroachment, the free strategy is dominant only when the
network intensity falls within a given threshold.

Keywords New product entry - Free strategy - Network
externalities - Pricing - Switching cost

1 Introduction

New product entry is quite common in many industries,
especially in information industry due to the rapid product
innovations. The incumbent firm enjoys temporary mono-
poly power until a new firm enters the market with a com-
peting product. The new entrant firms adopt different
strategies when introducing their products into the market.
In recent years, free strategy has become one of the most
prevalent business models among mobile app developers
and Internet start-ups. The free strategy enables consumers
to use the basic functionality without any payment, but if
they want to access the add-ons for richer features and
functionality, an additional payment is required. For exam-
ple, the antivirus software AVG AntiVirus Free provides
essential antivirus protection free of charge. For more
advanced functionalities such as online shield and data safe,
customers have to pay a premium for the AVG AntiVirus
Pro. In addition, mail software such as MailChimp and
Mailjet, and online games like League, provide users free
access to the basic product. It is also a common practice for
mobile app providers to offer free applications with in-app
purchases. Examples of free apps include mobile games like
Supercell’s Clash of Clans and King’s Candy Crush Saga.
Market research firm Gartner predicted that 94.5% of global
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mobile app downloads in 2017 are estimated to be free, and
the free applications with in-app purchases will account for
48% of the total revenue [17].

A critical reason for the firms to provide free offerings is
that most of information goods exhibit positive network
externalities, which refers to an increase in the utility that a
user derives from a product when more and more consumers
use the same product [21]. In the presence of positive net-
work externalities, the fact of more users implies higher
consumer valuation for the product, which in turn brings
more and more consumers and thus expands its market share.
Therefore, the free strategy promotes product diffusion and
increases consumer installed base, which contributes to
boosting the sales of value-added products. As a motivating
example, consider the competition between the popular video
game app Minecraft and the Minecraft-like CraftWorld.
Minecraft is a very popular pay-to play sandbox game which
was first released to the public on 17 May 2009. An iOS
version of Minecraft was released on 17 November 2011 at
the price of $6.99. After the release of Minecraft, some video
games were released with various similarities with Minecraft
since the game is so popular. CraftWorld, which was released
on Windows Phone Store on December 13, 2011, cites
Minecraft as one of direct inspirations for the design aspect
of the game. CraftWorld uses free strategy and also provides
additional features and functionality by charging a fee.

In our paper, we study the entry of a new firm that offers
a product including two parts: a base product and the
associated add-ons. The new firm provides the base product
for free and charges a price for its add-ons. When intro-
ducing a new product into the market, the entrant firm not
only attracts new customers from the untapped market but
may also capture customers who switch from the incum-
bent firm. Typically, the switching cost is incurred if a
consumer abandons the initial used product and moves to
the other firm’s product [23, 24]. The underlying sources of
switching cost may include converting data to new format,
replacement of equipment, and learning a new system. It
has long been recognized that switching cost is a barrier for
the adoption of a new product and it hinders the new firms’
entry to the market. While the free strategy is effective to
generate a large user base for the new firm, a higher
switching cost reduces consumers’ incentive to switch to
the new firm. Therefore, in this paper we focus on the
impact of network externalities and switching cost on the
firms’ pricing strategies. In particular, we address the fol-
lowing research questions: How does the new firm’s free
strategy affect the market structure when the products
offered by the firms are heterogeneous? Should the new
firm infringe on the market with high-end product or low-
end product? Whether is it always optimal for the new
entrant firm to offer a free product? If not, under what
conditions should the new firm adopt the free strategy?
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What are the equilibrium prices if the new firm offers a free
base product? How do the network externalities and
switching cost affect the new firm’s strategy choice, the
firms’ profits and consumer welfare?

To answer the above questions, we establish a framework
in an incumbent-entrant setting where the new firm offers a
free base product and the incumbent firm offers one single
product. To investigate the impact of high-end encroachment
and low-end encroachment on the new firm’s profit, we
model consumers as heterogenous in terms of their valuation
on product quality. Our analysis generates several interesting
findings. First, we find that it is not always optimal for the
new entrant to use free strategy to compete with the existing
firm. In the high-end encroachment, the firm will be better
off providing a free product if the network intensity exceeds
a given threshold. This result gives a possible explanation
why so many instant messaging applications, which exhibit
strong network externalities are introduced into the market
for free and only the value-added goods or services are
charged for. On the other hand, in the low-end encroach-
ment, the free strategy is optimal for the new firm only when
the network intensity falls within a given threshold. Second,
in the case of high-end encroachment, the new entrant firm
gains high valuation customers from the existing firm, while
in the case of low-end encroachment, the new firm only
captures low-valuation consumers from the untapped mar-
ket. If the new entrant firm could choose between high-end
encroachment and low-end encroachment, the level of
switching cost is a key factor to consider for the firm. If the
switching cost is relatively low, the new firm will benefit
more from high-end encroachment, whereas if the market is
characterized by a high switching cost, low-end encroach-
ment will be better. Further, while one may expect that an
increase in the network intensity will result in higher profits
for the firms, we find that higher network intensity actually
reduces the profits. This happens because the network
externalities intensify price competition between the firms.

The rest of the paper is organized as follows. In Sect. 2,
we review the related literatures. Section 3 presents our
model setup. In Sect. 4, we identify the market structure
and derive market equilibriums under different quality
levels. Section 5 presents theoretical and numerical anal-
ysis of the equilibrium outcomes. Section 6 studies an
extension in which the price of the new firm’s base product
is endogenously given. Finally, we conclude our paper and
discuss the future research directions in Sect. 7.

2 Related work

Our work is related to four streams of literature, i.e.,
software versioning, free trial strategy, add-on pricing and
new product pricing.
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There is a rich literature that studies software versioning
in various contexts (e.g., [1, 10, 37, 42, 43]). Shapiro and
Varian [35] conclude that the information goods providers
will offer free versions only when they are likely to achieve
the following goals: building awareness, gaining follow-on
sales, creating a network, attracting eyeballs and gaining
competitive advantage. Jing [19] investigates the role of
network externalities in a software provider’s product line
decisions in a monopoly setting. He concludes that a low-
quality product should be offered for free under very
general conditions to enlarge the network for its high
quality product. Cheng and Tang [6] focus on a monopolist
software provider that offers a free low quality version and
a high quality version. The monopoly trades off consumer
valuation upshift due to the existence of network effects
and the demand cannibalization due to the provision of free
product. In our paper, we generalize the model in Cheng
and Tang [6] by specifically analyzing the free strategy in
an incumbent-entrant setting. Niculescu and Wu [29]
compare a monopoly’s profit under three business models:
feature limited freemium, uniform seeding and charge for
everything. They find that offering a feature-limited ver-
sion for free is optimal when the customers’ prior on pre-
mium features is either low or high. In our model, the base
product is similar to the limited version in Niculescu and
Wu [29], but we focus on the price competition between an
incumbent and a new entrant firm that uses free strategy.

In the literature on free trial strategy, some studies
investigate the effect of free trial on consumer demand and
the firms’ decisions. Gallaugher and Wang [16] empirically
study the impact of network externalities on software pri-
ces and emphasize the role of free goods in web server
market. Bawa and Shoemaker [3] focus on consumer goods
and examine the effect of free sampling on the evolution of
market shares. Conner [7] focuses on the commercial
software and its “clone” with a lower quality, the clone in
some sense can be viewed as a free product by setting its
price to zero. She finds that when the network effect is
large, it is profitable for an innovator to allow a “clone” of
its product. More recently, several studies examined soft-
ware free trial strategy of different forms (e.g., [4, 5, 14]).
A common finding in these papers is that the strength of
network externalities or word-of-mouth effect is a critical
factor in deciding which strategy to implement for provi-
ders. Cheng and Liu [5] explore two free trial strategies:
time-locked free trial and limited version free trial in the
context of network externalities and consumer uncertainty.
In another paper,Cheng et al. [4] extend the work in Cheng
and Liu [5] by adding the hybrid strategy which combines
the time-locked free trial and limited version to the optimal
strategy analysis. Unlike the prior studies that focus on a
monopolistic firm, we specifically investigate the free
strategy in the context of new product entry and analyze the

impact of the switching cost and network externalities on
the firm’s entry decision and product pricing.

