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Highlights

This research studies the optimal pricing strategy when the firm sequentially introduces
products with trade-in program to strategic consumers.

The key to the optimal pricing strategy under trade-in is the balance between flexibility
and ex-ante commitment on pricing.

The optimal pricing strategy depends on product innovation level, salvage value, and
how strategic the consumers are.

The findings are robust and provide managerial insights for sequentially innovating firms
in industries like high-tech and fashion.
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Presence of Strategic Consumers
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Abstract: Many innovating firms use trade-in programs to encourage consumers’ repeat purchasing. They
can choose between dynamic pricing and preannounced pricing strategies to mitigate, the impacts of
consumers’ strategic behavior. This paper develops a dynamic game frameworK to explore the optimal
pricing strategy when the firm sequentially introduces new generations of products to a market populated
by strategic consumers with trade-in option offered. Results show thatsunder either pricing strategy, the
firm has an incentive to sell the old generation products to_new:consumers in the second period if the
salvage value of the old generation product is high enough."When consumers are sufficiently strategic, if
both the innovation incremental value of the new. generation product and the salvage value of the old
generation product are low enough, the firm"is better off following the preannounced pricing strategy.
Besides, as the firm becomes morefarsighted, the comparatively dominant position of preannounced
pricing over dynamic pricing disappears gradually.

Keywords: pricing strategy; trade-in program; strategic consumer; sequential innovation; market

heterogeneity

1. Introduction
Due to rapid technological and economic development, manufacturers launch new products more
frequently than before to compete in the market, especially in the high-tech industry (e.g., smartphones,

tablets and wearable devices). On the other hand, consumers have a variety of ways to obtain price and

* Corresponding author. Tel.: +86 10 62757460; Fax: +86 10 62753182; Postal Add.: Guanghua Sch Management Bldg 2,
Peking Univ, 5 Summer Palace Rd, Beijing 100871, Peoples R China.
E-mail addresses: liujingchen@pku.edu.cn (J. Liu), xinzhai@gsm.pku.edu.cn (X. Zhai), chenlh@gsm.pku.edu.cn (L.
Chen).



function predictions on new generations of products. Therefore, they are prone to wait strategically rather
than to purchase the current generation, because of precise expectations for future alternatives [3, 50]. In
addition, patrons owning the old-generation products are sometimes deterred from switching to the latest
generation [34, 51]. To encourage consumers’ repeat purchasing, many firms offer trade-in program in
different forms, under which patrons can return the old-generation product and then obtain a rebate when
purchasing a new-generation of the product [50]. For instance, in February 2016, Apple Incarelaunched the
trade-in program for their products, officially known as the “Apple Reuse and Recyeling Program” [1].
Other manufactures also provide similar trade-in programs, such as Samsung® and'Huawei-.

Pricing is a critical decision in product updating. Extant literature ‘studies pricing strategy from
different perspectives. With respect to the timing of price announcement and“pricing commitment, dynamic
pricing strategy and preannounced pricing strategy are well studied [2, 6, 10, 11]. Dynamic pricing
strategy (also called responsive pricing or contingent pricing) means that the firm decides the prices for
each period contingently, based on the realized consumer demand and other information on market and
product. Dynamic pricing is widely used in various industries, such as movie, airline, apparel, and
household electronics [5]. For instance, Amazon.com is known to adopt complex dynamic-pricing
algorithms [35]. In fast consumer electronics industry, manufacturers like Apple, Samsung, and Huawei
make pricing decisions for each generation of products dynamically. Preannounced pricing strategy (also
called price commitment or posted pricing) means that the firm determines and commits to both the current
and future“market_pfices before the selling season starts. Along the line of industry practices, there are
many applications of preannounced pricing, such as Lands’ End overstocks, Dress for Less [10], Sam’s
Club [14], and Pricetack.com [41]. For example, Sam’s Club used to follow a markdown mechanism with
preannounced prices such that the future prices at different time were listed in the website and consumers

could choose to buy later at a specific mark-down price. In the fast consumer electronics industry, Sony

1 See http://www.samsung.com/us/trade-in/ for more information.
2 See https://www.vmall.com/recycle/ for more information.




made announcements in advance that the price cut for PS4 “could be some way off” [41]. In addition,
some manufacturers preannounce the retail price of the new product to consumers through pre-ordering,
such as the advance-selling of Kindle by Amazon®. Besides, Apple presells the iPhone X and commits its
price to consumers when launching the iPhone 8. Under the assumption that consumers are myopic,
dynamic pricing strategy has more revenue potential than price commitment strategy because of its
flexibility and ability to capture consumer surplus [10, 11, 41]. Along the line of academic research,
scholars in marketing and operations areas conclude that preannounced pricing is a‘goed way to mitigate
consumers’ strategic waiting behavior, thus can even outperform dynamic pricing:under some conditions
[2, 6, 10, 11, 14, 15, 35, 41].

With trade-in program offered, which pricing strategy is better.for<the firm when consumers are
getting more strategic? In current business practices, trade-in programs co-exist with dynamic pricing more
often than preannounced pricing. In the aforementioned“examples on trade-in programs, Apple, Samsung,
and Huawei determine both the retail prices and trade-in rebate dynamically. However, firms start to use
pre-commitment in different forms as a response for more strategic consumers to encourage repurchasing.
For example, Apple launched “iPhéne Upgrade Program” online since 2016*, allowing the iPhone 7 users
to upgrade to the iPhone 8 inthe futtiré with a 50% discount by trading in the iPhone 7°. Note that when
Apple launched this program, the iPhone 8 has not been developed yet. Thus, Apple preannounced the
trade-in rebate..Given. the relatively infrequent adoption of preannounced pricing, we are interested in
finding out™ under” what circumstances the firm would be better off following preannounced
pricing/dynamic pricing strategy.

To-be more specific, this research explores (1) With trade-in program and strategic consumers, how

should a firm make price decisions for each generation of products under different pricing strategies? (2)

8 See
https://techcrunch.com/2013/09/03/amazons-next-kindle-paperwhite-outed-ahead-of-official-launch-via-amazons-own-leak/,
http://www.businessinsider.com/amazon-kindle-paperwhite-2015-6 for more information.

4 See https://www.apple.com/shop/iphone/iphone-upgrade-program/ for more information.

% The specific trade-in rebate may differ in various countries. We use the data in China as an example (see
https://www.apple.com/cn/shop/iphone/iphone-upgrade-program/).




Under what conditions is a firm better off following dynamic pricing/preannounced pricing strategy? (3)
When offering a trade-in program to strategic consumers, how do other factors impact the optimal pricing
strategy? To answer these questions, we develop a stylized model to analyze the interaction between a
monopolist firm and a population of strategic consumers in a two-period dynamic game. The monopolist
firm determines its pricing strategy before the first period, and then decides the products’ prices and
trade-in rebate in each following period. We analyze the problem from a game theoretic.perspective and
find the subgame perfect equilibrium (SPE) strategy for both the consumers and the firm.

The main findings of this research are summarized as follows. First, we characterize the subgame
perfect equilibrium between the firm and the strategic consumers. We find-that.under either pricing strategy,
the firm has an incentive to sell the old generation product to new consumers in the second period if the
salvage value of the old generation product is sufficiently high; otherwise, the firm prefers to sell the new
generation product. However, it is noteworthy that the intrinsic reasons are opposite for the two pricing
strategies. Specifically, under dynamic pricing, consumers may purchase the old generation products
instead of the new generation products if.the price-discount is big enough. However, under preannounced
pricing, consumers may wait for the price /mark-down of the old generation product if and only if the
introductory price of the newsgeneration product is relatively high. Second, we find that neither pricing
strategy dominates the ‘other when the firm sells two sequential generations of products to strategic
consumers. Specifically, when consumers are strategic enough, if both the innovation incremental value of
the new generation.product and the salvage value of the old generation product are low enough, the firm is
better_off using the preannounced pricing strategy, because commitment can reduce the cannibalization
effect. \Otherwise, dynamic pricing is more profitable, as the flexibility to adjust price dynamically gives
the firm an opportunity to better discriminate consumers when they are less strategic and there is a
sufficiently high level of innovation. Third, in launching new product, the optimal pricing strategy remains
almost invariant between dual and single rollover approaches. In addition, as the firm becomes more

farsighted, the comparatively dominant position of preannounced pricing over dynamic pricing decreases.



This research contributes to the existing literature and business practices in many ways. On the one
hand, this study brings together the literature from streams on pricing strategy, trade-in program and
strategic consumers. To the best of our knowledge, none of the existing literature has studied the value of
commitment and pricing flexibility in the situation where the firm sequentially introduces new generations
of products to strategic consumers. On the other hand, in terms of managerial implications, .this paper
provides reasonable explanations for Apple’s attempt on the new form of the trade-ingprogram with
preannounced trade-in rebate, namely, the “iPhone Upgrade Program”. As consumers beecomes more
strategic, the innovation level of new generations of products might not be significant enough to boost new
sales. According to our research, when trade-in program is offered, the*continuous adoption of dynamic
pricing strategy may hurt the firm’s revenue. Since an increasing number of firms in various industries are
offering trade-in programs for consumers, it is worthwhile_to explore the choice of pricing strategy and
hence to further improve the firms’ revenue performance:

The remainder of this paper is organized as follows. We review the related literature in Section 2.
Section 3 introduces the model. Sections,4 derives the equilibrium under the dynamic pricing and the
preannounced pricing. In Section/5, weycompare the optimal profits for the two pricing strategies to
illustrate the situations in which the firm will be better off under either pricing strategy. Section 6 extends

the model and Section 7 ¢oncludes the paper.

