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Highlights

e We investigate the optimal pricing policies for differentiated brands.
e The retailer’s purchase decision criterions are based on two thresholds.

e  Power structures have no effect on the retailer’s purchase decision criterions.

e  Power structures have effects on supply chain members’ decisions and performances.



The effect of customer value and power structure on retail supply

chain product choice and pricing decisions

Zheng Luo, Xu Chen”, Ming Kai
School of Management and Economics,

University of Electronic Science and Technology of China, Chengdu, 611731, P. R. China.

Abstract: Customer value in goods not only affect his purchase decision“but also bring
about a big challenge for retail supply chain management. A two-stage.retail supply chain
consisting of one manufacturer and one retailer is investigated /n this paper. The
manufacturer produces two substitute products which belong to two different generations
while the retailer determines his product choice -decisions and pricing policies with
considering heterogeneous customer demand based.on different customer value. The key
issues faced by the retailer are which products to\purchase, single or both? And how to make
pricing policies in different power structures? From three different game theoretical
perspectives, we found that the retailer’spurchase decision criterions are based on two
thresholds, and in each power. structure the optimal pricing policies of manufacturer and
retailer are obtained. In addition, the impact of power structure has been explored and it
shows that different power structures have no effect on the retailer’s product choice decision
criterions and behaviors, however, they have a great influence on supply chain members’
pricing policies and/ performances. The revenue sharing contract achieves a Pareto
improvement,and’ makes a bigger pie, and the power structure determines the pie split
between the supply chain members. Additionally, revenue sharing contract will not affect the

retailer’s purchase decision criterions and behaviors, either.

Keywords: Product choice; pricing; customer value; power structure; game theory; revenue

sharing contract.
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1 Introduction

In respond to an increasingly fierce market competition and meet diverse customer demand,
the production and sale substitutable products have become a common behaviour of
manufacturers and retailers (Draganska and Jain, 2006). For example, Nike Inc. designs and
produces shoes with different kinds of styles, colours, qualities, and functions all the year
around. And just about one year ago Apple Inc. released iPhone SE, however, the iPhone 7, a
new generation mobile phone, has been in a sale at the present time. What’s more, the-other
older versions such as iPhone 6/6s are still on sales.

From the perspective of customers, product diversification has“led eustomers to hold
different customer values or customer reservation prices in different products due to their
styles, colours, qualities and so on (Holbrook, 1999). For a.newer“or higher-quality product,
the customer may hold higher reservation price than others (Martin, 1996), and customers
determine their buying decisions by comparing their=reservation price with the actual price
of the product (Kaplan et al., 2011). Consumer.behaviour is becoming more and more
rational. The price factor cannot be considered,as the only pricing decision-making reference
any more. Therefore, the customer value has become one of the importance factors that
influence customer’s product choice' (Shioda et al., 2011). From the perspective of
manufacturers and retailers, there-exist phenomena that some stores, such as online stores or
the stores in poor regians,,may only sell specific types of products, and on the contrary,
others may sell all kinds of products. Further, the same-type product in different stores which
serve for different.customers may labelled with different prices (Xia et al., 2004). Therefore,
big challenges of product choice and pricing decisions have arisen to both manufacturers and
retailers (Winer, 1986; Petroshius and Monroe, 1987; Akcay et al., 2010; Ferrer et al., 2010).

Insaddition, the market position between manufacturers and retailers are not equal in
different industries. For instance, in some electronics supply chains, Microsoft and Intel act
as a leader with more powerful than downstream members. Some retailers, such as,
Wal-Mart and Carrefour, however, may be in a relative strong competitive position and act
as a leader than their upstream suppliers (Ertek and Griffin, 2002). In many cases, supply

chain members may be in balanced market position, in which they are engaged in vertical



Nash competition (Cotterill and Putsis, 2001; Zhao et al., 2014). To our best knowledge,
there are very limited studies that combine the product choice and the pricing model based
on the customer value with considering power structures. Hence, our research aims to fulfil
this gap through addressing the following key questions:

(1) How does the retailer decide which products to purchase based on customer value
with power structures?

(2) How to develop pricing policies for the manufacturer and retailer based on customer
value when the retailer sells a single product or both products with power structures?

(3) What is the influence of the customer acceptance and the power structure on product
choice, pricing decisions and profits?