Our study also relates to the literature on add-on pricing.
As a complement to the base product, the offering of add-
ons can improve user experience. Verboven [41] examines
the pricing practice of base products and optional add-ons
by considering various alternative models: a model in a
monopoly setting, a model of brand rivalry with full con-
sumer information and a model of brand rivalry with lim-
ited consumer information. In his model, the add-ons are
sold at high prices as premium products. Ellison [11]
considers two models when consumers have both vertical
and horizontal taste heterogeneity: a standard competitive
price discrimination model and an add-on pricing model. In
the former model, all prices are observed by consumers,
while in the latter one the add-on prices are unobserved. He
shows that if the consumers with a low valuation for add-
ons are more sensitive to price differences, the add-on
pricing can soften competition and increase equilibrium
profits. Shulman and Geng [38] extend Ellison’s model by
allowing for quality asymmetry. Then, they examine the
impact of add-ons pricing on firm profits when boundedly
rational consumers exist. Erat and Bhaskaran [12] focus on
the role of a customer’s mental account of the base product
in the add-on purchase decision and explore the effect of
this behavioral bias on a company’s optimal pricing and
development decisions. Using a parsimonious model,
Fruchter et al. [15] characterize the optimal pricing policy
of a seller with monopoly power when it sells a primary
offering with an optional add-on. A recent study by Etzion
and Pang [13] analyze the competition between two firms
that sell differentiated physical products and can choose to
offer a complementary add-on service. Although they
model the complementary add-on service with network
externalities, the primary offering does not exhibit network
externalities. In contrast to their work, our paper focuses on
the information goods which display positive network
externalities. In addition, the base product in our paper are
offered free of charge.

In the literature on new product pricing, Moorthy [27]
investigates the product quality design levels and optimal
pricing strategies for the earlier and later entrants. He
shows that the early entrant has a first-mover advantage to
compete with the later entrant by means of preempting the
best position. Schmidt and Porteus [33] consider two
competing substitute products in a vertically differentiation
model, where the new product enters the market in the way
of either high-end encroachment or low-end encroachment.
Schmidt [32] further studies the low-end and high-end
encroachment strategies on the foundation of Schmidt and
Porteus’s [33] linear reservation price framework. In a
recent paper, [18] examine an incumbent’s optimal strategy
for its new product in a duopolistic market. They compare
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three sequential entry strategies and find that the price,
quality and the intensity of competition have a great impact
on the incumbent’s decision. Prior literature on new pro-
duct pricing have also addressed some important strategic
issues involving new product entry, such as product
upgrades [26], entry order decisions [25], entry timing
[34, 39, 39, 40] and entry strategy under firm heterogeneity
[28]. However, few academic literature in this stream
explore the free strategy, which plays an important role in
the introduction of new products. In this paper, we examine
a firm’s optimal entry strategy by focusing on the role of
network externalities and the offering of a free product.
The study by Mehra et al. [26] is the most relevant to our
research. They develop a game-theoretic model involving
an incumbent and an entrant to investigate the competitive
upgrade discount pricing strategy. The entrant in their
paper employs price discrimination between the new cus-
tomers and the old customers of the existing firm. They
assume that both products are of the same quality. We relax
this assumption and study the entrant’s encroachment
under different quality levels. In addition, our model is
different from the model in Mehra et al. [26]. In our model,
the products are vertically differentiated and consumers are
heterogeneous to their valuations on product quality,
whereas Mehra et al. use the Hotelling model and the
products in their model are horizontally differentiated.

3 Model

We develop a new product entry model by considering two
firms, labeled as Firm A and Firm B. Firm A is an
incumbent while Firm B is an entrant that offers a new
product to infringe on the existing market. Before Firm B
enters the market, Firm A sells product A of quality v4 at
price pan,. Firm A is assumed to myopically set the product
price due to the rapidly changing technologies [9]. In other
words, the decisions of firms and consumers are best
responses to the current options available to them. Con-
sumers have different valuations for the product, and those
who have positive valuation for product A in the market
can be divided into two segments: those who do not buy
product A and those who buy it. The proportions of the two
types of consumers are represented by r and 1 —r,
respectively (0 <r<1). In the later period, Firm B enters
the market with its substitute product B. Product B contains
two parts: the base product and the add-ons. The quality of
product B is denoted by vp, and vg = v, + vp,, Where vp),
is the quality of the base product and vp, is the quality of
the add-on. The add-on is a complement of the base pro-
duct and thus cannot exist without the base product. Firm B
can strategically decide the quality of its product so as to
compete with the incumbent firm. Both product A and
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product B display positive network externalities with the
same network intensity o (0 <a<1).

In the second period, Firm B enters the market and
provides a base product for free. We later drop this free
strategy assumption in the extension and examine the
condition under which it is more profitable for the new
entrant firm to provide a product for free than offering it for
a fee. The free strategy allows consumers to use the basic
functionality for free, but for access to the additional fea-
tures they have to pay a fee. The price of the add-ons is
denoted by pp,. In response to Firm B’s infringement, the
incumbent resets a lower price psy for product A
(Pad <Pam) in the competition period. The firms simulta-
neously determine their respective prices. When product B
is introduced into the market, some consumers who pre-
viously use product A will switch to product B. The cost
that they incur from switching is denoted by ¢ (c > 0).
Without loss of generality, we normalize the mass of
consumers in the market to 1. The consumer’s willingness
to pay for a given product, denoted by 0, is uniformly
distributed over [0,1]. Each consumer in the market
demands at most one unit of product from either firm. A
consumer of type 0 derives a net utility of (0 + aQ)v —p
from using the product of quality v, where Q is the
expected network size [21], Ov is the intrinsic value or
standalone value derived from using the product and Qv is
the network-generated value from the user base [19].
Specially, if the product is free, we have p = 0. If some
consumers switch to the competing firm’s product, they
incur a switching cost and thus obtain a net utility of
(6+aQ)v—p—c.

4 Market segmentation

Before Firm B enters the market, Firm A has built its user
base by selling product A. The following lemma illustrates
the optimal price of product A and the corresponding
market segmentation in the monopoly period.

Lemma 1 Before Firm B enters the market, the incum-
bent offers its product at the price of v4/2. There are two
segments of consumers in the market. The proportion of
customers who do not buy from the incumbent is r =
(1 =20)/(2(1 —a)) and the proportion of buyers is
L—r=1/2(1 —a)).

Figure 1 describes the market segmentation under the
monopoly of Firm A. The consumers located between 0
and r do not buy product A while the consumers between r
and 1 buy it. In addition, if the network intensity o
increases, more consumers will purchase from Firm A
since d(1 —r)/doe >0 and thus Firm A gains a larger
market share.
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Fig. 1 Market segmentation in Not using product A Using product A
the monopoly stage AL AL
. -+ |
0 r 1

When Firm B enters the market with its new product, the
incumbent and entrant firms engage in a competition. Firm
B makes a commitment that consumers can use the base
product for free and only the add-on is charged. In
responding to Firm B’s entry, the incumbent lowers its
price for product A. As a result, consumers reconsider their
purchase decisions in face of multiple available options.
Consumers located between [0, r] have three options: use
the base part of product B, use the base part of product B
and pay for the add-ons (i.e., use the whole product B), and
buy product A. Likewise, the consumers between [r, 1]
also have three choices: switch to the base part of product
B, switch to the whole product B, and continue to pay for
product A. Consumers choose the option that provides
them the maximum net utility. Note that there will be no
consumers who use neither product A nor product B in our
model setup, because the consumers who have not buy
from Firm A can get a positive surplus from using Firm B’s
free offering. The options and the corresponding net utili-
ties are listed below.

(1) Consumers who have not purchased product A now
use the free base part of product B and obtain a net
utility of U = (9 + aQBd)VBb-

(2) Consumers who have not purchased product A now
use the whole product B and obtain a net utility of
U = (04 aQpa)vs — PBa-

(3) Consumers who have not purchased product A now
adopt it and obtain a net utility of
Us = (04 a2Quq)va — Paa-

(4) Consumers who have purchased product A now
switch to Firm B’s free offering and the net utility is
Us = (04 aQpq)vey — c.

(5) Consumers who have purchased product A now
switch to the whole product B and the net utility is
Us = (0 + aQpa)vs — psa — C.

(6) Consumers who have purchased product A now
continue to pay for it. The net utility is
U6 = (H + OCQAd)VA — PAd-

All the above expressions are the continuous function of 6.