2. Literature Review

This study is closely related to research on pricing strategy, trade-in program, and strategic consumers.
2.1.."Research on Pricing Strategy

Before the progress of studies on strategic consumers, literature on pricing strategy in operations
management and revenue management was largely based on dynamic pricing. Nevertheless, when
consumers are strategic, dynamic pricing may deter them from purchasing early, as the strategic consumers

may incorporate their anticipation of possible future price discounts into current purchasing decisions [2,



10]. Thus, researchers have paid attention to the selection between different pricing strategies. Some have
pointed out that preannounced pricing is a good way to mitigate consumers’ strategic waiting behavior and
can even outperform dynamic pricing under some circumstances [2, 6, 10, 11, 14, 15, 35, 41]. However, by
failing to adjust prices in response to information updates on demand and products, the firm may incur
more short-term revenue loss [6]. Aviv and Pazgal [2] compare dynamic pricing strategy and
fixed-preannounced pricing strategy for a monopolist firm selling a finite inventory of product during two
periods to strategic consumers and conclude that fixed-preannounced pricing is profitable when the initial
inventory and valuation heterogeneity are high. Papanastasiou and Savvax[34]¢highlight the relative
effectiveness of preannounced pricing and responsive pricing when_ the firm_and the consumers face
quality uncertainty and social learning. Shum et al. [41] examine the “impact of cost reduction under
dynamic pricing, price commitment, and price matching strategies when cost reduction originates from
production learning or technology advances. Correa et*al. [10] propose a special case of preannounced
pricing called contingent preannounced pricing policypin’which the firm commits to a full menu of prices
corresponding to each inventory level, and find that it is more competitive than other pricing policies.
Haruvy et al. [19] analyze the impaCt. of price commitment on custom-made product. Cachon and Feldman
[6], Liu and van Ryzin [28];:and Surand Zhang [44] take into account decisions concerning inventory
capacity and ordering quantity when exploring price commitment. Their research shows that a preceding
commitment toa~price path can alleviate consumers’ strategic waiting behavior when the availability of
product in“the future is dependent on both the capacity of the firm and the purchasing behavior of other
consumers.“Several papers explore different pricing strategies, including mark-down pricing with and
without- reservations [15], subscription versus per-use pricing [8], retail-fixed-markup contract versus
price-protection contract between supplier and retailer [29,30], and price matching [23]. All the
aforementioned papers focus on the effect of different pricing strategies in the situation of one generation

of product in single or multiple periods. Our study differs from the existing literature by exploring the



situation where the firm sells sequential generations of products, with the trade-in program mitigating the
impacts of strategic waiting behavior.

2.2. Research on Trade-in Program

Trade-in programs are becoming more popular in practice, and researchers are thus paying more attention.
Van Ackere and Reyniers [47] construct a two-period model in which a monopolist firm sells the same
durable products in two periods, thus dividing consumers into two categories, holders and«-non-holders of
the product, in the second period. Under different assumptions of consumers’ rationality, they study the
impact of trade-in discounts. Ray et al. [38] study the case in which the monopolistSellsthe same product.
They develop a single-period model in which the monopolist firm adopts-price discrimination by offering
trade-in rebates to replacement consumers and charge a higher price to first-time buyers, and study three
pricing schemes. A few researchers have considered the case of a.firm selling two generations of products
where the upgraded version has a higher level of quality or innovation [17, 24]. Bala and Carr [3]
investigate the role of product improvement and ‘user upgrade costs on firms’ pricing decisions in the
computer software industry. Ferrer and Swaminathan [16], Heese et al. [20], and Shi et al. [40] examine the
effect of remanufacturing the take-back product under monopoly and duopoly competition. In view of
market heterogeneity and uncertainty, Yin and Tang [51], and Yin et al. [50] analyze a two-period dynamic
game to determine theyoptimal pricing and trade-in decisions by strategic consumers, given the
presence/absence~of‘an up-front fee. However, existing literature considering trade-in program mainly
focuses on"single rollover strategy, which is not consistent with reality. As a matter of fact, after the
introduction=of a new generation product, many firms (e.g., Apple, Samsung, and Huawei) not only
provide-trade-in price for the new generation products to their patrons, but also continue to sell older
generations of products to consumers. Therefore, given the more realistic situation with the trade-in
program and dual rollover, the research question is: what would be the optimal pricing strategy for firms in

the presence of strategic consumers? To the best of our knowledge, this paper is the first attempt to explore



optimal pricing strategy under trade-in program in the presence of strategic consumers, sequential product
innovation, and market heterogeneity.

2.3. Research on Strategic Consumers

The term “strategic consumers” has been widely used in economics, marketing, and operations to describe
the rational consumers who make purchasing decisions considering not only current but also future
purchasing options. In contrast with myopic consumers, strategic consumers will delayspurchasing in
anticipation of future price mark-downs or new product launches. Nair [33] and Livet al.,[25] provide
empirical evidence of strategic consumer behavior in video game and airline{industries. Moreover,
ignorance of strategic consumer behavior in operations management, including price and product rollover
decisions, can bring about immense losses for firms [33, 36]. A growing-amount of research on strategic
consumer behavior and its influence on firms’ decisions regarding pricing, inventory, new product
launching and timing has stemmed from seminal work by=Su [42] and Su and Zhang [44]. Shen and Su [39]
provide a prominent review of strategic consumer, behavior in revenue management and suggest future
research directions. Cachon and Swinngey. [8, 9])examine the impact of quick response capability and
enhanced product design in thefast fashion industry when facing uncertain demand and strategic
consumers. Swinney [45] and,Yu et al. [52] examine the optimal pricing strategy by taking consumers’
strategic waiting behavior. into consideration when product value is ex-ante uncertain and social learning
about product quality‘is possible. Yin et al. [49] and Whang [48] examine the effect of different inventory
display format strategies and demand learning, respectively, by using an upfront commitment pricing
policy. Mersereau and Zhang [32] study firms’ pricing decisions when facing an unknown proportion of
strategic consumers. Besbes and Lobel [5] and Lobel et al. [31] investigate new product development and
introduction decisions under pre-commitment and no-commitment strategies. Although existing literature
examines the impact of strategic consumer behavior on operational decisions from a great variety of
perspectives, none has examined the impact of consumers’ strategic purchasing behavior on trade-in

program under different pricing strategies, which is the core research question in this study.



3. Model Description

3.1. The Firm’s Problem

In the two-period model, the monopolistic firm with continuous innovation sells product V; in period 1 and
an improved version V, in period 2°. The firm follows dual rollover strategy, where V, is available for sale
at price p, in period 2 and V, is available for sale at price p; in period 1 at a discounted price p;(0 <
pa < p1) inperiod 2. Under the trade-in program, consumers who purchased V; in period 1 are allowed to
buy V, at p, — p;, where p,(0 < p, < p,) is the trade-in rebate. The firm chooses either. dynamic pricing
or preannounced pricing at the beginning of period 1. Under dynamic pricingStrategy, the firm decides p,
in period 1 and p,, ps, p; in period 2. Under preannounced pricing strategy;“the firm determines and
reveals p;, v, pq4, p: in period 1 simultaneously.

We assume that V; and V; are of the same marginal production cost, which is a common assumption
for high-tech products (e.g., Liang et al. [26], Ray et al.*[38]). Without loss of generality, we set the
marginal cost to be zero (e.g., Bala and Carr4{3], Kornish [21]). The innovation level of V; and V, are 1
and 1 + 6, respectively, where 8 (0 <.6°<y1) is’the innovation incremental value of V, compared to V;
[26]. Each returned old generation product has a salvage value s (0 < s < ) to the firm. We assume
s < 0 to guarantee the redsonability of our results and to eliminate trivial results’. Actually, s < @

implies that the salvage value of the old generation product (i.e., s) is lower than the maximum absolute

® In the context of multiple generations of products, some researchers use the multi-period model to study the game between
the firm and consumers. However, the two-period theoretical model is still widely adopted in studying product launching of
multiple generations and/or repeated purchasing, such as Liang et al. [26], Zhou et al. [53], Yin and Tang [51], and Yin et al.
[50]. Following the literature, we take two continuous generations of products as an example to investigate the intertemporal
pricing decisions facing strategic consumers. If the multi-period model is adopted, the problem may become intractable. For
example, in the multi-period model, we need to consider the price discount of new version in the third period and consumers’
rational expectation on future generations of products before purchasing the current generation, which complicate the
problem significantly. On the other hand, a two-period model is consistent with industry practice to some extent. For
example, Apple keeps only the two latest generations of products available. After releasing the iPhone 7, only the iPhone 7
and iPhone 6s can be purchased on Apple’s official website. The older versions are not available for sale any more. In this
sense, each generation of iPhone is sold for approximately two years, corresponding to our two-period model in this
research.

T «“5 < 9" is reasonable from the perspective of business practice. In order to limit the research scope on the comparison of
different pricing strategies, we do not consider the refurbishment and resale of each returned old generation. Therefore, the
salvage value of V; to the firm depends mainly on the condition of the recycled core components, e.g., mainboard, screen,
battery. Since only a part of the recycled devices are of good condition, the average salvage value is much lower than the unit
production cost of a new product, which is also quite low compared with the value for sale perceived by consumers in the
market.
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incremental value of the new generation product (i.e., 8 -1). This assumption guarantees all prices and
sales volumes in equilibrium to be both positive and reasonable. Otherwise, if s > 6, selling V, through
the trade-in program to V;-holders will not bring any monetary value to the firm, thus, the firm has no
incentive to sell V, through the trade-in program and will not offer the trade-in program. The firm is
risk-neutral and its objective is to maximize the two-period total profit from two generations of products.
To simplify the analysis, we assume the firm has ample capacity? to meet consumers’ demand'for both
generations of products, which is reasonable for software and electronics industries [3,50, 51]-In addition,
similar to some recent literature [50-53], this assumption also helps us to focus on/the impact of different
pricing strategy.