In order to solve the above problems, a two-stage retail Supply*chain consisting of one
manufacturer and one retailer is investigated. This is an essential supply chain structure,
based on which many papers study interesting operational management and marketing
problems. The manufacturer produces two substitute_products which belong to different
generations. The retailer sells directly to end-customers who have heterogeneous customer
value in these two generations of produets; which is characterized by different product
acceptances. We investigate the retailer’s product choice decisions and obtain the optimal
pricing policies based on heterogeneous customer value in each purchase strategy and power
structure. Therefore, using this hasic and appropriate two stage supply chain model is fairly
enough to solve thisqprablem, and also it is easy to understand by readers. And indeed, we
have done manydmportant analysis and obtain some meaningful insights, which can provide
useful decision supports to the end retailer. This study contributes to the theory and practice
by investigating how customer acceptance and power structure influence retail supply chain
management:

(1) Through the analysis of customer surplus (customer reservation price minus the
actual retail price) for heterogeneous customer, we expand the demand function used in a
dual-channel supply chain to product choice, which brings about a little enrichment in
theory.

(2) We obtain pairs of thresholds for the retailer to make product choice decisions. The
thresholds, measured by the production cost of the two substitute products, include a low
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threshold and a high threshold in each power structure. Therefore, a purchase decision
criterions can be established based on the thresholds, by which the retailer can estimate the
product acceptance based on some historical data, expertise, or the industrial reports on the
similar products and then make product choice decisions. In addition, the retailer’s purchase
decision criterions will not be influenced with revenue sharing contract.

(3) The Power structure has a great influence on retailer supply chain pricing decisions
and profits, however, it interesting to know that it has no effect on the product,choice
decisions. Namely, no matter which market position the retailer is in, the purchase decision
criterions stay unchanged.

This paper is organized as follows. A survey of related literature is presented in Section
2. The model formulation and assumptions are provided Section _3,%in which we formulate
the demand functions based on heterogeneous customer value.and obtain profit functions of
manufacturer and retailer. In Section 4, we investigate the“product choice decisions and
obtain the equilibriums based on customer value in each power structure. In Section 5, we
focus on the impact of customer acceptance and power structure on optimal pricing policies
and profits. In Section 6 provides an extended model with revenue sharing model to
coordinate the retail supply chain-andyinvestigate related conclusions. Finally, the research

findings and highlight possible future work are concluded in Section 7.

2 Literature review

The literature reviewed here primarily relates to three streams of research: (i) customer value
or reservation price; (ii) product choice strategies, and (iii) effect of power structure on
decisions‘and.profits.

Many literatures are on customer value or reservation price. Some researchers were
focusing on estimating and measuring by using different methods, such as Sweeney and
Soutar (2001), Jedidi and Zhang (2002), Wang et al. (2007), and Kaplan et al. (2011), etc. In
the research of Sweeney and Soutar (2001), they use a 19-item measure, called PERVAL,
which is an empirical research method and is used to ssess customers’ perceptions of the
value of a consumer durable good at a brand level. This measure is usually used in a retail

purchase situation to determine what consumption values drive purchase attitude and



behavior. Jedidi and Zhang (2002) proposed a conjoint-based approach to estimate
consumer-level reservation prices. Form the perspective of consumer, they modeled
consumer’s decision of not only which product to buy ,but also whether to buy at all in a
category. Also, Kaplan et al. (2011) proposed a two-stage method to elicit consumers' price
acceptability range. Others conducted case studies from different perspectives and industries,
such as Thompson and Troester (2002) from case of the natural health microculture,. \Webster
and Rennie (2011) in leisure travel, Koller et al. (2011) considering green consumption, and
Perrea et al. (2015) in food product industry, etc. Further, from the perspective of operational
management, Shioda et al. (2011) assumed that product choices of consumer depend on the
reservation prices. They formulated maximum utility model’ an as»a mixed-integer
programming problem, and investigated a product line pricing problem. Abbey et al. (2015)
took customer reservation price into consideration. By using”a model of consumers’
preferences, they studied the optimal pricing of the new.and“remanufactured products based
on extensive experimentation. Hu et al. (2015) considered that consumers are sufficiently
heterogeneous in product valuations in adcrowdfunding mechanism, they examined the
optimal pricing and product decisions and+feund that the firm should offer a line of products
with different levels of product qualitysand prices. The above literature on customer value or
reservation price are not taking.supply chain management into consideration. However, in
some cases, the customer«alue may not only affect the retailer who serves consumer directly
but also retailer’s upstream firms, i.e., distributors and manufacturers.