Therefore, consumers who make the same choice will be

Fig. 2 Possible market ) 3)
N N

segmentation when vg > vy

contiguous. Note that it is possible that the six segments of
customers do not coexist in equilibrium, because some
options may be dominated. Each possible configuration of
market segments represents a market structure, for exam-
ple, a configuration of segments (1), (2), (3) and (5) con-
stitutes a market structure. In addition, the same
combination of market segments in different orders repre-
sents different market structures. For example, the config-
uration of market segments (1), (2), (3), (5) and that of
segments (2), (1), (3), (5) constitute two different market
structures. One specific assumption about product quality is
given below to achieve a tractable analysis.

Assumption 1 vy > vg,

Assumption 1 is a key assumption in the analysis of
market structure. When Firm B introduces product B into
the market, different market structures are generated under
different levels of quality of product B. We first analyze the
case of high-end encroachment (vg > v4). In the net utility
functions of options (1), (2) and (3), the coefficients of
consumer valuation 0 are vg,, vg, and v4, respectively.
When vg > vy, the market structure must encompass the
segments in the order (1), (3), (2), (4), (6) and (5) from the
left, as illustrated in Fig. 2. In this case, we refer to the
marginal consumers as 60y, 6, r, 83 and 04. Note that this
does not mean that all the six segments must exist in the
market. It just implies that when the segments exist in the
market, this order must be followed.

We make a further analysis of the possible market
segmentation when vg > v4. The new customers with very
low valuations will use the free product offered by the new
firm in the second period, from which they can derive
positive net utility. This implies that in equilibrium, the
segment of consumers exercising option (1) exists in the
market. In addition, we assume that the price set by Firm A
after Firm B enters with a free product is low enough such
that there will be consumers purchasing product A from
Firm A. In other words, Firm A’s price should be low
enough to ensure that the segment of consumers exercising
option (3) or the segment of consumers exercising option
(6) exists in the market. Accordingly, the possible market

2 (G (6) )
A A

B
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structures under high-end encroachment are (1)(4)(6)(5),
(DHB)(6)(5), (HB)(2)(5), (1)(6)(5) and (1)(3)(5). Likewise,
a similar result is obtained in the case of low-end
encroachment where (vg<v,). Consequently, combining
this analysis with Assumption 1, we are left with with three
possible market structures with free strategy, as illustrated
in the following proposition (the proof is given in “Ap-
pendix 17).

Proposition 1  When Firm B enters the market with the
free base product strategy, the specific market structure
depends on the values of vy and vg:

(1)  Ifvg > va, there exists a unique Nash equilibrium
and the only possible market structure is
(1)(3)(6)(5).

(ii)  If vg <vp, there exists a unique Nash equilibrium
and the only possible market structure is
(1)(2)(3)(6).

(i)  If vg = va, there exists a Bertrand equilibrium.

According to Proposition 1, the equilibrium market
structure changes with the quality of product B. When
vg > v4 , Firm B enters the market in a way of high-end
encroachment to attract the high-valuation consumers,
namely consumers in segment (5). When vg <v,, Firm B
introduces its new product in a way of low-end encroach-
ment for drawing the low-end consumers, namely those in
segments (1) and (2). Proposition 1 also shows that if
Product B is of the same quality as Product A, then neither
firm gains positive profit. This is because when vg = vy, all
customers will buy from the firm that charges a lower
price, and so the firm whose price is a little higher obtain
no profit. In that case, both firms will cut their prices, and
consequently the prices are reduced to zero. Therefore, if
Firm B enter the market with a homogeneous product, the
firms compete themselves down to zero profit under Ber-
trand competition.

5 Analysis

In this section, we analyze the equilibrium prices and
profits of the two firms when the entrant firm’s new product
infringes on the market in two ways: high-end encroach-
ment and low-end encroachment.

Fig. 3 Simplified market (1)
segmentation when vp > v N

5.1 High-end encroachment
5.1.1 Equilibrium outcomes in the high-end encroachment

We first analyze the case where vg > v,4. In this case, Firm
B’s new product infringes on the market to attract high-end
consumers. As a direct consequence of Proposition 1, the
only possible market structure is (1)(3)(6)(5). In equilib-
rium, the market is characterized by 0, = 03 = r. A sim-
plified figure of the market segmentation is shown in
Fig. 3, where 0, denotes the marginal consumers who are
indifferent between exercising option 1 and option 3, and
04 denotes the marginal consumer indifferent between
option 6 and option 5.

As shown in Fig. 3, in equilibrium, consumers located in
[0,0,] use the free base part of product B, consumers
located in [0y, 7] and [r, 04] purchase product A from Firm
A, while those in [04,r] correspond to the users of the
whole product B.

The marginal consumers between two adjacent seg-
ments receive equal utility from either segment. Hence,
these marginal consumers are described by the following
equations:

(01 + 02Qga)ver =(01 + 2Qaa)va — Pad, (1)
(04 4 2Qaa)va — Paa =(04 + 2Qpa)vp — ppa — C- (2)

We denote the demand of product A and the demand of
product B by g4, and gp,, where gaq + gps = 1. The profit
of Firm A in the duopoly period, denoted by m4, is gen-
erated from consumers in [0, 04], who buy product A at
price paq. Firm B’s profit, w4, is completely contributed by
customers in [04, 1], who are willing to pay for the add-ons
of product B at price pp,. Thus, the demand of add-ons of
product B, denoted by ¢p.4, determines the profit of Firm
B. Hence, we have

gad =04 — 01, (3)
qsa =01 + (1 —04), (4)
qBagd =1 — 04. (5)
In the rational expectation equilibrium, we have

gia = Qja(j = A, B). In equilibrium, the incumbent and the
entrant seek to set their respective prices psy and ppy to
maximize their profits by solving the following problems:

3) (6) (5)
AL Al Al
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(P]) maxp,, 7id = PAddad S-t. 0<0;<r<b;<1.

(6)
0<0;<r<b,<1.
(7)

The constraint in the above optimization problems ensures
that the values of ga4, gpqs and gp.q are positive. Solving the
optimization problems for ps, and pp, yields the equilib-
rium prices. The closed form of expressions of prices and
profits under high-end encroachment are

(P2)  maxp,, T4 = pBagBad S-t.

m? 4 (va — vgp)(m(awvg + ) 4+ a(va +vg)(c(va — veyp) — awavp,))

Paa = m(3vp, — va + vg) + 30(va + vg)(va — VBp)VBa ’
(8)
% VBa(ij\d + aVA)
_ _ 9
PBd VA — Vb ¢, ( )
- _VBa(ZAd) : (10)
oo mto(va +vp)(va — vep)) (Pha)’ (11)
2 (vg —va)m ’

where m = (vg — va)(va — vep) — 20v4Vp,.

In equilibrium, the condition m = (vg —va)(va —
vgp) — 20v4vg, > 0 is required to ensure that the new
entrant firm derives positive profit.

5.1.2 Impact of switching costs on profits

The following result shows the impact of switching cost on
firms’ prices and profits under high-end encroachment.

Proposition 2 When Firm B enters the market with free
strategy under high-end encroachment, as the switching
cost increases, the price of product A and the profit of Firm
A increase, whereas the price of product B’s add-on and
the profit of Firm B reduce.

Proposition 2 states that the switching cost has a posi-
tive impact on Firm A but a negative impact on Firm B.
This finding is consistent with prior research on the impact
of switching cost (e.g. [8, 23, 24]). The switching cost
provides the incumbent firm an advantage by locking in its
existing customers. As the switching cost increases, the
existing customers are less willing to move to the new firm.
Thus Firm A can charge a higher price and thus gains a
higher profit. On the other hand, Firm B responds the
increased switching cost by lowering its price, so as to
induce the old customers to purchase its product. However,
the increase in the switching cost eventually leads to a
reduction in Firm B’s profit.

We use Fig. 4 to further demonstrate the impact of
switching cost on the equilibrium profits. In performing the

3.5

3.0 1

254

(5.5074, 1.1961)

/

2.0+

Firms' Optimal Profits

4 5 6 7 8 9 10 11 12 13
Switching Cost: ¢

Fig. 4 The impact of switching cost on firms’ profits when vg > v4

numerical analysis, we set v4 = 90, vg = 100, vg, = 70
and o = 0.01. Figure 4 shows that as the switching cost
increases, Firm A will be better off while Firm B will be
worse off. When ¢ = 5.5074, the firms gain the same profit.
When ¢<( > )5.5074, Firm B’s profit is higher (lower)
than Firm A’s profit.