3.2. The Consumer’s Problem

Consumers are heterogeneous in valuation. In period 1 and 2, the\consumer’s valuation for using V; is vy,
which follows a [0, 1] uniform distribution [3, 53]. In petiod 2, the consumer’s valuation for V, depends on
not only its valuation for V; but also the innovation, level 'of V,, which is (1 + 8)v,. All consumers arrive
in period 1. Without loss of generality, we.normalize the potential market size to 1.

Consumers are strategic in making purchasing decisions to maximize the two-period total surplus.
Consumer’s surplus in period 2 will bediscounted by 6 (0 < § < 1). In our model, § captures not only
the opportunity cost of pestponed purchasing [21, 47], but also how strategic consumers are, i.e., § =0
represents myopic.consumers (e.g., Cachon and Swinney [8], Papanastasiou and Savva [35], Shum et al.
[41], Swinney [45])<'Note that even when § = 0 (i.e., all customers are myopic), there will still be some

consumers ‘who purchase the new generation product in the second period. For instance, the high-end

8 Limited inventory and price uncertainty are both important factors when modeling strategic consumers. According to a
review by Gonsch et al. [18] on strategic consumers, nearly 30% of research papers along this line assume infinite capacity,
among which some quite recent papers, including Shum et al. [41], Papanastasiou and Savva [35], Yu et al. [52], Yin et al.
[50], Zhou et al. [53], and Yin and Tang [51]. In this research, we focus on the impact of different pricing strategies by
minimizing the influence of other factors, thus we assume the firm has ample capacity for both generations of products. This
simplification is consistent with business practice in Apple, Samsung, and Huawei, etc., as inventory scarcity of old
generation products after the introduction of new product is rarely seen. In addition, the assumption of ample capacity makes
our optimization problems tractable. It is worth noting that in the extant literature considering limited inventory and strategic
consumers, generally, the consumers’ heterogeneity in valuation is presumed to follow a two-point distribution, i.e., either
Vy or V.. However, since we assume consumers’ valuation follows a uniform distribution, the combination with limited
inventory significantly increases the complexity of the problem and leads to intractability (e.g., Krishnan and Ramachandran

[22]).
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consumers may find replacing V; to V, more attractive due to the innovation improvement. Our results are
applicable for any value of & within [0, 1], including two extreme cases § =0 and 6 = 1.

In this study, each consumer can purchase at most one unit of the same generation of product at any
given time and no secondary market is available. We model a two-period dynamic game between the firm
and a potential consumer with complete information, i.e., all of the parameters above are common
knowledge, including the innovation incremental value of V, over V3, salvage value of V.45 how strategic
consumers are, market size and marginal production cost of both V; and V,. Theureason  behind the
assumption of complete information is threefold. First, from the perspective of.business practice, after the
rollover of several generations of products, consumers get more familiar with_product innovation level.
Meanwhile, websites like MacRumors.com® and Decide.com™ offer-helpftl forecasting information on
new products. For example, on September 12 2017, Apple_ officially launched the iPhone 8 and iPhone X.
However, long before this launch, consumers are able tosfind out the new properties and functions of the
iPhone 8 and iPhone X through “Buyer’s Guide” on'MacRumors.com™. Similar things happen for other
electronic products such as MacBook, iPod and Apple Watch. Second, from the literature perspective, the
assumption of complete information on the inhovation level of new generation product in the first period is
adopted by some recent papers in exploring operational strategy in the context of sequential innovation,
such as Liang et al.”[26], Krishnan and Ramachandran [22]. Third, we incorporate the complete
information assumption to better focus on the impact of different pricing strategies. The notation used in
this paper”is summiarized in Table 1, where superscripts ‘D’ and ‘P’ denote dynamic pricing and
preannounced-pricing, respectively.

Table 1 Summary of Notations

Notation Meaning

(7} Innovation incremental value of V, over V;

% See https://www.macrumors.com/for more information.
10 See http://www.decide.com/for more information. While, it has been acquired by eBay.
11 See https://buyersquide.macrumors.com/#iPhone for more information.
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s Salvage value of V;

6 How strategic consumers are
21 Consumer’s valuation of using V;
pt. Price of \V/; in period 1
p?. v} Price of \V, in period 2
p?. vf Trade-in rebate in period 2
pg, pﬂ Mark-down price of V, in period 2
qi. 9 Demand of Vy in period 1
4z, 5 Demand of V, from new consumer.in period 2
q?. qf Demand of V, from/trade=in consumer in period 2
q3, 45 Demand of V4 in period 2

4. Equilibrium Analysis under Different Pricing Strategies

In this section, we analyze the game betweenithe firm and strategic consumers under both dynamic pricing
strategy and preannounced pricing, strategy:

4.1. Dynamic Pricing‘Strategy

The sequence of events under dynamic pricing is summarized in Figure 1. Following Dhebar [12],
consumers are/capable of developing an expectation of the price in the second period when making their
purchase'decisions. Before period 1 starts, the firm announces its pricing strategy and then specifies p; in
period“xand p,, pg, pe in period 2. Because consumers with higher valuation will purchase earlier, we
suppose that a consumer with a valuation higher than the threshold value 7P purchases V; in period 1, and
a consumer with a valuation lower than 72 chooses to wait. Then, in period 2, consumers are divided into
two categories, Vi-holders and non-V;-holders. The Vi-holders determine whether to trade-in V; for V,

(the corresponding second-period surplus is (1 + 6)v; — p, + p;) or to keep using V; (the corresponding

13



second-period surplus is v;). The non-V;-holders determine whether to purchase V; at a discounted price
(the corresponding second-period surplus is v; —py) or to purchase V, at the regular price (the
corresponding second-period surplus is (1 + 6)v,; — p,). Note that we do not consider the discount for the
second-period surplus here, as the consumers are facing only the second-period decision now. Since the
first-period choice has already been made, the first-period surplus can be regarded as a “sunk” surplus for
consumers, which will not influence the second-period decision. Take the V;-holders for.example. In the
second period, they are facing trade-in-or-keeping decision. Since all V;-holders share a same form of
first-period surplus, i.e., v; — p,, their overall surpluses are either v, — p; +.8((0F v, — p, + p;) for
trade-in for V, or v; —p; + &6(v,) for keeping V;. Thereby, whether-or not to.consider the first-period
surplus and the discount will not change the second-period decision of, the-V;-holders. Things are similar
for the non-V;-holders.

Comparing the second-period consumer surplus, wescan obtain their purchasing decision in period 2
straightforwardly. Specifically, the V;-holders with'a valuation higher than the threshold value 72 choose
to trade-in Vy for V,, and the others will keep using'V;. As for the non-V-holders, there are two cases with
respect to their choice. In case I(1), they prefer V(V1) much more, hence the non-Vi-holders with a
valuation between 72 and #%. will purchase V,(V1) and the non-V;-holders with a valuation between 2
and 72 will purchase”V(V,), while those with a valuation lower than 72 will buy nothing. After

formulating the ¢onsumer’s second-period indifferent conditions, we obtain the thresholds in Table 2.

| Period 1 | Period 2 |
I I |
Announces
. the pricing .
Firm strategy Decides P1 Decides P2; Pa, Pt
) l 1 l | >
T Time
C Make first Make second
onsumers period purchase period purchase
decision /trade-in decision

Figure 1 Sequence of Events under Dynamic Pricing
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Table 2 Definition and Value of Thresholds under Dynamic Pricing

Case | Case Il
In which In which
Indifference point between Value Indifference point between Value
period period
Trade-in purchasing V, and py—1 Trade-in purchasing V, and Py =1
5 Period 2 % Period 2 %
using V; for V-holders using V for V-holders
Purchasing V, and V, for Purchasing V, and V, for
D . P2 — Pa . P2 — Pa
T3 Period 2 — Period 2 .
non-V;-holders non-V;-holders
Purchasing V; and nothing Purchasing V, and nothing:for,
D . . D2
Ty Period 2 Pa Period 2 1+0
for non-V-holders non-V;-holders

We follow backward induction to obtain the subgame perfect equilibrium. Denote II, as the firm’s

second-period profit. The firm’s second-period pricing problem is

maxy, p,pg 2 = P29z + (P35 Pe + 5)q: + Pada 1)
s.t.0< g, <T~q 2
0<qg<1-q (3)

QoA qu<1l-q (4)

0<q <q 5)

0<p:<p; (6)

0<ps=p @

Constraints (2)-(4) guarantee that only the non-Vi-holders buy V, at p, or buy V;at p; in period 2.
Constraint'(5) guarantees only the V-holders can trade-in V for V,. Since the firm’s objective function is

jointly concave in p,, p;, and py, the optimal pricing decisions are guaranteed, which are the same under

D D_rg_
case | and Il with p; = (1+§)T1, pi = —(1+9)112 ©=9)

L4

,and p; = -5

In period 1, the strategic consumer determines whether to purchase or wait in anticipation of the

firm’s second-period best response function. In equilibrium, the consumer with valuation =P is indifferent
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between purchasing V; and waiting in period 1. That is to say, in case I, the total consumer surplus for both
periods satisfies 0 + §((1 + 8)tP —p;) = (¥ — p;) + 8(xP); in case Il, the total consumer surplus for
both periods satisfies 0 + §(zf — p;;) = (t? — p1) + 8(zP). One may wonder whether the high-valuation
customers have the incentive to wait in order to earn a higher surplus when the innovation incremental
value @ is sufficiently high. In fact, no matter what value 8 takes, a high-valuation customer will never
wait instead of purchasing immediately in the first period. Consider a consumer with any valuation
v; € [p1, 1], the total surplus of waiting for V; is 0 + §((1 + 6)v; — p,), where theyfirstipart 0 is the
surplus in the first period due to no purchasing, and the second part (1 +.8)vy~ p, is the surplus of
purchasing V,, which is discounted by &. However, the customer can easilysimprove her total surplus by
purchasing V; in the first period, and then trade-in for V, in the second”period with the total surplus
v;—p1+6((1+60)v, —p, +p;), Since vy —p; + 6((1 + v, —p, + pt) >0+5((1+0)v; —py)
always holds.