The seconddrelevant-stream of literatures are the researches on product choice. Moorthy
(1988) examined two identical firms competing on product quality and price. He assumed
that the customer prefers the high quality product to the low quality. The quality-price
equilibrium™ strategies of both a  simultaneous-product-choice model and
sequential-product-choice model were obtained. Liefeld et al. (1996) investigated the Dutch
customers’ product choice. They found that Dutch customers bought one product not others
mainly based on their heterogeneity in tastes and preferences and rely little on extrinsic
information cues, and also they took little consideration of country-of-origin as a choice cue.
Rath and Zhao (2001) studied two producers’ location and pricing policies with
consideration customer product choice. They found that the equilibrium prices and locations
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rely on relative magnitudes of the customer reservation price and the transportation cost.
Friese et al. (2006) tested the assumption that customers may have explicit and implicit
preferences toward a product at the same time. By using Implicit Association Test (1AT), the
authors measured consumer preferences regarding generic food products and well-known
food brands and found that the customer are more likely to choose the implicitly preferred
brand when product choice has to be made in a short time. Mack and Sharples (2009)
investigated the important factors which affect people in mobile phone product'choice with
the methods, such as active information search, structured preference elicitationy ranking and
interviews. They found that usability, features, aesthetics and cost are the most important.
Peng et al. (2012) examined the role of animosity in customers’ product choices. They found
that animosity has a significant effect on product choice and the trade=offs between price and
animosity can be used to adjust the customer product choice behave. Swahn et al. (2012)
observed 1,623 consumers’ choice of apples and found-that'sensory description labels have
an important impact on consumer product choice. Huber et al. (2015) aimed to study the
impact of different ways of presenting thedife insurance price on customer demand. Their
finds showed that unlike other products; there are no impacts of ways of presenting prices on
purchase intention. Instead, customersexperience and price perception have a great effect.
However, the above studies on product choice did not consider the impact of customer value
on customer buying behavior and.firm purchasing decision.

Additionally, many studies have examined the different power structures between
supply chain members and they showed that power structure affects decision-making and
profit (Gaski and Nevin, 1985; Kim and Kwak, 2007; Kolay and Shaffer, 2013). Ingene and
Parry (1995) examined one manufacturer supplying multiple exclusive retailers, and focused
on the channel coordination. Choi (1991) studied the pricing decision based on supply chain
with two manufacturers and a common retailer based on a linear demand and a nonlinear
demand. He discussed three non-cooperative games, namely Manufacturer-Stackelberg,
Retailer-Stackelberg, and Nash game between the manufacturers and retailer. Choi (1996)
extended this research by examining two manufacturers supply the product to two
differentiated common retailers, and the horizontal competition has been into consideration.
This paper revealed that horizontal product differentiation will help the retailers but hurt the
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manufacturers. Raju and Zhang (2005) studied a channel model with the
Retailer-Stackelberg and discussed the coordination mechanism for the manufacturer. They
found that such channel structure can be coordinated by quantity discounts. Yang et al. (2006)
analyzed a two-echelon supply chain with one manufacturer and two competitive retailers.
The different competitive behaviors of the two retailers were discussed in their study. From
the perspectives of supplier-Stackelberg, retailer-Stackelberg, and the Nash game, Cai et al.
(2009) discussed the effect of the price discount contracts and found that the price discount
contracts are benefiting for the supply chain members. Fan et al. (2013) analyzed dynamic
pricing and production planning problems in a game of one leader and multiple followers
with unknown demand parameters. They found that the leader will always outperforms the
followers, and each member can improve its revenue by demand learning. Shi et al. (2013)
examined how power structure and demand models affect” supply chain members’
performance. They found that the effect of power structure not only depends on the model of
expected demand, but also depends on the demand shock. Chen et al. (2014) explored the
effect power structure on assembly supply. chains ‘composed by one assembler and two
suppliers. They found when the assembleris.the leader, the whole supply chain profit is the
highest and so is the assembler’s profit, Chen and Wang (2014) investigated the smart phone
supply chain that consists of a handset manufacturer and a telecom service operator.
Different power structures wereyconsidered and the corresponding impacts were discussed.
They showed that the smart’phone supply chain would choose a bundled channel in the
telecom service{operator” Stackelberg as well as in the manufacturer Stackelberg power
structures under certain conditions; while would select a free channel in a vertical Nash
power structure."Chen et al. (2015) studied the pricing policies for an 020 mixed channel
with, different power structures. They found power structure has great influence on pricing
policies and economic performances. However, the above studies did not consider the
customer’s valuation on the product as a factor in the operational management decision.
Further, being different from the above literatures, our research focuses on the retailer’s
product purchase choice based on heterogeneous customer value in two substitute products.
The impact of customer acceptance and power structure have been examined. This paper aim
to fill the gap in literatures and guide business decisions in practice.
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This paper contributes to the literature in several perspectives. First, our study considers
customers with fully heterogeneous valuations on two generations of products, namely new
product and old product. The customers are segmented based on the customer acceptance of
old product and the customer surplus in new product and old product respectively. Second,
we clearly identify the bounds in which the retailer should do purchase new product, old
product or both of them, we provide the corresponding pricing strategies of the manufacturer
and the retailer. To the best of our knowledge, there are very limited studies that combine