5.1.3 Impact of switching costs on consumer surplus
and social welfare

We now investigate the welfare implication of the impact
of switching cost by computing consumer surplus and
social welfare. Substituting the equilibrium prices and
demands to consumer’s net utility functions, we get the net
utility for each customer segment. Accordingly, the total
consumer surplus (CS), is given by

9] r 64 1
CS:/ U1d0+/ U3d0+/ U6d9+/ Usdo),
0 0, r 04

(12)

Social welfare (SW), is defined as the sum of consumer
surplus and industry profit:

SW = CS + my,; + myy. (13)

It is analytically intractable to deal with Egs. (12) and
(13) to examine the impact of switching cost on consumer
surplus and social welfare. Hence, we resort to numerical
analysis. Figure 5 is depicted using the same numerical
example discussed previously. In Fig. 5, we find that a
higher switching cost results in lower consumer surplus,
which contrasts with the result in Mehra et al. [26]. This
happens because when the switching cost is high, the
incumbent firm (i.e., Firm A) can charge a high price to
consumers for its product after Firm B enters the market.
Because in our model setup the incumbent firm does not
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Fig. 5 The impact of switching cost on CS and SW when vg > vy

implement price discrimination between the old customers
and the new customers, all consumers are charged the same
price that increases in the switching cost. This impact is
high enough to more than offset any benefit in consumer
surplus due to the increased switching cost. While our
result that an increase in the switching cost hurts con-
sumers is inconsistent with that in Mehra et al. [26], it
actually consists with prior studies (e.g., [2, 23, 30])
according to which switching costs reduce consumer sur-
plus. We also observe from Fig. 5 that social welfare first
decreases in the switching cost and then slowly increases in
it. This happens because switching cost is a barrier for
consumers to adopt a new product that may otherwise fit
them better. The higher the switching cost, the lower utility
that consumers derive. Since Firm A can benefit from a
higher switching cost, there must exist a threshold value
that when switching cost exceeds this value, the social
welfare will increase. The threshold value in Fig. 5 is equal
to 11.0809. When ¢ > 11.0809, social welfare increases in
the switching cost.

5.1.4 Impact of network intensity on profits, CS and SW

Although we have obtained closed form expressions for 7},
and 7, in the case of high-end encroachment [(see
Egs. (10) and (11)], the derivatives of n}, and n3, with
respect to o are too complex to derive. Hence, we use
numerical methods to illustrate the impact of network
intensity. To examine the impact of network intensity (o)
on equilibrium outcomes, we ran extensive numerical
experiments with different switching cost (c). We find that
the trajectory patterns of equilibrium prices, profits, con-
sumer surplus and social welfare turn out to be identical for
different values of c. Hence, we use a representative
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Fig. 6 The impact of network intensity on equilibrium prices and
profits when vg > vy

example shown in Figs. 6 and 9 to report these results. In
this example, we set v4 = 90, vg = 100, v, =70 and
¢ = 5. However, the trajectory pattern of Firm A’s demand
(q4,) with respect to o turn out to be different for different
values of ¢, and so does the demand of Firm B’s add-ons
(q54q4)- Therefore, we use Figs. 7 and 8 to report the results
of impact of « on g, and gy, , respectively for different
values of c.

Figure 6 shows that an increase in the network inten-
sity results in a decline in the firms’ prices in equilibrium.

0.70 /
0.65-
0.60-

94d
0.55-

0.50

0 0.005 0.010 0.015 0.020 0.025 0.030
Network Intensity : o

Fig. 7 The impact of network intensity on firm A’s demand when
Vg > Va
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Fig. 8 The impact of network intensity on the demand of firm B’s
add-ons when vg > vy

Moreover, we observe in Fig. 6 that for a given «, Firm B
gains a higher profit compared to Firm A. As the network
intensity strengthens, both firms’ profits decrease. While
the results of prior studies on network externalities sug-
gest that in a monopoly market, a firm’s profit increases
in the network intensity (e.g., [6]), our numerical results
show that in a duopolistic setting, the firms’ profits may
decrease in the network intensity due to the intensifica-
tion of price competition. We also observe that Firm B’s
price is higher than Firm A’s price. The reason is that
when vg > vg4, the paying customer are all switchers from
Firm A as illustrated in Fig. 3. These customers are also
high valuation customers who have high willingness to
pay for the high quality product. Therefore, Firm B can
charge a higher price to them for its high quality product.
Figures 7 and 8 show that the impact of network inten-
sity on firms’ demands depends on the level of switching
cost. When ¢ =4, g}, first increases in o and then
decreases in it, while gj, , always increases in «. When ¢
becomes higher such that ¢ =7, an increase in o gener-
ates higher demand for Firm A’s product but lower
demand for Firm B’s add-ons. Figure 9 shows that the
network intensity has a positive impact on consumer
surplus and social welfare. This happens because the
utility that consumers derive from a product increases in
the network intensity. In addition, the intense competi-
tion caused by the increased network intensity leads to
lower product prices. As a result, consumer surplus
increases. The rise in social welfare implies that the
increase in the consumer surplus fully compensates for
the reduction in industry profits.

9
48 -
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47
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Fig. 9 The impact of network intensity on CS and SW when vg > v4
5.2 Low-end encroachment
5.2.1 Equilibrium outcomes in the low-end encroachment

Now we study Firm B’s entry into the market in the way of
low-end Encroachment, i.e., v4 > vg. According to
Proposition 1, the only possible market structure in this
setting is (1)(2)(3)(6) as shown in Fig. 10. The marginal
consumer, who is indifferent between using only the base
part of product B and buying the add-ons of product B, is
located at 05, and the one who is indifferent between
buying the add-ons of product B and buying product A is
located at 0q.

In Fig. 10, consumers in [0,0s] use the free product
offered by Firm B, consumers in [0s, 0] buy the add-ons of
product B, while those in [0s, 7] and [r, 1] buy product A
from Firm A. Since the customers located in [r, 1] use pro-
duct A for two periods, there exist no customers switching to
product B in this setting. In other words, when Firm B enters
the market with a lower quality product compared to that of
the existing one in the market,i.e., v4 > vp, it can not take
any market share from the incumbent firm.

The locations of the marginal customers, 05 and 6, are
derived by solving the following equations:

(0s + 2Qpa)vey = (05 + 2Qpa)vs — Paa, (14)
(06 + 2Qpa)ve — Pa = (06 + 0Qaq)va — Paa- (15)

With the above boundary points, we get the demand of
product A in the second period,

qdAd = 1 _06- (]6)

For Firm B, the number of consumers that use its free
offing and the number of customers that pay for the add-
ons are given by
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Fig. 10 Simplified market ) 2) 3) (6)
structure when v, > vg AL N N N
| ) - - -
0 0, O, r 1
qsa = 1 — qaa, (17)  social welfare in this case. The numerical analysis is per-
formed by setting v4 = 90, vz = 80, vg, = 50. Note that
qBad = 06 — Us. (18)  the value of c is not given in that there are no consumers

Both firms set their respective prices to maximize the
profits. The corresponding optimization problems are given
by
0<0s<bg<r<l1

(19)

(P3) max,, 7id = Padqad S-t.

0<Os<bg<r<l
(20)

(P4)  max,, T = ppaqpad S-t-

The constraint in the optimization problems guarantees that
the number of customers in each segments are positive. In
equilibrium, the closed form expressions for prices and the
corresponding profits in the low-end encroachment are

. Vo — v — avg + pi
Paa = ) B (21)

o _ VBa(VA — VB — 2OCVA — OCVB)(I -+ O()
Pba 4va(l — o) — (1 4+ o) (v + 3vpp)

(22)

(va — v — avp —|—p§d)2 (23)
4(vgy —vp —a(va +vs))’

Mg =

o vea(1 + oc)z(vA — Vg — Vg — 20V4 —|—p;§d)2
d 16(\1,4 — VvV — O((VA + VB))(VA — Vpp — OC(VA + VBb)) '
(24)

The firms’ profits in this setting are not affected by the
switching cost because no customers switch to the new firm
when it enters with a low-end product. Hence, we do not
observe the term ¢ in the expressions of the equilibrium
profits.