The firm chooses p; to maximize its total profit,I1”over two periods. The firm’s first-period pricing

problem is
maxplL= p;q, + 115 8
0<p, <1 (10)

where TI; is thexfirm’s equilibrium profit in period 2. Constraints (9) and (10) ensure the first-period
guantity and price,aré nonnegative and reasonable.
Proposition=17 Under dynamic pricing strategy, with dual rollover and trade-in program, there exists a

unique,subgame perfect equilibrium.

p _ (6-5)(2+6-86) p _ (6-5)(1+6) p _ (6-)(1-6) p _6-s p _ B+s
(1) In case I, pp =T P2 =g Pt 40 » Pa =5 @

O+s
D D _ D _
5 £ =—and g7 =0.

q 26

_ 9=
=20 4

16



__ (0-5)(2+9) D (6-s)(1+6) D (6-s)(1-6) p _ 6-s D O+s D _
2 18 t — 10 1 2 7 W

(2) In case II, pf_T,p = P E e P = A =55 4
p _ 9*s D _ 9=
qt—ze’andqd_w'

1-28)6 . . .
¢ +2; ; otherwise, case Il is optimal.

(3) Itis optimal for the firm to choose case I if and only if s <
Because q? = gP in both cases, Proposition 1 implies that the V;-holders will purchase V, through
trade-in program in period 2 in either case. The non-V;-holders purchase V, at p? in case | while
purchase V; at pZ in case Il. The difference between two cases lies in the relative priceosition of V; and
V; (i.e., which generation is charged at a higher price). Although p? > p2 holds for bothicases, in case II,
the difference between pP and p? decreases at a slower pace with the increase of-6, which makes the
price discount in V; more attractive in period 2. The firm is better off.in.case I if and only if the salvage
value of V; is small enough. The intuition behind this is that a high salvage value means that selling more
V, generates more profit. The firm can thus obtain a higher_profit-in case I, because it sells more V; in
total.

Table 3 Sensitivity Analysis of Equilibrium:Demand, Profit, and Price under Dynamic Pricing

a? az a? qaq n’ pi p? P’ pa

0 l T ) - T T then ! T T then ! T

Case | s T ! T - T then | l l l l
§ # - - - 1 ) - - -

0 l - l T T T T T then 1 T

Case Il s T - T l T then | l l l l
§ - - - - ) ) - - -

Table 3 summarizes the results of a sensitivity analysis on equilibrium demand, profit, and price with
respect to 6, s and & under dynamic pricing strategy. From Table 3, we see that the impacts of
parameters on demands q? and gP are the same in Cases I and Il. Specifically, in both cases, demands

q? and gP decrease in the innovation incremental value @, increase in the salvage value s, and are

17



independent of how strategic the consumers are. The intuition behind this is that all the V;-holders choose
to trade-in V; for V. Note that demand g5 in Case | and demand g2 in Case 1l do not change in any of
these parameters. That is because in Case I(Il), the price discount of Vy(the introduction of V) is less
attractive to non-Vi-holders, leading to no purchase of V(V,) from the non-V;-holders. As for the total
profit T2, in both cases, the more innovative the new product is, and/or the more strategic consumers are,
the higher profit the firm obtains. However, the impact of the salvage value s on the total profit I1° is
bell-shaped. Thus, the excessive salvage value for the old product may hurt the firm’s total profit, since the
firm has a strong incentive to lower the price in order to encourage the repeat.purchasing consumer base
through trade-in, resulting in a low profit margin. It is also important to, investigate the impacts of
parameters on prices, because strategic consumers take the firm’s second=period pricing decisions into
consideration when making decisions (see Table 3). It is_interesting to note that as the salvage value s
increases, all the prices p?, p2, pP, and p5 decrease'in,both cases. The intuition behind this is that the
high salvage value makes the trade-in program more‘attractive for the firm to lower the price, especially
when all the V;-holders will trade-in V; for.V, in eguilibria.

4.2. Preannounced Pricing Strategy

The sequence of events under,preannounced pricing is summarized in Figure 2. Before the beginning of
period 1, the firm annoUnces its pricing strategy, and then reveals all price decisions including p;, P2, P4,
py in period 1,The strategic consumer makes a purchasing decision in period 1 to maximize her total
surplus intwo periods considering future options, i.e., u = max{uy, u,, Us, Uy, us}, Where u;(i = 1,...,5)
represents “econsumer surplus corresponding to the five purchasing options for strategic consumer

summarized in Table 4.
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1 Period 1 | Period 2 I

Announces
Firm the pricing Decides p1, Pz, Pas P
strategy
} l 1 | >
T Time
Make first Make second
Consumers . hac : e
period purchase period purchase
decision /trade-in decision
Figure 2 Sequence of Events under Preannounced Pricing
Table 4 Purchasing Options for Consumers and the Corresponding Total Surplus
Notation Purchase Option Consumer Surplus
NN Buy nothing in either period u; =0
NV, Buy nothing in period 1 and buy V; in period 2 u, =0+6(w; —pg)
NV, Buy nothing in period 1 and buy V, in period 2 u; =04+ 6((1 +0)vy —py)
VN Buy V; in period 1 and nothing in period 2 Uy = (W, —p) +6(vy)
ViV, Buy V; in period 1 and trade-infor V, in period 2 us =W, —p) +6((1 + vy —py, +pp)

Lemma 1 summarizes the consumet’s strategic optimal purchasing decisions by segmentation.
Lemma 1. Under preannounced pricing strategy, with dual rollover and trade-in program, the consumer’s
optimal purchasing strategies with respect to different values of v, are as follows.

(1) When-v; €10, 77, it is optimal for the consumer to follow the NN strategy.

(2) When wy€ [tF,7]], it is optimal for the consumer to follow the NV strategy.

(3) When v, € [t£,7F], itis optimal for the consumer to follow the NV, strategy.

(4y When v, € [t£,7}], itis optimal for the consumer to follow the V/;N strategy.

(5) When v, € [t£, 1], it is optimal for the consumer to follow the V,V, strategy.
The five consumer segments constitute a mutually exclusive and complete interval of v;. According to
Figure 3, the above four thresholds =¥, ¥, zF, and 7§ depend on the relative price position of two

generations of products in price skimming and penetration pricing. In price skimming, the firm charges a
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higher price for V4, which is oriented to high-end consumers, than V5, which is sold to relatively low-end
consumers. In penetration pricing, the firm sets V; aiming to appeal to a wider consumer base with a more
attractive price than V, (Besanko and Winston [4], Krishnan and Ramachandran [22]). Specifically, if the
firm chooses price skimming, all the five consumer segments exist, if the firm chooses penetrating pricing,
only four of the five segments exist, because NV, is weakly dominated by ViN. We solve the above four

thresholds using the consumer’s indifferent conditions and summarize the results in Table 5.

Consumer Surplus Consumer Surplus
A A
? T] 0 NN 7 NV, T;3 w % ovv, 1 i
I I 1 I I 1
(@) Price Skimming (p; > 6p,) (b) Penetration Pricing (p; < 6p,)

Figure 3 Consumer:Segmentation under Preannounced Pricing

Table 5 Definition and Value of Thresholds under Preannounced Pricing

Price Skimming Penetration Pricing
In which In which
Indifference pointbetween Value Indifference point between Value
period period
Purchasing V; and nothing Purchasing V; and nothing for
124 Period 2 Da Period 2 Da
fornon-V,-holders non-Vi-holders

Purchasing V; and V, for

s Period 2 % N.A. N.A. N.A.
non-V,-holders
Purchasing V; and waiting Purchasing V, and waiting for
P . p1— 6p; -
T35 Period 1 50 Period1 p, —6pg
for the introduction of V, - the discount of V;
P | Trade-in purchasingV,and ~ Period2 2Pt | Trade-inpurchasingV,and  Period2 2Pt
Ty rade-in purchasing V; an erio 5 rade-in purchasing V, an erio e
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using V; for V;-holders using V; for V;-holders

Under preannounced pricing strategy, the firm’s problem is

Maxy, p,pepg 1 = P1q1 + P2q2 + (P2 — Pe + 5)q; + Pada (11)
s.t.0<q, <1 (12)

0<p; £1 (13)

0<q,<1-¢q (14)

0<qa<1l-q (15)

G2tqa=1-—q (16)

0<q <qq (17)

0<p <p, (18)

0<ps<p (19)

py > 8p, or p; ' Sép, (20)

Constraints (14)-(16) guarantee that only those who do not own V; can buy V; at p, or buy Viat p; in
period 2. Constraint (17) guarantees-that,only those who purchased V; in period 1 can trade-in V; for V.
Constraint (20) is the inequality defining price skimming or penetration pricing. Specifically, p, > 6p,
represents price skimming, while ‘p; < ép, represents penetration pricing.

Proposition 2. Under/preannounced pricing strategy, with dual rollover and trade-in program, there exists

a unique subgame perfect equilibrium.

; L p _ 2(1-86) p_ (1+6)(1-80) _p _ 2—(1+8)0+(1-8)02+5(3-5-6-56)
(1) Mwprice skimming, py = =525, P2 = 55 g5 0 Pt = 2(3-6-6-56) ’
p__ 1-86 p_ 10 p_ 16 p_ 10 P
Pa =355 750 N1 T 355 660" 912 T 3 5-0-s0' 1t T 3 5_9-s6" and qg = 0.
- ici P__2 p__2 p__2 __le_ p__t p__1
(2) In penetration pricing, p; = 75 P2 = Gos Pt = Gy 2(6 S), pg = s U=
P=0, gf =-= and qf = =2
qZ ' qt 3-¢§' qd 3-§"
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(3) Price skimming is optimal for the firm if and only if s <1 — 6§ — 6; otherwise, penetration
pricing is optimal.