product preference and customer valuation in the pricing model.

3 The model

3.1 Model description and assumption
We consider that a retailer purchases from a manufacturer-who produces two generations of
products, which have similar attributes, for example_iPhone 6 and iPhone 7.These two
generations of products are not only produced with different production processes and
hardware configurations, but also have differentiated after-sale services. We define that these
two generations of products as new product and.old product, and the new one are superior to
the old one. We consider the problem that the retailer sets the retail prices for new product
and old product, while the manufacturer determine the wholesale prices of them. The unit
production cost is c;, unitwholesale price is w;, and unit retail price is p; where i =1, 2,
and 1 stands for new product.and 2 stands for old product. Note that unit retail price is high
than that of unit wholesale price and unit production cost, i.e. p; > w; > ¢;. To avoid null
results, we assume that c; > ¢, due to the new product is better than old product. Otherwise,
c1 < ¢, willllead/to negative demand for old production and meaningless lower bound and
upper bound.(See more detailed explanations in Section 4.1).

For customers, they are heterogeneous in the valuation of new product and old product.
We assume that the customer reservation price (v) is uniformly distributed over [0, 1]
within the market size (number of customers) from 0 to 1 with density of 1, which catch the
individual difference in the product valuation (Chiang et al., 2003). Considering a product
that is priced at p, the customer with a net surplus v —p = 0 will buy it (Chen and Bell,

2012). From Figure 1, all the customers with valuations in the interval [p,1] will buy the



product. Therefore, the demand of the product is Q = fpl dv=1—-p for 0 <p<1.

Market size
A

1

Customer value (v)

0 p 1
Figure 1. Distribution of customer value

We further assume that the customer perceives new product as a‘perfect product while
the parameter 6 € (0,1) represents the customer acceptance of old proeduct due to new
product’s being superior to old products (Martin, 1996). Thus, we use" v and 6 to capture
individual difference in valuing product with different generations:"a customer perceives new
product and old product to be worth v and Bv, respectively:
3.2 Demand and profit functions
A customer with a valuation of v may purchase ‘new product if it has a nonnegative surplus
v —p; =0 and may buy old product if«it.has a nonnegative surplus v —p, = 0. The

customer will choose new product-rather than old one if v —p, < v — p,. We denote the

indifferent values in whether it purchases or not the product as v; = p; and v, = %,

pi_zz. Then two scenarios should

respectively. The indifferent,value of purchasing is v,; =

be considered:

P1—D2

Scenario 1. v, > v, or p; >%, we can derive P

> p, (or equivalently,
vy, > vy). Therefore, when 1 > v,; > v, > v, (or equivalently, p, +1—-6 > p; > %),

namely % < 0 < 1—p; + p,, this implies that the customer whose reservation price v is

in the range [v,, 1] will purchase new product while purchasing old product if v is in the
range [v,,v,;]. The customer whose reservation price v is in the range [0, v,] will buy

neither. Since the retailer can select to sell either both new and old product, or new product

|

only, or old product only, if p,+1—-6 >p;, > L it is equivalent to the case that the

retailer will choose both of them. Therefore, the demands for new product and for old
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product are D;(py,p;) = fv121 dv=1—-vy =1— % and D,(py,py) = fv”;ldv =

Vyy — v, = 22P2 % respectively.