In equilibrium, the consumer surplus is

95 0(, r 1
w:/wmw+/ Wwﬁ/mw+/Lwa
0 05 O r

and the social welfare is given by
SW = CS+nj, + 3,

where U, = (0 + agpa)ves, Ur = (0 + agpq)vs — pj, and
Us = Us = (0 + 0qaq)va — Phy-

5.2.2 Impact of network intensity on profits, CS and SW
We use numerical examples to investigate the impact of

network intensity on firms’ profits, consumer surplus and

@ Springer

switching to the new product under low-end encroachment.
We show the results of numerical analysis in Figs. 11
and 12. Figure 11 shows that for a given network intensity,
Firm B’s profit is lower than Firm A’s profit. In addition,
the increase in the network intensity causes the firms to
respond by reducing their respective prices. In Fig. 11 we
also observe that Firm A sets a higher price and gains a
larger demand compared with Firm B. This happens
because when vg <vy4, all customer who buy from Firm A
in the monopoly period still purchase from it after the entry
of Firm B, and the consumers who have not purchased
from Firm A now choose to buy from it. In this case, Firm
B only gains low valuation consumers from the untapped
market. As the network intensity increases, Firm A’s
demand increases whereas the demand of Firm B’s add-ons
decreases. As a result, Firm B’s profit reduces. For Firm A,
the benefit from the increased demand is not high enough
to make up the profit loss caused by the reduction in prices.
Consequently, Firm A’s profit declines as well. According
to Fig. 12, an increase in the network intensity results in
higher consumer surplus and higher social welfare. This
result is the same as that in the setting where Firm B enters
with a high-end product. Therefore, we could conclude that
under both high-end encroachment and low-end

| Pua 7T Ppg 94a =" 7 9Baa g~ ’Dzd|

0 0.005 0.010 0.015 0.020 0.025 0.030
Network Intensity : o

Fig. 11 The impact of network intensity on prices, demands and
profits when vp <vy4
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Fig. 12 The impact of network intensity on CS and SW when vg <v,

encroachment, the network intensity has a negative impact
on the firms’ profits but a positive impact on the consumer
surplus and social welfare.

To compare Firm B’s profits under high-end
encroachment and low-end encroachment, we plot Fig. 13
to illustrate the profit difference between the two cases
with respect to the switching cost and network intensity.
For this example, we set vg = 100 and vg, = 70 when
Firm B adopts high-end encroachment strategy, and vg =
80 and v, = 50 when it adopts low-end encroachment. In
both settings, we set v4 = 90. Figure 13 shows that when
the switching cost is relatively low, the high-end
encroachment strategy generates higher profit than the
low-end encroachment strategy. However, as the switch-
ing cost increases, Firm B might derive more profit by

[— 0=0.005 —- = 0=0.01 — - 0=0.015]

-0.21 Switching Cost : ¢

0.4

Fig. 13 Firm B’s profit difference between high-end and low-end
with respect to ¢ and o under free strategy

using low-end encroachment strategy. In addition, from
Fig. 11 we observe that higher network intensity reduces
the profit difference between the high-end encroachment
and low-end encroachment. In other words, if the market
is characterized by strong network intensity, the profit that
the new entrant firm derives from high-end encroachment
may be close to the profit derived from low-end
encroachment.

6 Extension: free or not free?

In this section, we extend the basic model to a more general
case in which Firm B offers the base product at price py
rather than give it away for free. We then examine under
what conditions providing a product for free is a dominant
strategy for the new entrant firm. Similar to Sect. 5, we
analyze the equilibrium market outcomes when the new
firm infringes on the market with high-end product and
low-end product, respectively.

6.1 High-end encroachment

When Firm B offers a high-end product, i.e., vg > v4, the
marginal customers located at 0, and 04 as illustrated in
Fig. 3, are described by the following equations:

(01 + 2Qpa)vey — pr = (01 + 2Qaa)va — Pad; (25)
(04 + 00pa)va — paa = (04 + 0Qpa)ve — ppa —c.  (26)

where Qp; =01 + 1 — 04 and Qxy = 04 — 0 by employ-
ing the concept of rational expectation equilibrium.
The optimization problems of the firms are written as

(PS) maxp,, nld:pAd(94_01) st. 0<O<r<O4<l.

(27)

(P6) maxpy,, p 7oa = prls + pra(l — 04) (28)
st 0<0<r<bOi<1,pps > ps>0.
Lagrangean function of Eq. (28) is formulated as

L(pga, s 1) = prOs + ppa(l — 04) + upy. (29)

The derivation of equilibrium solutions are presented in the
appendix.

If > 0, it is optimal for the new entrant firm to offer a
free product, whereas, if 4 <0, charging a price for the base
product as well as for the add-ons are more profitable than
offering a free product. Since the expression for u is so
complex that it is analytically intractable to derive the
specific condition for pu >0 to hold. We thus turn to
numerical analysis. For this example we set v4 = 90,
vg = 100, vg, = 70 and ¢ = 5. We examine how the net-
work intensity affects the condition under which the free
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Fig. 14 Value of p with respect to network intensity

strategy is dominant for Firm B. In Fig. 14 we find u<0
when o<0.0172, and x>0 when o> 0.0172. This
implies that for this particular example, it is optimal for
Firm B to offer a free product only when the network
intensity is higher than 0.0172. Otherwise, Firm B is better
off setting prices for both the base product and the add-ons.

6.2 Low-end encroachment

Now we analyze the optimal strategy for Firm B when it
enters the market with a low-end product, i.e., vg <v4. The
indifferent points, 05 and 0g, as illustrated in Fig. 10, are
described by the following equations:

(05 + 2Qpa)vay — pr = (05 + 2Qpa)vB — PBa; (30)
(06 4+ 2Qpa)ve — PBa = (06 + 2Qaa)va — Paa- (31)

where QBd = 06 and QAd =1- 06'
The firms’ optimization problem in this setting are given
below,

0<0s<bg<r<l.
(32)

(P7) maxp,, 7id = pAd(l — 06) S.t.

(PS) MaXpy, p, T2d = pf95 + de(Qﬁ — 65) S.t.

(33)
0<0s<Os<r<l1,pgs >pr>0

Lagrangean function of Eq. (33) is formulated as

L(pga,pr, 1) = prls + pa(0s — 0s) + upy. (34)

The derivation of equilibrium solutions for the optimiza-
tion problems is given in the appendix. The condition
under which Firm B will be better off adopting the free
strategy in the low-end encroachment is summarized in
Proposition 3.

@ Springer

Proposition 3 When the new entrant firm infringes on the
market with low-end product, it is more profitable for the
firm to offer a free product than to charge a price for it if
the network intensity satisfies min{o;, o } <o < max{ay,

062}.

An implication of Proposition 3 is that it is not always
optimal for the new entrant firm to offer a free product even
though its product has no advantage over the incumbent’s
product in terms of quality. Whether the free strategy will
generate higher profit depends on the intensity of network
externality. The new firm could make more profit by
offering a free product only if the network intensity falls
within a given threshold.

7 Conclusions

This paper presents a stylized model of new product entry,
where the new entrant firm encroaches on an existing
market with the free strategy. The incumbent firm is a
monopoly before the new firm enters. We analyze the
competition outcomes under different quality levels of the
new firm’s product.

Our paper provides several interesting findings. First, we
find that if the new entrant firm introduces a homogeneous
product into the market, a Bertrand equilibrium exists.
However, if the new firm enters the market with a
heterogeneous product, the specific market equilibrium
depends on the quality difference between the firms’
products. In the case of high-end encroachment, the high-
valuation customers will switch from the incumbent to the
new entrant. These customers have high willingness to pay
for the new firm’s add-ons. On the other hand, in the case
of low-end encroachment, there will be no customers
switching to the new firm’s product due to its low quality,
but some low-valuation customers will buy from it because
of the low price it charges. Second, the network external-
ities intensify price competition between the firms, result-
ing in a reduction in the equilibrium prices. As the network
intensity increases, the firms are worse off while the con-
sumer surplus and social welfare are better off in both high-
end encroachment and low-end encroachment. Third, an
increase in the switching cost generates higher profit for the
incumbent firm and lower profit for the new entrant firm.
By comparing the new firm’s profit difference between
high-end and low end encroachments, we find that it is
optimal for the new firm to encroach on the market with a
high-end product especially in a relatively low switching
cost environment. We also extend the basic model to
examine under what conditions the new entrant firm should
provide a product for free. Our results show that in the
high-end encroachment, the new firm will be better off
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offering a free product when the network intensity is high
enough. By contrast, in the low-end encroachment, it is
more profitable for the new firm to offer a free product than
charging a price for it when the network intensity falls
within a given threshold.