Since ¢qf = gf in both case I and 11, Proposition 2 implies that the \V;-holders will trade-in to purchase V;
for V, in period 2 in either case. The main difference between price skimming and penetration pricing lies
in the second-period choice of non-Vi-holders. In price skimming, the firm charges a higher price for V,
compared with V5; thus, non-V,-holders would like to purchase V, instead of V. In contrast; in penetration
pricing, non-V;-holders would like to purchase V; at the discounted price p5. The,firmyis better off
following price skimming if and only if the salvage value of V; is sufficiently small:

No matter which pricing strategy is adopted, the firm can segment consumers in the market by
manipulating the price of two generations of products. Under _either, pricing strategy, the firm has an
incentive to sell the old generation products instead of the new to.the non-V;-holders in the second period
if the salvage value is sufficiently high; otherwise, the firm.prefers selling the new generation products. It
is noteworthy that the intrinsic reasons are opposite for. the two pricing strategies. Under dynamic pricing,
p? > p? always holds, while under preannounced-pricing, p¥ > pf holds when the firm chooses to sell
V, in the second period, i.e., the price skimming. In addition, under dynamic pricing, if the introductory
price of the old generation product is"not that high, no consumers would purchase the old generation
products in the secondy period because the price discount seems less attractive. However, under
preannounced pricing, because all prices are determined simultaneously prior to the selling season,
consumers”make,their purchase-or-wait decision in the first period. As a result, they wait for the price
mark-downof the old generation product if and only if the introductory price of the new generation
product-is high.

Table 6 Sensitivity Analysis of Equilibrium Demand, Profit, and Price under Preannounced Pricing

py vt ph

Price 0 l T l — T then | ) ) | then T T
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Skimming s - - - - T - - T -

1) T l T — T T T T T
0 - — - — T - - l —
Penetration
s - - - - T - - T -
Pricing
1) T - T ) T T l l T

Table 6 summarizes the results of a sensitivity analysis of equilibrium demand, profit,=and price with
respect to 6, s and & under preannounced pricing strategy. It’s noteworthy “that the~impacts of
parameters are quite different in two cases, i.e., price skimming and penetration pricing. Recall that in the
above analysis for dynamic pricing strategy, we found that the impacts of-parameters are similar in Cases |
and 1I, which illustrates a significant distinction between twao. pricing “strategies. Take the innovation
incremental value as an example. Note that the demands do.not change with 8 in the case of penetration
pricing. That is because in penetration pricing, the newsproduct V, is out of the consideration for the
non-Vi-holders, while the Vi-holders always_choose:to ‘trade-in V; for V, regardless of the innovation
incremental value. Besides, given the coexistencejof the trade-in program and price pre-commitment, the
relative price of the two generations of preducts remain unchanged (i.e., which generation is charged at a
higher price), hence the salvage value s has no impact on the equilibrium demands. As for the prices, it is
interesting to note that in/penetration pricing & has no impact on pf, pZ, or pf, but has a positive
impact on pf. Jataddition; the firm only needs to guarantee all the \;-holders are willing to trade-in V; for
V, in the-Second.period as the change of s, which is why pf increases in s. Besides, concerning the
consumers” Strategic behavior, as § increases, p5 and pf increase in price skimming while decrease in

penetration pricing.
5. Comparison of Different Pricing Strategies

In this section, we compare the difference between dynamic pricing and preannounced pricing.

Table 7 Comparison of Dynamic Pricing and Preannounced Pricing
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V, Introduction V, Introduction V, Trade-in V, Discount

Price pP < pP p? <p} pe <pf Pq <pgq
Quantity q? >qf q% < qf af > qf ad < ag
o 0(1-35+0+50) e . 6(35-1) . o
~isiores <5< 1-6-0 if s > max{ 3 ,1-6 -6}

Table 7 summarizes the comparison results on price and quantity between dynamic pricing and
preannounced pricing. Compared with dynamic pricing, preannounced pricing strategy always leads to
higher prices (and higher trade-in rebate) for both generations of products in both_periods. With respect to
the volumes of sale, things are much more complicated. Surprisingly, compared ‘with dynamic pricing,
though the price is even higher (i.e., p? <p?), the second period. demand generated from the
non-V;-holders under preannounced pricing is sometimes higher_than\that under dynamic pricing (i.e.,
q? < q%). Moreover, the demand for V; in period 2 from~the-non-Vi-holders is also higher under
preannounced pricing (i.e., g2 < ¢F), even though the discounted price is higher (i.e., p2 < pf). The
dynamic pricing strategy, in contrast, brings about higher demands for V; in period 1 (i.e., g? > qf) and
more demands for trade-in to buy V, (i.€., g2 > gf) in period 2, because there is more flexibility to attract
consumers to the main product in®ach-period.

We compare the firm’s\expected profits to study the optimal pricing strategy for the firm when selling
sequential generations: of ‘products with the trade-in program. Proposition 3 and Figure 4 elaborate the
optimal pricing strategy;” where the 8-axis is the innovation incremental value of V, over V; and the
s-axis isthe salvage value of V.

Proposition 3. In the case of dual rollover with trade-in program, there exists a threshold T, (6) € (0,1)
such that if s < T;(6), the firm will be better off following dynamic pricing strategy; otherwise, the firm

is better off following preannounced pricing strategy.
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Figure 4 Optimal Pricing Strategy under Dual Rollover with{Trade-in Program
Figure 4 demonstrates the optimal pricing strategy under dual rollover with the trade-in program for
different levels of strategic consumers Interestingly, neither“preannounced pricing nor dynamic pricing
dominates the other. In particular, when both the innovation_incremental value and salvage value are
sufficiently high, it is more profitable for the firmto,choase dynamic pricing; otherwise, it is better for the
firm to choose preannounced pricing. It is worth_noting that the optimal region of preannounced pricing
becomes larger as consumers become more farsighted. Intuitively, with a high-level innovation, the new
generation products entice not.only‘low-end consumers to buy V; in period 2, but also high-end consumers
to buy V; in period 1,/because they can purchase V, with a trade-in rebate. Moreover, the flexibility
provided by dynamic pricing can offer significant advantages to the firm, enabling it to adjust
second-period prices to obtain higher demand. That is why dynamic pricing can bring more profit in such
situations. In contrast, with a low-level innovation, the new generation products become less attractive to
consumers. Under dynamic pricing, consumers may strategically wait for V; to be discounted instead of
purchasing V,, which decreases not only the consumer base in period 1, i.e., the Vi-holders, but also the
demand for V, in period 2 from the non-Vi-holders. Therefore, the firm cannot attract consumers to
compensate for the low profit margin in dynamic pricing because of the competition within the two

generations of products. However, because the firm can commit to not offering a deep price cut for Vyin
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period 2 under preannounced pricing, V, becomes more attractive in the second period. Furthermore, the

firm can also extract more surplus through the high margin from a larger consumer base because of

consumers’ delay in purchasing. Consequently, preannounced pricing is optimal for the high profit margin

in both periods and the relative attractiveness of product in the second period as well.
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Figure 7 Impacts of Strategic Consumers on Profit under Dynamic Pricing and Preannounced
Pricing
It is also important to discuss how the firm’s profit changes as the three important parameters (i.e., the
innovation incremental value of V, over Vy, the salvage value of V,, and how strategic consumers are)
change (Figures 5-7). We use § = 0.8, 0.4, 0 to represent that consumers are high strategic, less strategic

and myopic, respectively. 8 = 0.8 (0.4) indicates that the new version has a high (low) level of
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innovation. To make the numerical analysis reasonable, we set s = 0.2, which satisfies our assumption
s < 6. As shown in Figure 5(a), when consumers are strategic enough, preannounced pricing dominates
dynamic pricing regardless of the other two parameters. However, from Figures 5(b)-(c), we can see that as
consumers become less strategic and the firm is better off under dynamic pricing when the innovation
incremental value of the new generation product is high enough. In addition, compared with preannounced
pricing, the firm’s profit under dynamic pricing is more sensitive to the change ofwmew product’s
innovation incremental value. According to Figure 6, there is an interaction between the innovation
incremental value and the salvage value, such that the relationship between the fitm’s total profit and the
salvage value completely reverses with the change in the level of inpovation _increment under dynamic
pricing. Under preannounced pricing, however, the firm’s profit continuously increases as the salvage
value increases, regardless of the innovation incremental _valuex Moreover, the optimal pricing strategy
changes significantly with the level of innovation for thesnew generation product, such that either pricing
strategy can be optimal under high-level innovation; while preannounced pricing is much better than
dynamic pricing under low-level innovation. Figure 7 reveals that the firm can benefit more from

consumers’ increasingly strategic behavior.under high-level innovation than under low-level innovation.

6. Extensions

In this section, we examine how the results change if some of the assumptions in our base model are
relaxed. We follow thesnhotation used in the base model and do not differentiate the symbols across
different/extensions. First, we extend our analysis to the case of single rollover, to test if the optimal
pricingstrategy retains invariant. We, then, study the case when the firm discounts the second-period profit
in making decisions.

6.1. Single Rollover with Trade-in Program

In launching new products, some firms follow a dual rollover strategy, i.e., keeping the old products on the

shelf at a mark-down price after launching the new ones, like Apple and Samsung. Others follow a single
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rollover strategy, i.e., phasing out the old products as soon as the new ones are introduced, like Zara and
H&M [27, 53]. Our above analyses provide insights into the profitability of preannounced pricing under
dual rollover strategy with trade-in program in some conditions. Nevertheless, if a firm follows single
rollover strategy, would this finding still hold? We thus derive the equilibria under both pricing strategies
under single rollover with trade-in program. Since the analysis are almost the same as in Section 4, we
omit them for the sake of brevity (refer to the detailed proof in Appendix I).