When v,; =1 > v; > v,, it is equivalent to 8 > 1 — p; + p,. This implies that no
customer will purchase new product and the customer whose reservation price v is in the

range [v,, 1] will only purchase old product. Therefore, the demands of new product and
old product are D, (py,p,) = 0 and D,(py,p,) = fvlz dv=1-v,=1- ';—2.

Scenario 2: if v; <wv, or p; S%, suggesting %s p1, Whichdis equivalent to
vy < vy, then we have v,; <v; <v, <1 or 6 < %. This implies that'ne” customer will
purchase old product and the customer will only purchase new-product/if v is in the range
[v;, 1]. Therefore, demands of new product and old product.are. D, (py,p,) = fvl1 dv=1-

v; =1—p; and D,(py,p,) = 0 respectively.
Therefore, the demand function of new praduct B, (p4,p,) and old product D,(p4,p2)
can be modelled as:

P1

Di(prp2) =91 - B2 %<9<1—p1+p2 1)
9 1
0 1-p+p,<6<1
(-0 0<es%
1
- ) BaZP2 D2 b2 _
Do) S T6 9 5, <0<1-Dpitp 2)
| 1-2 1-p+p,<6<1

This piecewise demand function gives us an intuitive insight that the product demand
depends on theretailer’s pricing decisions and the customer acceptance of old product 6. In
addition, both the manufacturer and retailer are rational and self-interested, that is, their

objective is to maximize their own profit respectively. The model is described in Figure 2.

Wi, Wy b1, P2 Dl(pl'pz)
Manufacturerl > Retailer <

DZ(pl'pz)

Figure 2. The model framework
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We use m and r to represent the manufacturer and the retailer, respectively, then the
profit function of manufacturer is:
T (W1, W) = (W1 — ¢1) D1 (p1,02) + (W2 — ¢2) D2 (1, 02) 3)

The profit function of retailer is:

. (p1,02) = (01 — w1)D1(p1,02) + (P2 — w2) D2 (P1,P2) 4)

4 Equilibrium

This section studies the retailer’s product choice and discusses under which,conditions the
retailer sells one generation product or both generations of products.in different channel
power structures. We first study the case that the retailer sells both“generations of products
and investigate the retailer’s product choice decisions in Section'4.1, and then discuss the
case of retailer selling one generation product in Section 4.2.

To examine the supply chain members’ competitive dynamics in different market
positions, we build a vertical competition model between the manufacturer and retailer as
either a Stackelberg game or a Nash game.\Weuse k to represent a model, where
k € {MS,VN, RS}.

Manufacturer Stackelberg (MS) model

In MS model, the manufacturer.is‘the Stackelberg leader while the retailer is the follower in
deciding prices, the decision seguence of the manufacturer and retailer is as follows. In the
first-stage game, the manufacturer announces the wholesale price to the retailer, anticipating
the retailer’s price:"In the second-stage game, given the manufacturer’s wholesale price, the
retailer decides the retail price.

Vertical Nash.(\VN) model

Under the vertical Nash model, the manufacturer and retailer make their pricing decisions
simultaneously. The decision sequence is: the manufacturer decides wholesale price to
maximum his profit, anticipating the retailer’s margin profit while the retailer decides retail
prices to maximum his profit, anticipating the manufacturer’s wholesale price.

Here we denote the marginal profits of new product and old product as m; and m,
respectively (Choi, 1991), hence we have p; = m; + w; and p, = m, + w, that will be

used in deriving the optimal policies in proof.
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Retailer Stackelberg (RS) model

In RS model, the retailer is the Stackelberg leader while the manufacturer is the follower in
deciding prices, the decision sequence of the manufacturer and the retailer: in the first-stage
game, the retailer announces the retail price to the manufacturer, anticipating the
manufacturer’s wholesale price; in the second-stage game, the manufacturer decides the
wholesale price, anticipating the retailer’s margin profit.