Our model has several limitations and several research
directions are possible to address these issues. First, the
quality of the products are given exogenously. In our
model, we mainly discuss the market structure and equi-
librium results in two settings: In the first setting, the new
entrant firm offers a higher quality product compared to the
exiting firm; In the second setting, the product quality of
the new firm is lower than that of the existing firm. For
future research, we could consider the case where the new
firm strategically determines the quality of its free base
product and the add-on. Second, we focus on the impact of
direct network externalities on the pricing decisions of the
firms. In practice, when it comes to information products,
the demand of which is often affected by cross-sided net-
work externalities. Parker and Alstyne [31] point out that a
firm can invest in a product it intends to give away for free,
because the increased profit of the premium product more
than covers the investment cost of the free product. Future
research could extend the current model to platform-based
where there exist cross-sided network externalities. Fur-
ther, the incumbent firm in our model does not change its
strategy after the new firms enters the market with the free
strategy. It is of interest to allow the incumbent to adopt a
similar free product strategy so as to improve its compet-
itiveness in fighting for the market share.
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Appendix 1

Proof of Lemma 1 Before the entrant (i.e., Firm B) enters
into the market, the incumbent (i.e., Firm A) offers the pro-
duct A at a monopoly price, pa,. Consumers in the market
have two choices: buy or not buy the incumbent’s product.
The corresponding net utilities are: Uy, = (0 + 0Qam)va —
pam and 0. The marginal consumer, who is indifferent
between buying and not buying, is located at 6, and

(00 + 2Qam)va — pam = 0. (35)
We derive 6 from Eq. (35) as follows:

0o =2 — a0y, (36)
VA

where Oy, is the expected network size. The consumers

in [0, 8y] do not purchase, while those in [0, 1] purchase

from the incumbent firm. Hence, the demand of product
A is
qam = 1- 00- (37)

Substituting Eqs. (37) into (36) and using the rational
expectations theory, we derive the demand of product A,

1 PAm
= | — Pamy 38
am =7 ( VA) (38)

The incumbent sets the price p4, to maximize its profit

Tim = PAmY9Am-

Differentiating m;,, with respect to pu, Yyields the
following optimal price p},, demand g4, and profit nj,,
for Firm A,

N VA N ! 1 —2a N VA
== =l-—, 7n, =—"—.
Pam =7 am 21—a) M 41—
(39)
Thus, we find that
| s 1 -2« 12« 40
T T T 0y T T 21— ) (40)

O
Proof of Proposition 1

(i) When vg > vy, the analysis in Sect. 4 show that
the possible market structures are (1)(4)(6)(5),
(DB3)6)(S), (H(B)2)(S), (1)(6)(5) and (1)(3)(5).
For the market structure (1)(4)(6)(5), we have
0y = 6, = r. At the boundary point r, we have
U, (r) = U4(r) (see Fig. 2). Simplify this equation
and we can find that ¢ =0. Obviously, this
violates our setup of ¢ > 0. Therefore, this market
structure does not exist equilibrium. Similarly, the
market structure (1)(3)(2)(5) cannot exist in
equilibrium either. For the market structure
(1)(6)(5), we get that 0, = 0, =r = 05. At the
boundary point r, we have U;(r) = Ug(r). Fur-
thermore, the price will be set such that
U,(r) > Us(r). Note that Us(r) = Ug(r), so we
find a contradiction. As a result, the market
structure (1)(6)(5) cannot exist when the market
comes into equilibrium. Similarly, the market
structure (1)(3)(5) cannot exist either. Hence,
when vp > vy, the only possible market structure
is (1(3)(6)(5).

(ii) When vg <vy, the proof is similar to that of (i).

(iii)) When vg = v4. As noted above, in equilibrium,
segment (1) and segment (4) cannot coexist,
segment (2) and segment (5) cannot exist, and
segment (3) and segment (6) cannot exist.

Hence, if segment 3 exists, we must have
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Us(0) = U3(0). (41)

In this case, we obtain that

Us(0) > Us(0). (42)

This implies that no consumers will exercise option (2) and
option (5). As a result, Firm B makes no profit in this case.
If, however, Firm B charges a low enough price such that
U,(0) > Us(0) and Us(0) > Us(0), then all consumers will
buy from Firm B instead of from Firm A. In that case, Firm
A will reduce its price in response to Firm B’s low price.
This consequently leads to zero prices in the market and
neither firm can be profitable.

Derivation of equilibrium outcomes for Sect. 5.1.
Substituting Egs. (3) and (4) into Egs. (1) and (2) and
employing the rational expectation theory, we derive the
marginal consumers and the firms’ demands below.

_ baa + gy — a(vey + Va)qaa

01 )
VA — VBb
0, Pt —Paa— s+ a(ve + va)qaa
4 Vg — VA )
_ PBa(VA — VBb) — PaaVea + ¢(va — VBp) — 0vaVp,
qad = )
(ve —va)(va — vep) — 20vAVBq
(43)
qpd =1 — qaad, (44)
et =1 _ PBa T+ C—Ppag —ovp + (v + va)qaa ' (45)

Vg — VA

We first compute the first order conditions of problems
(P1) and (P2) and then solve the two conditions simulta-
neously for the prices paqs and pp,. The closed form of
expressions of equilibrium prices are

. :mz + (va—vgp)(m(avg+c)+o(va+vg)(c(va—vep) — 0vavea))
Ad m(3vBa—vA +VB)+3O((VA+VB)(VA _VBb)VBa
Vs ton)

Ppa= )
VA —VBb

)

(46)

where m = (vg — va)(va — vpp) — 20v4Vp,.

Substituting p}, and pj, back into the objective func-

tions of problems (P1) and (P2) yields the equilibrium

profits, j, and 3,, for the two firms.
_ VBa (pZd)z

«
Td =T

(47)

(m + a(va + vg)(va — vep)) (Pp,)’

(vg —va)m (48)

* —
TE2d = )

Derivation of equilibrium outcomes for Sect. 5.2. Substi-

tuting Eqgs. (16) and (17) back into Egs. (14) and (15), we
have
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_ PAd —PBd — W4
qu - VA _ VB _ OC(VA + VB) bl (49)

(50)

(51)

qaa = 1 — qpa,
VBa
PBd

qad = (1 + o)gpa —

Solving the optimization problems (P3) and (P4) yields the
equilibrium prices,

*
_vAvafochquBd

s _ vga(va —vg — 20w4 — avg)(l + a)
Pra = "4 (1 — ) — (1 + &) (vg + 3vap)

(53)

Substituting the above equilibrium prices into the objective
functions of problems (P3) and (P4) yields the optimal
profits, which are given by

(va — vg — ovp + phy)’
4(VA — VB — OC(VA + VB)) ’

I vaa(1 4 a)*(va — vg — ovg — 204 +p§d)2
2 16(va — vp — a(va +va))(va — vep — a(va +vap))
(55)

Proof of Proposition 2 The first-order conditions of the
profits of Firm A and Firm B with respect to ¢ are given as
follows.

Oniy _ 2PaqVBa P

56
dc m  Oc’ (56)
O0m5g _ 2Ppa(m + 2(va + v8)(va = vip)) Oy (57)
dc (vg —va)m dc ’

where Op},/0c and Opj,/Oc are the first-order conditions of
Eqgs. (52) and (53). Taking the derivative of p}, and pjy,
with respect to ¢ yields

OPaa _ m(va—vap) +(va+ve) (va—vap)’ -0
0c  m(3vga—va+vp)+3ovpa(va+ve)(va—vay)
(58)
Ppa _ 2B OPaa 1
Oc  vqa—vp, Oc
_ —m(vg—va) —mvg, — g (va +vg)(va — vap) <0
m(3vpy —va +vg) +30wp,(va+vp)(va —vay) ’
(59)

The price of product A, p},, should be positive. According
to Lemma 2, we have m > 0. Hence, the sign of 0nj,/0c
depends on the sign of Op},/0c, which is positive as given
by Eq. (58). Therefore, 0n},/0c > 0. That is, the price of
product A and the profit of Firm A increase with switching
cost. Similarly, we can get that 0r},/0c <0, which means



Inf Technol Manag (2018) 19:1-19

15

that the price of product B and the profit of Firm B
decrease in the switching cost. O

Derivation of equilibrium solutions for Sect. 6.1. By
using Kuhn-Tucker conditions of the above function and
the first-order condition of Firm A’s profit function, we find
that the case of u > 0 yields the condition under which
offering a free version product (i.e, py = 0) is an optimal
solution for Firm B. It follows that

Piaa
_ m? 4+ (va —vgp) (m(ovg +c) +a(va+vg)(c(va — vep) — avavis))
m(3vp, —va+vp)+30(va+ve)(Va —VBp)VBa

)

(60)
«  vBa(2ph, + o
ph :% e (61)
'u _ (VB — VA)T
m(m(3vp, + v — va) + 30w, (vg + va)(va — vap))’
(62)

where m = (VB — VA)(VA — VBb) — ZO(VAVBa, and

T =— v} +v3(c+2ve (1 +40) +2vp(1 — 4a))
+ v (ve, (=130 — 100 — 1) + v, (2vp(13a* 4 2a — 2)
—c(30+2)) —vE(136% — 60+ 1) +cvp(3o— 1))
+va(o(1 4 o) (3o +2) vy, + va, (va(—90° — 1247
+60+2) + (302 + 20+ 1)) +vgvpy (ve(92® + 90
— 100+ 2) +2¢(1 — 3a?)) — avy(vs(3a* +2a —2)
—c(3a—2))) +vap(a(1+a)(c—2vp)v3,
—vgvep((1 —40® — da)vg + (1 4+ a)(1 +24))
+avi(c(24a) —2vp(1 +a))).