Proposition 4. Under dynamic pricing strategy, with single rollover and trade-in program, there exists a

unique subgame perfect equilibrium with pf):w, p§=w, pé):W,
p_0+s p_0-s p _ 9ts
i =2 92 = ze’and qc = 55~

Proposition 5. Under preannounced pricing strategy, with single rollover and trade-in program, there

exists a unique subgame perfect equilibrium.

. o p _ 2(1-56) p _\(1%0)(1-66) p _ 2—(1+8)0+(1-8)6%+5(3—6—0-56)
(1) In price skimming, py = === » P2 = 575 559 * Pt = 2(3-6-6-66) ’
p_  1-0 p__ 1-6 p L 1-0
1 =355 960 12 T 355 900" N 3-6-6-66
(2) In penetration pricing, p? £ 1+ py =1 pf =1l§—1(9—s), ¢’ =2 ¢ =0, and
2 26 26 2 2
p_1
a =3

(3) Price skimming is) optimal for the firm if and only if s <1 — 6 — 6; otherwise, penetration
pricing is‘optimal,

Given propositions 4 /and 5, we see that the equilibria under single rollover with trade-in program is quite
different'compared with those under dual rollover, except for the case of price skimming, in which dual
rollover degenerates into single rollover. Additionally, if the firm chooses dynamic pricing strategy, there is
only one case under single rollover, whereas there are two cases under dual rollover. This difference is due
to the fact that the relationship p? > p2 holds for both cases in the equilibrium of dynamic pricing. While,
note that pf > pf only holds in part of the cases in the equilibrium of preannounced pricing (i.e., price

skimming). Next, we compare the firm’s expected profits to obtain the optimal pricing strategy under

29



single rollover with trade-in program. Proposition 6 describes the optimal pricing strategy, which is also
illustrated in Figure 8.

Proposition 6. In the case of single rollover with trade-in program, there exists a threshold T,(6) € (0,1)
such that if s < T,(8), the firm is better off following dynamic pricing strategy; otherwise, the firm is

better off following preannounced pricing strategy.
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Figure 8 Optimal Pricing Strategy under Single Rollover with Trade-in Program
Comparing Figure 8 with Figure 4, itisieasy to find that the optimal pricing strategy stays almost invariant,
which is also a threshold poliey-for.the firm, depending on the relative innovation increment of the new
generation product and the salvage'value of the old generation product. Dynamic pricing is more profitable
for the firm when-the innovation incremental value is sufficiently high. However, there is little difference
between the boundary values. The optimal zone for preannounced pricing under single rollover is slightly
larger than that under dual rollover.

6.2. \Firm’s Discount Factor

We now investigate the case when the firm discounts the second-period profit when making decisions.
Denote B (0 < B < 1) as the firm’s discount factor, which can also be regarded as how farsighted the
firm is [41]. Note that in this case, there are many exogenous parameters that it is hard to obtain the rule of

closed-form comparison between dynamic pricing and preannounced pricing. Therefore, we investigate the
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impact of firm’s discounted factor via numerical study (refer to Appendix Il for the Equilibrium Analysis
for this section). For the basic settings, we consider the situations with g € [0,0.2,0.4,0.6,0.8,1.0],
6 €]0,0.2,04,0.6,0.8,1.0], 8 €[0.4,0.7,1.0], and s € [0.1,0.2,0.3]. Hence, there are 324 scenarios in
total. Note that 8 = 0,0.2,0.4,0.6,0.8,1.0 represent the firm’s shift from being myopic to less farsighted
and then to more farsighted. Table 8 demonstrates the percentage of scenarios under which either pricing
strategy is optimal.

Table 8 Percentage of Scenarios under which either Pricing Strategy is Optimal

Dynamic Pricing (%) Preannounced Pricing (%) Total (%)
B=0 0.00 100.00 100.00
B=0.2 16.67 83.33 100.00
B=0.4 27.78 72.22 100.00
p=0.6 44.44 55.56 100.00
B=0.8 62.96 37.04 100.00
B=10 85.19 14.81 100.00
Total 39.51 60.49 100.00

Table 8 shows the firm’s rationality also influence the choice of the optimal pricing strategy significantly.
Generally speaking, as” Buyincreases, i.e., as the firm becomes more farsighted, the percentage of scenarios
where dynamic.pricing, is/optimal increases, while that of preannounced pricing decreases. To be specific,
when g =0, the.firm will absolutely choose preannounced pricing, although in reality it is almost
impaossible for a firm to ignore future revenue. We include this special case in our analysis for not only the
completeness of description, but also to understand why the percentage of scenarios where dynamic
pricing is optimal increases when the firm becomes more farsighted. In this case, the preannounced pricing
is more profitable since the firm sets all prices in advance in order to optimize the expected profits of two
periods. By contrast, under dynamic pricing, since the firm sets the prices for each period sequentially in

the corresponding period, the price optimization in the second period will inevitably influence the firm’s
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revenue in the first period, leading to an inferior performance of dynamic pricing. When g = 0.2,0.4, 0.6,
dynamic pricing becomes optimal in some scenarios, even though the proportion is less than that of
preannounced pricing. The intuition behind that is as the firm becomes more farsighted, the second-period
profit weighs more to the firm. Thus, the firm needs to balance the profitability of the flexibility of
dynamic pricing and the ex-ante commitment of preannounced pricing, especially in response to strategic
consumers. While, when g = 0.8,1.0, compared with preannounced pricing, dynamic_pricinguis more
often to be optimal for the firm. The intuition is that as the firm weighs more on future profit,the flexibility

provided by dynamic pricing looks more attractive and brings in more potentiak.future profits to the firm.

7. Conclusion

In this paper, we study the impacts of the trade-in program and strategic consumer behavior on firms’
pricing strategy and profit when the firm sells two sequential=generations of products. To answer this
question, we develop a stylized model to explore the strategic interplay between a monopolist firm and a
population of strategic consumers. In the two-period model, a monopolist firm determines its pricing
strategy prior to period 1, and then decidesithe prices and trade-in rebate in each period. Following the
backward induction, we derive the joptimal pricing strategy and the firm’s corresponding profit. The
trade-off lies in the selection of pricing flexibility or an ex-ante commitment toward consumers. In addition
to the optimal pricing-strategy obtained under dual rollover, we also extend our model by incorporating
single rolloversand firm’s’discount factor to test whether our main findings are robust.

Ourresults are summarized as follows. First of all, no matter which pricing strategy is adopted, the
firm\iswable to realize different consumer segmentations by setting the relative price position of two
generations of products (i.e., which generation is charged at a higher price). In the second period, the
non-Vi-holders can be forced to purchase either the old or the new product by the firm’s pricing decision.
Specifically, under either pricing strategy, the firm has an incentive to sell the old generation products

instead of the new to the non-V;-holders in the second period if the salvage value is sufficiently high;
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otherwise, the firm prefers to sell the new product. It is noteworthy that the intrinsic reasons are opposite
for the two pricing strategies. Specifically, under dynamic pricing, if the introductory price of the old
generation product is not too high, no consumers would purchase the old generation products in the second
period because the price discount seems to be less attractive. In other words, the non-V;-holders may
purchase the old instead of the new generation product if the price discount is large enough. However,
under preannounced pricing, since all prices are determined simultaneously before thesselling,season,
consumers make a purchase-or-wait decision in the first period. As a result, consumers will,wait for the
price mark-down of the old generation product if and only if the introductorysprice of the new generation
product is relatively high.

Second, neither pricing strategy consistently dominates the .otherwhen the firm sells two sequential
generations of products to strategic consumers under trade-in program. When consumers are sufficiently
strategic, if both the innovation incremental value of themnew generation product and the salvage value of
the old generation product are low enough, the firm, is better off following the preannounced pricing
strategy, because the commitment power. can significantly reduce the cannibalization effect, hence
inducing more sales for the new/generation products. Otherwise, dynamic pricing is more profitable,
because the firm enjoys the“flexibility of adjusting price dynamically to better discriminate consumers
when they are less strategic and the innovation improvement is high enough. Preannounced pricing is
preferable in more.situations as consumers become more strategic.

Third; when,single rollover is adopted instead of dual rollover, even though the equilibria under single
rollever are=apparently different, the optimal pricing strategy stays almost invariant, which is also a
threshold policy depending on the relative innovation increment of the new and salvage value of the old.
However, preannounced pricing under single rollover is slightly more attractive to the firm than under dual
rollover. In addition, as the firm becomes more farsighted, the dominant position of preannounced pricing

over dynamic pricing decreases.
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Certainly, there are several future research directions that might be explored based on the findings in
this paper. First, aside from price commitment, firms can also make an ex-ante quantity commitment or
ex-post availability guarantee to alleviate strategic consumer behavior. It would be valuable to examine the
impact of other forms of commitment on firms’ profits when selling sequential generations of products.
Second, we assume that the incremental innovation value of new versions of products over old yersions is
exogenous and determinant. However, the firm can decide the amount of investment in. research and
development (R&D) in order to determine the innovation level. This direction is of particular concern in
studying the interplay between investment decisions and rollover decisions. Third,'.eur model is based on a
two-period setting, which is common in the existing literature on strategic.consumers and new product
launching. It would be interesting to expand our model to a multiple-periodssetting, which is more realistic.
Finally, we assume the firm has ample capacity for both generations of products to focus on the impact of
different pricing strategies. However, it’s interesting to“incorporate the possible stockout in the second
period, since the limited inventory and the price uncertainty are both important factors when modeling
strategic consumers. Note that limited inventoryjmay have different impact on the equilibrium on two
pricing strategies.
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Appendix F. Proofs

Proof of Proposition 1. Under dual rollover with trade-in program, if the firm follows dynamic pricing,

(1) In“ease I, the firm’s second-period pricing problem is

max Hz=p2(rf_u)+(p2_pt+s)(1_p2_pt)_l_pd(Pz_Pd_pd)