4.1 Retailer sells both generations of products

When % < 0 <1—p, + p,, the demand of both generations of productsis positive. With
1

(1) to (4), we can prove that there exists unique optimal solutions to“the eptimal wholesale
prices of manufacturer (wf, wX) and to optimal retail prices of retailer J(p¥, p¥) when both
products are available, which be summarized in Lemma 1.

Lemma 1: For any game model k, there exists a unique optimal solution to the optimal
retail prices of retailer (p% p%) and to the optimal-wholesale prices of manufacturer
(wk, wk) for the case of retailer selling both, generations of products, which are

summarized in Table 1.

Table 1. The optimal retail price, wholesale price, corresponding sales volume, and
profit under different power-structures when selling both generation of products

Game x %

k k k k
models  P1 Pz Ve w2 Dy D, Tk mk
MS 3+C1 39+C2 1+C1 9+C2 1_0_C1+C2 Bcl_cz A A
4 4 2 2 4(1-6) 4(1-6)0 8 16
VN 2+C1 29+C2 1+2C1 9+2C2 1_9_C1+C2 Hcl_cz A A
3 3 3 3 3(1-96) 3(1—-6)6 9 9
RS 3+¢c, /30+c,; 1+43¢c; 043¢, 1=0—ci+c; bOcg—c A A
4 4 4 4 4(1-6) 4(1-6)6 16 8
whéfend = 20-)0-a-0tc)*0-¢)O00-¢) 504 | e (MS, VN, RS}. The assumption ¢; > ¢, is needed

(1-6)6
here. Otherwise DX < 0. That is, if ¢, < c,, the demand for old product is meaningless.

In different power structure, we denote the lower bound and upper bound with a

|

P1

superscript k. From Table 1 and the condition =< 6 < 1 — p; + p, in demand function,

—k
the lower bound 6% and upper bound @ in different power structure can be obtained, and

which summarized in Proposition 1.
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Proposition 1:

1) For any game model k, the retailer’s product choice decision criterions are: the lower

—MS —VN —RS
bound @MS = @'N = @RS = 2—2 and the upper bound 8 =60 =60 =c¢,—c;+1,
1

where Z—2<c2—c1+1 forany 0 <c, <¢; < 1L
1

2) For any game model k, when 0 <0 < Z—Z the retailer will choose new product only;
1

and if z_z < 0 < ¢ — ¢4 + 1, the retailer will choose both generations of productsyand if
1
c; —cq1+1 <0 <1, theretailer will choose old product only.
This proposition provides the retailer’s product choice decision..Criterions and

behaviors. On one hand, Part 1) gives the robustness of retailer’s product choice decision

criterions. The thresholds among MS, VN, and RS power structure are consistent with each

other. The lower bound in MS, VN and RS models_are,the same, i.e., 2—2 and the upper
1

bound are also the same, i.e., ¢, — c¢; + 1. From this, we can confirm that power structure
between supply chain members has no effect on retailer’s product choice decision criterions,
and the retailer’s product choice criterions is, steady in any competition situations. This is a
very interesting conclusion because_from the proof we know that these two bounds highly
depend on the optimal retail prices;.and in each game model the optimal retail prices are not
the same. However, the product choice decision criterions are consistent. Actually the retailer
use pricing policy with.customer value to segment customer into different types. In addition,
the thresholds dependton the cost of new product and old product. If the retailer could
acquire manufacturer’s cost information (cq,c,) and estimate customer acceptance of old
product .8-based-on historical data, expertise, or industrial reports on similar products, he
can build. up-a visual product choice standard and assess retailer’s product choice decision
behaviors that whether it should choose both products, new product only, or old product only.
If the customer acceptance of old product is sufficiently high (or low), no customer will
purchase old product (or new product). Therefore, selling old product (or new product) is the

optimal choice for the retailer to maximum its profit. When the customer acceptance of old

! The assumption c; > ¢, is needed here. Otherwise, if ¢; < ¢, the lower bound Z—Z > 1 and the upper bound ¢, — ¢; +
1

1 > 1, and the lower bound will be larger than the upper bound, ? > ¢, — ¢, + 1, that is unreasonable. Therefore, ¢; < ¢,
1
would make no sense to our model.
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product is moderate, the retailer’s optimal product choice is to sell both of them.