Derivation of equilibrium solutions for Sect. 6.2. The
optimization problems could be solved in the same way as
in Sect. 6.1. The case of u > 0 provides the condition under
which offering a free version product (i.e, pr =0) is an
optimal solution for Firm B. It follows that

. vBa(va —vp — 20vp — ovp)(1 + )

- : 63
Pba = "4 (1= o) — (1 + @) (v + 3va) (63)
N VA — Vg — avp + pj
Py =t (64)
u

- (VA(ZO( — 1) + VB(I + O())(OCZVBG + O((ZVA + 3\/5 - VBIJ) - 2(VA — VB)
(Bvap(1 4+ o) —4va(1 — o) +vp(1 + ) (va(1 — ) —vp(1 + o))

(65)

Proof of Proposition 3 In equilibrium, we find that
p=0gg(a), where 0; is obtained by substituting the
equilibrium prices back into the indifferent points, and

(CX) _ 02 vpa+oi(2va+3vg—vap)—2(va—vp)
8 o(vep+2va+ve)+v+ves—2va

equilibrium, the above solution is feasible if and only if
g(a) > 0. Consequently, we have

Because 67 >0 in

min{oy, 0p } <o < max{oy, o}, (66)

—2va—3vp+vp,+ \/4VA (VA +5VB_3VBb)+(VB+VBh)2

2(VB—VBb)

where oy =

__2va—vp—vpp
and o =T,

Appendix 2

In Appendix 2, we consider a first time user cost in con-
sumer utility functions. The first time user cost is incurred
when the consumers use a new product at the first time.
The consumers who buy from Firm A in stage 1 do not
incur such a cost, but they incur a switching cost if moving
to Firm B’s product. Let f denote the first time user cost.
There are a total of six options available for consumers.
Consequently, the utility for various options available to
the consumers are listed below:

(1) Consumers who have not purchased product A now
use the free base part of product B and obtain a net
utility of U; = (0 + aQpy)ves — f.

(2) Consumers who have not purchased product A now
use the whole product B and obtain a net utility of
Uz = (0 + 0Qpy)vs — Ppa — [

(3) Consumers who have not purchased product A now
adopt it and obtain a net utility of
Us = (0 + 2Qaq)va — Paa — 1"

(4) Consumers who have purchased product A now
switch to Firm 2’s free offering and the net utility is
Uy = (04 aQpq)vey —c.

(5) Consumers who have purchased product A now
switch to the whole product B and the net utility is
Us = (0 + 2Qpy)Vs — Ppa — C-

(6) Consumers who have purchased product A now
continue to pay for it. The net utility
is U = (0 + 2Q4q)Va — Paa-

Lemma B1 Before Firm B enters the market, the
. . . 1

incumbent offers its product at the price of 5(va —f).
There are two segments of consumers in the market. The
proportion of customers who do not buy from the incum-

bent is r :% and the proportion of buyers is
— _va—f
l—r= ZVAA(lfoz)'

In this model setup, we find that different market
structure exists in equilibrium under different conditions.
In the following, we analyze the market structure under
different conditions and give the equilibrium result under
each structure.

@ Springer
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Case (i). vg > vy.

If vg > vy, the market structure must encompass the six
segments in the order (1)(3)(2)(4)(6)(5) from the left.
However, it does not imply all these six segments must
exist. We show the equilibrium market structure under
different conditions below.

Case (ia). vg > va and f > ¢ > 0.

When f > ¢ > 0, from the utility functions we obtain
U,<Us. If in equilibrium the market structure is
(DH(B)(2)(4)(6)(5), then the utility of the indifferent cus-
tomers located at r should satisfy U, (r) = U4(r). Using
U,<Us and U, (r) = Uy(r) gives us Uy <Us, which
implies that the customers on the right of indifferent point r
will not choose option (4) and so option (4) is dominated.
Therefore, the possible market structure is (1)(3)(2)(6)(5).
Similarly, at the indifferent point r, the condition U(r) =
Ug(r) should hold. Using U, <Us and U,(r) = Us(r), we
have Us > Ug. This implies that option (6) is dominated by
option (5). As a result, no consumers will exercise option
(6) and the possible market structure is (1)(3)(2)(5). To
implement this market structure, the condition U,(r) =
Us(r) should be satisfied, but because U, < Us, we find a
contradiction. Therefore, no consumers located on the left
of r will exercise option (2). Consequently, the equilibrium
market structure in this case is (1)(3)(5), as illustrated in
Fig. 15.

In this setting, all consumers who have purchased from
Firm A now switch to Firm B and pay for its add-ons. Next
we determine the profit-maximizing prices set by Firm A
and Firm B to implement this market structure. In segment
(5), the price of Firm B is set so that the indifferent cus-
tomers located at r get a weakly higher surplus from
switching compared to the surplus from either continuing
to buy from Firm A or use the free base product from Firm
B. These constraints are given by

(r+aQpg)ve — ppg — ¢ > (r + 2Qpg)Va — Paa> (67)
(r + 0Qpa)ve — ppa — ¢ > (r + 2Qpq)ves — C. (68)

These constraints yield the price pg, = min{(r + aQg,)vs
—(r+ aQag)va — ¢ + pag, (r + Qpy)(vs — vap)}, where

vy =2
Qug=r—"013, QOp=1—r+03, and r :-f;vf‘(l_g*‘.

Similarly, we can find p,, = min{(0;3 + aQs;)va—
(013 + 2Qpg)vep, (0134 2Qag)va — (013 + 2Qpy)vE + Ppat-
The indifferent point 63 is obtained by solving
(013 + 2Qpa)ves —f = (013 + 0Qag)va — Paa — -

0 ) ®
. R o\ R v R

0 O "

- L

Fig. 15 Market structure when vg > vy and f > ¢ >0

@ Springer

The optimization problems of the firms are as follows:

max,,, Ty = pad(r — 013)

(69)
s.t. O0<Opiz3<r.

maxp,, T2d = Ppal

70
st. 0<O;3<r ( )

Solving the above optimization problem of Firm A yields
the price, indifferent point and profit as follows:

Pha =5 (rva = van(o+ 1),
o :rvA(l—Za)—l—va(a—r—ar)
13 2(VA(1 —OC) —VBb(1+OC)) ’
T = (I’VA —va)(ot-l-r)z
7 4(va(1 — o) — (1 4+ a)vgp)

For Firm B’s optimization problem, we find that its profit is
increasing in ppg. By substituting p}, into the constraint,
prg=min{(r+o(l—r+073))vg— (r+a(r—0j;))va—c+
Pigr (r+o(1—r+033))(vg—vey)}, we could get the opti-
mal price of Firm B.

Case (ib). vg > v4 and 0<f <c.

When 0<f < ¢, we obtain U; > Uy and Uz < Us. If the
market structure in equilibrium is (1)(3)(2)(4)(6)(5), then at
the indifferent point , the condition U, (r) = U4(r) should
hold. Using Uy > Uy and U, (r) = U4(r) gives us Uy > U,
which implies that option (2) is dominated by option (1).
Thus, no consumers will choose option (2). Hence, the
possible market structure is (1)(3)(4)(6)(5). At point , we
have U;(r) = Uq(r). Using Uz <Ug and Us(r) = Uq(r)
gives us Ug > Uy. Thus option (4) is dominated and the
possible market structure is (1)(3)(6)(5). In this case, the
condition Ujz(r) = Ug(r) should be satisfied. However,
from the utility function we have Uz <Ug. Hence, option
(3) and option (6) cannot coexist. Consequently, the equi-
librium market structure when 0<f <c is (1)(3)(5) or
(DH(©)(3).