P2.DePd 6 0 0
s.t.OST?—ﬁ#s1—(1—r?)
OSPZ;pd—pdsl—(l—Tf)
Tf—pZ;pd+p2;pd—pdSl—(l—‘[{))
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0<1- <1l-17
0<p:<p;
0=<pa=p:
The unconstrained solution is p; = (HZ)“, P = %, and p; = ? To meet the second-period

constraints, p; should satisfy —<r1 (p1) <— Solving the indifferent condition in case I,

S((1+0)t? —p3) = (P —py) + 8(zP), we obtain 2 =—2_ We add those .€onstraints to the

2+8-86
first-period problem, which is
max Tl (1_ 2ps >+ S 2n Pr—Pa + L *+S)<1_p£—pz‘)
o P\t s—s0) P2 \2v5-50" 0 P2 P 9
L(P2—Pa .
(B3 )
2p;
40<1———=<1
e SRy T
0 — —
S 2p1 < 0—s
1+0 _2+6=660" 26
. L (2+6-86)2 . ; 2p,
The unconstrained solution is p; = G 325%6200)) which means the upper constraint ——=— < —- never
holds, while the other constraints’hold. Thus, we set % = % in equilibrium. Therefore, we have

(0-5)(2+6-86) (0%5)(1+6) (6-5)(1-6) 9-s +s 0-s O+s
f=—— PP =t P = Pi = I = @5 =5 4f =, and

p 40 46

(2) In case 11, the second-period pricing problem of the firm is

s T (- 2) e (25 -2

D2,Dt.Pd 1+6
P2 — Pa Pz
o<tz _fa_ <1-(1-
s.t.0 < ) 1+9_ ( Tl)
OSTf—ﬁ#Sl—(l—T?)
P2 — DPa b2 p P2 —DPa D
— — <1-—(1-
] 1+0 1 g =1-(-m)
0<1-22"Proq o
0<p:<p;
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0<ps<p:1

D D_rg—
The unconstrained solution is p; = —(HS)TI, pr = —(1+6)le =

L4

,and p; = > To meet the second-period
constraints, p; should satlsfy — < () < —;. Solving the indifferent condition in case I,
0+68(2 —py) = (@2 —p) +6(P), we obtain P = 22%. We add those constraints to the first-period

problem, which is

2 *_ * * *_ *
maxl'[=p1(1— p1>+p;<ngpd Z >+(p2 p;ﬂ)(l_pzept)

P1 2+56 1+6
4o (2P P2~ Pa
Pa\a¥s o
2py
01— <1
s 2+6
0<p =<1
0 — —
s <1- 2p, < 0 —'s
1+6 2+6 28
(2+6)? . . 2pq 6-s
The unconstrained solution is pi = which means the-upper constraint —- < —- never holds,
2(3+26)’ 248 — 26
while the other constraints hold. Thus, we set oL 2+5 % in equilibrium. Therefore, we have p? =
(8-5)(2+6) (6-5)(1+6) (6-5)(1-6) 0-s O+s _ b+s 0-s
T,Pé):T,P?:T:Pg:T, Qf=29,CI2 0, qf »and qg:g-
a- 26)0

(3) We can obtain the condition for choosing case | is s <

by comparing the firm’s profits under
case landcase ll. O

Proof of Table 2. Based on the equilibria under dynamic pricing in Proposition 1, it is straightforward to
obtain how the innovation incremental value 6, the salvage value s, and the consumer’s degree of

strategy /& influence the price, the sales volume, and the total profit by solving the first order derivative.

_502 D _502
6171 — s(2+6)—-66 >0 when 0 <8 < VsvV2+8 Opy _ s(2+6)-66

Take, pPwin case | for example, since VE < 5 8 = a0

VsV2+6 P  -2-6+56 P  (8-s)(1-6) D : - .
—_— < P _ = 7
0 when 5 < <1, —~-=—7F— <0, --=——2>0, thus py in case I will increase first
then decrease as 0 increases, decrease as s increases, and increase as 6 increases. |

Proof of Lemma 1. According to the comparison of slopes and intercepts of consumer surpluses

corresponding to these five alternatives, we have Figure 3. It is easy to obtain the optimal purchasing
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decisions with respect to consumers’ valuation v; from Figure 3. Specifically, in price skimming, there
are four indifferent conditions, u,(tf) = u,(z}), u, (%) = u3 (), uz(xf) = u, (zf), and u,(zf) =
us(zf). While, in penetration pricing, there are three indifferent conditions for consumers, u,(z}) =
u, (1), uy(th) = uy(x8), and u,(zf) = ug(zf). Solving the above indifferent conditions, we can obtain
the thresholds. m

Proof of Proposition 2. Under dual rollover with trade-in program, if the firm follows,preannounced
pricing,

(1) In price skimming, the firm’s pricing problem is

e, 1= (1B s (g - ™) 4@t (1- 25
+ 1y (Pz ;Pd _ Pd)
s.t.0<1- Pi:—‘;zz <1
0<p, <A1
0<PL=0P2 Pa—Pay 1_(1_101—_6192)
1-466 0 1-466
p;:?gz_ngpd_}_ngpd_pd < 1_(1_pi:<;zgz)
0< 1_1’2;1’1&S 1_Pi:gl;2
0<p<p;
0<ps=p
p1 > 6p;
The unconstrained solution is p; = ;;1_—95_9; o P3 = (;fg)_(;:gz), i = z—(1+5)9+2((13—_¢;)_9;:L;;3)—5—9—59), and

% 1-66

Pa = 5550 30" Because the constraint g; < g; never holds, while the other constraints hold, we set

qi =¢q; in  equilibrium.  Therefore, we have pf=% , pé’:%,
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p _ 2—(1+8)6+(1-6)0%+s(3—5-6—-56)
t

. p__  1-86 P 1-6 p 1-§ P 1-6
- 2(3-6-0-56) v Pa = 355559 I 2 ¢

p = 3-5-0-00' 12 T355-9-s0’ 1t T3 5-0-00
and g7 = 0.

(2) In penetration pricing, the firm’s pricing problem is

b2 — Pt
max H=p1(1—p1+6pa)+(pz—pt+S)(1— 7 )+pd(p1—6pd—pd)
P1,P2,Pt,Pd
5.t.0<1—p,+dpy <1
0<p, <1
0<p1—6pa—pa<1—(1—ps+dpa)
OSl—pZ;ptS1—p1+5pd
0<p:<p,
0<pa=p
p1 < 6p;
. . . " 2 « 2 . 2 1 " 1
The unconstrained solution is p; = 3o P2 = Ga Pt = (3—_5)5_5(9 —5s), and p; = = Because

the constraint q; < qi never holds, while ‘the “otherconstraints hold, we set q; = gi in equilibrium.

p_ 2 | I p__ 2 1., p__1 p__1 P _
Therefore, we have pf =35 P2AG 55 Pt = Glae 50 =5), pa=35 & =35 92 =0,
1 1-68
9f =5 and qf = .

(3) We obtain the condition for;choosing price skimming is s <1—38§ — 6 by comparing the firm’s
profits in price skimming and penetration pricing. o

Proof of Table 4. Based on the equilibria under preannounced pricing in Proposition 2, it is straightforward
to obtain how the innovation incremental value 8, the salvage value s, and the consumer’s degree of

strategy & influence the price, the sales volume, and the total profit by solving the first order derivative.

. . . . . op? 2(1-6)2 op? op? 2(1-6)2
P —1 o ——— —1 = —1 = ————
Take p; in price skimming for example, since 30— G-3-0-00) 0, s 0, 35— 33000 > 0,
thus p? in price skimming will increase in 8 and &, while remains the same in s. i

Proof of Proposition 3. Comparing the equilibria in Propositions 1 and 2, we can obtain the optimal

pricing strategy under dual rollover with trade-in program. The threshold T, (8) is as follows.
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(1-25)6 —-30+860+660%2-2802+63-356%+2,/A; 242 342
< = = — —
(1) When s < 1428 ' 1(6) 9+36-252-180-660+502+7502+25262 where A, 36797 — 26767 +

5467 + 46203 + 48303 + 46* + 2620* — 26*6* — 805 — 46205 — 45365 + 46° + §76° + 25360° +
5406,
(1-28)0

360-860-9602%+350%+4503-2./A,

(2) When —9-35+262+150+860+2520—-402-4502'

<s<1-6-6, T,(6) =

where A, = —35%0% —
268362 + 5407 — 12603 + 16663 + 65263 — 45363 + 25463 + 320* — 3260* + 5%20* — 25304 +

5%0* — 166° + 85%6° + 40°.