4.2 Retailer sells one generation product

When the customer acceptance of old product is either sufficiently low or sufficiently high,
the retailer will sell either new product only or old product only, respectively. To obtain the
equilibrium, we start with resolving the last-stage game and moving back to the first-stage
game for all three game models. With (1) to (4), we can prove that there exists unique
optimal solutions to the optimal wholesale price of manufacturer w* and to gptimal retail
price of retailer p¥ when one generation product is available. Therefore, the optimal pricing
strategy to the retailer and manufacturer can be summarized in Lemma 2, The'subscript s1
means retailer only sells new product and s2 means retailer only sells old product.

Lemma 2: For any game model k, there exists a unique optimal*solution to the optimal
retail price of retailer p* and to the optimal wholesaleprice.of'manufacturer w¥ for the

case of retailer selling one generation product, which are summarized in Table 2.

Table 2. The optimal retail price, wholesale price, corresponding sales volume, and
profit under different power structures when selling one generation product

c
0<9sc—2 o-a+1<6<1
1
MS VN RS MS VN RS
k 3+ 2+ ¢ 3+ K 30+c, 20+c, 30+c,
Ps1 4 3 4 Ps2 4 3 4
K 1+¢ 1+2cp 1434 K 0+ c, 0+2c, 6+3c
Wg1 Wgo
2 3 4 2 3 4
k 1—C1 1_C1 1_C1 k H_CZ Q_CZ G_CZ
Dsl Dsz
4 3 4 40 36 46
Tk 1- Cl)z 1- C1)2 1- C1)2 Tk (Ch Cz)z (6 - Cz)z (Ch Cz)z
ms 8 9 16 ms2 86 96 166
k 1- Cl)z 1- C1)2 1- C1)2 k (Ch Cz)z (6 — Cz)z (Ch Cz)z
T[rsl T[rsz
16 9 8 166 96 86

where, ¢, <8 <1 and k € {MS,VN,RS}.

5 Discussions

In this part, we discuss the effect of the customer acceptance of old product as well as power
structure on the decisions and profits of the supply chain.

5.1 Impact of the customer acceptance of old products 6
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Proposition 1 shows that when 6 € (i—z,c2 — ¢y + 1), the retailer sells both products. From
1

Table 1, we can obtain the following proposition.

Proposition 2: For any game model k, when 0 € (Z—Z,cz —¢; + 1), then w¥ > wk and
1

p>pkiifee (j—z,eo], then D¥ > DX and if 6 € (8y,¢c; — c; + 1), then D¥ < DX
1

1—2(‘1+C2+\/(1—2L‘1+Cz)2+462

where 6, = >

This proposition indicates that in MS, VN and RS power structures, when the retailer
sells both new and old product, the optimal wholesale prices and optimaliretailprices for
new product are higher than that of for old product. Since the customer.perceives new
product as higher value, the retailer thus can charge a higher retail price, which leaves a
room for new product to charge a higher wholesale price as well="On the other hand, due to
the low customer acceptance of old product, to attract,more lower-value customers, the
retailer should set a lower retail price which leads=te-a lower wholesale price. For the
demand, it is easy to understand that low acceptance of old product will trigger much more
demand of new product, so it is better for thewretailer to order new product more under low

customer acceptance of old product, and vice versa.

6w’2V'S > ang > aw§5
a0 a0 a0

Proposition 3: When 0 € (z—z,cz —cq+ 1) , we have >0,
1

ap’z"'s — ap§5 > ap‘le >0 611',",”15 any,{" > 011:5,5 > 0 and 01155 > an¥N > anMS >0
a0 a0 a0 /00 a0 a0 a0 a0 a0 '

This proposition” daes a sensitivity analysis of the customer acceptance of old product
on the optimal wholesale-prices, retail prices and maximum profits. No surprising that as the
customer acceptance’of old product increases, the optimal wholesale prices and retail prices
of old product, the maximum profits of manufacturer, retailer and entire supply chain will
improve as'well. However, they are changing in different degrees. For the manufacturer, the
changes of optimal wholesale prices and maximum profits in MS market power is larger than
that in VN and RS market power. Namely, the manufacturer is more sensitive with the
customer acceptance of old product when he is a Stackelberg leader. For the retailer, the
optimal retail prices of old product change less when the supply chain members involved in
more intense competition than when he is dominate or dominated by the manufacturer.
However, for retailer’s maximum profits, the more powerful the retailer is, the more
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sensitive it is with the customer acceptance of old product.