Under the market structure (1)(3)(5), we could derive
the equilibrium results that are the same as in Case (ia).
Next, we focus on the analysis on market structure
(1)(6)(5), which is illustrated in Fig. 16.

In this setting, the consumers in segment (6) buy from
Firm A and thus the demand of Firm A is Os¢ — r, the
consumers whose valuation is higher than 6s¢ purchase the
add-ons from Firm B, and the consumers on the left of use

M ©) ®)
S~ A ~ N ~ PN

0 , 0, I

Fig. 16 Market structure when vg > v4 and 0<f <c¢
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the free base product from Firm B. In addition, in segment
(6), the price of Firm A is set so that the indifferent cus-
tomers located at Oss get a weakly higher surplus from
continuing to buy from Firm A compared to the surplus
from switching to either free product or add-ons offered by
Firm B. These constraints are given by

(r + 0Quq)va — Pag = (r + 2Qpy)vay — C,
(r + 0Quq)va — Pag > (r + 2Qpy)Ve — ppg — C-

This constraint yields the price p,, = min{(r + 2Q4,)va—
(r +0Qpa) vy + €, ppg + c(r + 0Qyq)va — (r + 2Qpy)vs},
where Q4 = 0s¢ — r and Qp; = 1 — Q4. Following sim-
ilar logic we find that pg, = min{(0ss + 0Qps)ve—
(0s6 + %Qpa)va — € + Paa; (056 + 0Qpa)(vs — vy)}.  The
indifferent point 054 is obtained by solving
—ppa — ¢+ (056 + 2Qpq)vs = (056 + 2Q4a)va = Paa-
Accordingly, we can write the firms profit functions,

max,,, Tig = paq(0ss — 1)

(73)
s.t.  r<fOs<l1.

max,,, mq = pps(1— Ose)

(74)
s.t. r<fss<1

By examining the second order condition of 74, we find
that 7,4 is convex in p4,. Thus, in equilibrium the optimal
price of Firm A is py=min{(r+aQ,)va—(r+
%Qpq)vey+c,(r+0Qaq)va—(r+aQpq)v+ppstc}.  Solving
the optimization problem of Firm B yields pp,=
(—va(l4+a(1—r))+vg(1+ar)—c+p4,)/2 By substituting the
expression for pp, into Oss and comparing (r+oQ,)va—
(r+aQgq)vept+c and (r+oQay)va—(r+oQp,)ve+pg,+c in
the constraint for p,,;, we could get the equilibrium prices
and profits.

Case (ic). vg >vq and f = 0,¢ > 0.

When f = 0,c > 0, we have Uy > Ug and U; = Us. If
in equilibrium the market structure (1)(3)(2)(4)(6)(5) is
implemented, then at point r, the condition Uj(r) = U4(r)
should satisfy. Using U; > Uy and U,(r) = U4(r), we
have U; > U,. Thus, no consumers will exercise option (2)
and so the possible market structure is (1)(3)(4)(6)(5). In
this case, the condition Us(r) = U4(r) should hold at point
. Using U3 = Ug and Us(r) = Uy(r), we have Ug > Uy for
consumers on the right of point 7. Thus, no consumers will
exercise option (4). As a result, the market structure in
equilibrium is (1)(3)(6)(5).

In the setting where vz > v4 and f = 0, ¢ > 0, we obtain
the same results as shown in Sect. 5.1 in the main body.

Case (ii). vg<vy.

If vg <v,, the market structure must encompass the six
segments in the order (1)(2)(3)(4)(5)(6) from the left.

Case (iia). vg<vy and f > ¢ > 0.

When f > ¢ > 0, we have Us < Us. If in equilibrium the
market structure (1)(2)(3)(4)(5)(6) is implemented, then at
point , the condition Us(r) = Us(r) satisfies. Using
Us<Ug and Us(r) = Us(r) gives us Ug > U4, which
implies that option (4) is dominated by option (6). Thus, no
consumers will exercise option (4) and so the market
structure is (1)(2)(3)(5)(6). At point , the condition
U;(r) = Us(r) should be satisfied. Because Uz < Ug, we
have Ug > Us. Thus option (5) is dominated and so the
possible market structure is (1)(2)(3)(6). In this case,
however, the condition U;(r) = Ug(r) cannot be satisfied
because Uj < Ug. Therefore, option (3) will not be exer-
cised. Consequently, the market structure in equilibrium is
(1)(2)(6), as illustrated in Fig. 17.

In this setting, the new consumers located between 0,
and buy the add-ons from Firm B and all the old con-
sumers located on the right of continue to buy from Firm
A. In segment (2), the price of Firm B is set so that the
marginal customers located at 0, derive higher surplus
from buying the add-ons compared to the surplus derived
from either using Firm B’s free product or buy from Firm
A. These constraints are

(012 + 2Qpy)ve — ppg — f = (012 + 2Qpq)vay — f,

(012 + 0Qpa)ve — Ppa —f = (012 + 2Qua)va — Pag — f-
(76)

(75)

Thus we have pg, = min{(012 + 2Qg,)(vs — vap), (012+
0Qpa)ve — (012 + @Qsy)va + pay}. Here, 015 is obtained
by solving (012 + %Qpy)ves —f = (012 + #Qpa)Ve — Ppy —
f and Qp,; = 1 — r. Additionally, in segment (6), the price
of Firm B is set so that the marginal customers located at r
derive a weakly higher surplus from buying product A
compared to the surplus that they derive from switching to
either product offered by Firm B. These constraints are

(77)
(78)

(r + 0Qua)va — Pag > (r + 2Qpy)vay — C,
(r 4+ 0Qaq)va — Pag > (r + 2Qpy)VB — ppy — C-

Thus we get pu; = min{(r + 2Quq)va — (r + 0Qpy)ver+

¢, (r 4+ aQuq)va + ppg + ¢ — (r + aQpy)ve}-
The optimization problems of the firms are given below

maxy,, Tig = paq(l —7)

(79)
S.t. 0< 012 <r.
@ @ (6
0, r !

Fig. 17 Market structure when vg <v4 and f > ¢ >0
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max,,, Mg = pps(r —012)

(80)
s.t.  r<fOs<l1.

It is straightforward that the profit of Firm A m;, is convex
in p,,. Solving the problem of Firm B gives us the indif-
ferent point, price and profit in equilibrium below,

L1
Ppp :E(VB —vpp)(a+r—ar),
1
h=stta—a)
.1 2
Ty :Z(VB —vgp)(a+r—ar).

The equilibrium price of Firm A could also be obtained by
substituting pjy, into the constraint p,, = min{(r+
2Qaq)va — (1 + 0Qpa)vep + ¢, (r + 0Qpq)va — (r + 0Qpy)
vg + pgg +c}. Consequently, we have p},={r+c+
a(l=ryva—r(1+a)vgp,r+ct+a(l—r)va—r(14+a)vg+(vg—
vgp)(a+r—ar)/2}.

Case (iib). vg<v4 and 0 <f <c.

When 0<f <c¢, the market structure in equilibrium
could be obtained in the same way as in Case (iia). Con-
sequently, the equilibrium market structure in this case is
(1)(2)(6). Furthermore, the market outcomes in this setting
are also the same in the above setting. Hence, we rule out
the corresponding analysis here.

Case (iic). vg<v4 and f = 0,c > 0.

When f = 0,c > 0, we have Uz = Ug. If in equilibrium
the market structure (1)(2)(3)(4) (5)(6) is implemented,
then at point the condition Us(r) = U4(r) should hold.
Using U; = Ug and Us(r) = Uy(r) yields Ug > Uy for
customers on the right of point . Hence, option (4) is
dominated by option (6) and the possible market structure
is (1)(2)(3)(5)(6). In this case, using U;(r) = Us(r) at
point r and Uz = Ug, we get Ug > Us. Therefore, no
customers will choose option (5). Consequently, the equi-
librium market structure is (1)(2)(3)(6).

In the setting where vg <v4 and f = 0,¢ > 0, we could
obtain the same results as shown in Sect. 5.2 in the main
body.
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