30-50-802+480%2-2vV-356202-25302+5%0%2+46*

(3)When s>1—-6-0, T;(0) = —9-35+282+120-456

Proof of Proposition 4. Under single rollover with trade-in program, when the firm follows dynamic

pricing, its second-period pricing problem is

rzg%atcl'[z =P2(Tf’ —12_—29)+ (pz—pt+s)(1 _¥)
s.t.0 Srf—lize <1=(1-1P)
Oﬁl—pz_ptsl—rf
)
0spe <2
0<ps<p
The unconstrained solution/is p3.= @ and p; = (1+9)T§;—(0—s) . To meet the second-period

constraints, p, should.satisfy ff; <tP(p) < % Solving the indifferent condition 0 + §((1 + )72 —

p3) = (P — p it 8(zP), we obtain P = 2+26p_159. We add those constraints to the first-period problem,
which is
2p; 2py P2 P2 — Pt
=1 (1~ 775 53) * 7 ~Tyg)t wimpi o) (1-25)
maxTt=p (1 =575 —sa) " P2 \255—50 140) T PP 7
2py
t0<1l—-———-<
StOs T s e =t
0<p, <1
0—s 2p;1 0—s

< <
1+60 7 2+6—460 20
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(2+5-56)2

The unconstrained solution is p; = 21250230

. . 2p, 6-s
< —
which means the upper constraint S80S g never

holds, while the other constraints hold. Thus, we set 2+26p_159 = % in equilibrium. Therefore, we have
p _ (6-5)(2+5-80) p _ (6-s)(1+8) p _ (6-s)(1-6) p _O+s p _ 6-s p _ 0+s
br = 40 v P2 = w0 Pt = 40 'ql_ze'qz_ze'andqt_ze' =

Proof of Proposition 5. Under single rollover with trade-in program, when the firm follows preannounced
pricing,

(1) In price skimming, the firm’s pricing problem is

p1—6p2> (p1—5p2 P2 ) D2 7~ Dt
M= 1-— — — 1 827
pupapePa m(1-S—g) e (sg ~1ra) * e 401 -F )
p1 — 6p2
to<1-227%2
sEOsI=975 =
0<p; <1

) )
0<P1 P2 P2 <1_(1_p1 Pz)

1—-466 1+6 1 =466
Osl_ngptsl_pi:zleh
0<Spe<p,
Py > 6p.
The unconstrained solution is p; = 33551__:_8;6, 5 = (:Z)_(;:gz), and p; = 2_(1+6)9J;(é__?f;:rgg_g_e_m

Because the constraint q; < q; never holds, while the other constraints hold, we set q; = qi in

2-(1+68)0+(1-6)0%+s(3-5-0-56)

equilibrium. Therefore;“we have pf = _20-96) P = (1+6)(1-36) P

3-6-6-50' P 3-5-6-50 ' Pt = 2(3-6-6-56) '
P 1-6 B 1-8 P 1-6
= = n =
U =355 -0 12 =375-0-00' @ d g

(2) In penetrationspricing, the firm’s pricing problem is

max 1 =p; (1-2) + @, —pe +9) (1-222)

P1.P2.PePd 1496 6
P1
t.0<1- <1
§ - 1+6
0<p; =1
P2 — Pt P1
<1-2Z<1-—
0= 6 1+6
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- - - 1+6 1+6 1+6 1 -
The unconstrained solution is p; = - p; =——, and p; = E—E(e —5). Because the constraint

q; < qi never holds, while the other constraints hold, we set g; = g7 in equilibrium. Therefore, we have

1 1
(6—s), af =3 gz =0,and ¢f =,

P 146 P _ 1+6 P _ 1+6 1
1 2

p

2 P2 T P T TS
(3) We obtain the condition for choosing price skimming is s<1— 6§ — 6 by comparing/the firm’s
profits in price skimming and penetration pricing. O

Proof of Proposition 6. Comparing the equilibria in Propositions 4 and 5, we obtain the optimal pricing

strategy under single rollover with trade-in program. The threshold T,(68) is-as follows.

—30+80+60%2-2502+03-350%+2./A;

(1) When s <1-6-0.T2(0) = 55 % 1050150717067 20267"

where A; = —356%0% — 25%6% +
5467 + 46263 + 48%6° + 46* + 2620* — 2646* — 805 — 46205 — 45365 + 46° + 576 + 253606 +

546°.

0-62-2V02-502-520%-03+00°—07+250%+520*
—3-28+50+2560 ’

(2)When s>1-8—-6, T,(0) =
Appendix Il: Equilibrium Analysis for Section 6.2
Part A: Dynamic Pricing Strategy.. When the firm discounts future revenue, the analysis under dynamic

pricing strategy is similar to the base.madel. There are two cases, thus two different objective functions.

(1) In case I, the firm’s second-period pricing problem is

_ p_P2"DPa _ _ b2~ D P2 —Pa
p%%gdnz—l)z(ﬁ ) )+(P2 Pt"‘s)(l ) )"‘Pd( 9 pd)
st.0<eP P2 Pl g (g oy
0P pi<i-a-)
rf—pz_pd+p2_pd—pdSl—(l—r{))

] ]
0<1-227Proq o
]
0<p=p;
0<pa=p
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_@+er? . (1+8)P-(6-s)

The unconstrained solution is p; = — o Dt 5 ,and p; = ? To meet the second-period
constraints, p; should satisfy —<11 (p1) <— Solving the indifferent condition in case I,
S((1+6)? —p3) =P —p) +6(xP), we obtain P = W We add those constraints to the
first-period problem, which is
maxtl =y (155 5)
+ﬁ[p5 (Hzfiag—p; ;p3)+ w3 -pi+9) (1 P ;p;)+pd(”2 7 —n’i)]
s.t.0<1— 2+26+69 <1
0<p, <1

f-i_-; S2+26pi69S92_95
The unconstrained solution is p; = % which means=the upper constraint - 5 59 < 92;5
never holds, while the other constraints hold. Thus, wesset % = % in equilibrium. Therefore, we
have pfzw, p§=w, P?=(9_‘2#, sz’=%’ CI?:%' qé’=?, q?=%,
and q5 = 0.

(2) In case Il, the firm’s second-period pricing problem is
P2, 2 Pa P2 _ P27 p_ P2 Pa
(T 1+9)+(P2 Pt+5)(1 ) )+Pd(T1 ) )

Pz_Pd P2
.0 <
S ST T 110

TD—pZ_pdS

max I, = p,
P2.PePd

<1-(1-1D)

1-(1-1P)

<1-(1-19)

0<ps<p:1

(1+6)7P Pt = (1+6)7P-(6-3)

D
The unconstrained solution is p; = S PE = 5 ,and p; = % To meet the second-period

constraints, p, should satisfy —<r1 (p1)<—95. Solving the indifferent condition in case I,
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0+68(P —py) = (@2 —p) +6(zP), we obtain 7 = 22%. We add those constraints to the first-period

problem, which is

2py
= p, (1-52%)
T Th ( 2+6
(P2—Pa Pz N ( pé—pé) L[ 2P1 P2~ Pa
e - 1— L
+ﬁ[pz< 5 1+9>+(pz pi +s) 7 +pd<2+5 5
2py
201 - <1
s 2+6
0<p <1
g — —
s <1- 2pq < 6—s
1+6 2+6 20
2 -
The unconstrained solution is p; = @, which means the upper constraint 2P < 955 never holds,
2(3+25) 246 = 20
while the other constraints hold. Thus, we set %=92—;5 in equilibrium. Therefore, we have p? =
0-5)2+86) p _ (6-5)A+6) _p _ (6-5)A-6) p _6-s p\ 6+s, p _ p _ 9+s p_0-s
T o P2=T g P =Ty o Pa=p G =02 =0, qp =7 and qq =T

Part B: Preannounced Pricing Strategy. When ‘the, firm discounts future revenue, the analysis under
preannounced pricing strategy is similar to thesbase model. There are two cases, thus two different
objective functions.

(1) In price skimming, the firm’s pricing problem is

-6
max H=p1(1—u)

P1.D2:PePd 1-466
# 8o (B g 25 + s =) (1= 2 (B )|
s.t.OSl—pi:—(;zzgl
0<p, <1
Ospl—épz_pz—pdSl_(l_m—%)
1-66 0 1-66
Ospz_pd_pdS1_(1_pi:§Zz)
pi:igz_ngderpZ;pd‘pd31‘(1‘271:252)
i
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p1 > 6p;

2B(1+6)(1-56) . (B+68)(1+6)(1-50) .
2B(2—-6-86)—(1+0)(B2+62) ' b2 = 2B(2—-6-80)—(1+0)(B2+62) ' Pt

The unconstrained solution is p; =

B2(0-5)(1+0)+5(1+0)(2—s5—80)+2B(1+25+55—560—0—256)
2[2B(2—6-80)—(1+6) (B2 +62)]

(p+6)(1-60)

2B (2-8-00)—(16)(F2167) ° Because the

, and p; =

constraint g; < q; never holds, while the other constraints hold, we set q; = g7 in equilibrium. Thus,

P _ 2B(1+8)(1-66) P _ (B+6)(1+6)(1-86)
we have P1 = 28G-5-50)-(1+6)(p7+6) ' P2 = 3p2-5256)—(1+8)(p?+02) '
p _ B2(O-5)1+6)+5(1+6)(2-56-850)+2[(1+25+85—550—0-256) P _ (B+58)(1=509) P _
pe = 2[2p(2-6-60)—-(1+0)(B2+62)] v Pa = 2B(256-860)-(1460)(B2+62) ' =

B(2+6-56-5-B6) (B-8)(1+4) P _ﬂ antegE= 0
2B(2-6-86)—-(1+6)(B2+62)’ qz = 2B(2—-86-580)-(1+0)(B2+52)" 1t '

(2) In penetration pricing, the firm’s pricing problem is
P2 — Dt
max 1= p;(1—p;+6pg) + B [(pz —pets) (1 5 ) +pa(p1 — 8pa — pd)]
P1,P2,Pt:Pd
5.t.0 < 1'=p, +0ps <1

0=p, =1

0<pi=0ps—pa<1—(1—p;+3ps)

0osh 2P Hpt<1 p1 + 6pq
0<p: <p,
0<ps=p:
p1 < 6p,
2B(146) 2B(1+6) 2B(146)

The unconstrained solution is pi = BB 162f=D)’ Pz = SBG—P) 16—’ pi = SIBG—P)1oE—0)

p+68

ORI EGE Because the constraint g; < g; never holds, while the other

1 x
5(9—5), and p; =

. % CreL s P _ 23(146) P _
constraints hold, we set g; = q; in equilibrium. Therefore, we have p; = e P2 =
2B(1+6) pp _ 2f(1+6) _ 1(9 _ S) pp _ B+S q B(2-p+5)
S[B(4-p+8(2B-0)] " Tt T SIBU4-P+(2B-8)] 2 ' Pd T papreep- © 1 T pa-prreap-s)
g =0, qf =25 and ¢f = LD o

B(4—p)+5(2B-9)
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