5.2 Impact of power structure

5.2.1 Retailer sells both generations of products

Define that when the retailer sells both generations of products, the profit of the entire supply

chain is my = m,, + m,. Furthermore, we denote the proportion of new product purchased or
Dy

sold and of old product purchased or sold as a; = T
1 2

D .
and a, = DlTZDZ’ respectively.

With Table 1, the following proposition indicates the impact of power structure“for the case

when the retailer sells both products.

Proposition 4: When the retailer sells both products (if Z—2< 0<es=cy+1), the
1

following properties hold:

1) wis > wiV > wkS and wiS > wiV > whS,

@ pi”® =¥ >pi" and p3” = p§® > p3".

(3) DY* = DBS < DYV and DXS = DX < DYV &S = aV = af® and &S = bV =
aks,

(4) TMS > VN > gRS  gRS > VN > gMSand 7/N > g5 = nfkS,

This proposition illustrates the_impact,of power structure when the retailer sells both
new and old product. Part (1), (2) and (3) are similar with some conclusions in Proposition 4:
the more power the manufacturer has, the higher wholesale prices of new and old products
he sets. The retail prices and product demand of the new and old products are the same
respectively when"the retailer is more dominant or dominated by the manufacturer. And
intense competition_in balanced power structure results in lower retail prices, which is
benefit for customers and in turn triggers much product demand of both new and old
products. It is interesting to see that from part (3), no matter which power structure between
the supply chain members, and no matter how many products the retailer purchases or sells,
the proportion of new product or old product in different market power stays unchanged
respectively. Part (4) shows that when the manufacturer or retailer is a Stackelberg leader
(MS or RS model), he will gain more profits compared with that when he is Stackelberg
follower (RS or MS model). The profit of the entire supply chain is as same to either the

manufacturer is Stackelberg leader or the retailer is the Stackelberg leader in the supply
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chain, and however, balanced power between the manufacturer and retailer is profitable for
the entire supply chain.

5.2.2 Retailer sells one generation product

Define that when the retailer sells new product only if 0 < 8 < =2, the profit of the entire

o'
supply chain is mg; = m,,51 + Ts1; When the retailer sells old product only if ¢, —c; +
1 < 6 < 1, the profit of the entire supply chain is mg, = Ty + Tsz. With Table 2, the
following proposition indicates the impact of power structure for the case whenthe retailer
sells one generation product only.

Proposition 5:

(1) When the retailer sells new product only (if 0 < 8 < Z—Z), we have) pS = pRS > p/V,
1
MS VN RS VN MS _ RS MS VN RS RS VN
Wei >Wsg > Wi, Dgg > Dy’ =Dgy , Ty > Mgy > Mgy Mgy > Mgy >
MS VN MS _ RS
TTrs1 and 51 > gy = Tyq -

(2) When the retailer sells old product only (if ¢; —c; +1 < 0 < 1), we have p¥%’ =

S

R VN MS VN RS VN MS _ RS MS VN RS
Ps2 >p52 v Ws2 >W52 >Ws2 ' DsZ >Ds _Dsz 1 Tns2 >Tl—msz >7tmsZ '

RS VN MS VN MS . RS
2% > g2 > 52 and T2 > gy =Ty

This proposition illustrates the_impact-of power structure when the retailer sells one

generation product only. We know, that if the customer acceptance of old product is lower

0<o< z—z) or higher (cy~ ¢+ 1 < 6 < 1), results in Proposition 5 are in line with some
1

studies in the literature (for example, Choi, 1991; Chen and Wang, 2014; Chen et al., 2015).
Part (1) or (2) indicates that when the retailer sells new product only or old product only, the
imbalanced power between the retailer and manufacturer (MS and RS power structure) has
no infldence on retailer’s optimal prices, therefore, the retailer may have more flexibility
compared with manufacturer in different power structures. However, the balanced power
(VN power structure) will lead to lower retail prices, which can be explained by the fact that
in VN power structure more intense competition between supply chain members will drive
the prices down, and that will benefit customers. As to the lower retail prices in VN power
structure, it drives much more product demand than that of other imbalanced power
structures. Powerful manufacturer will set high wholesale prices, which give him high
margin profits, therefore, the manufacturer who is more dominant will gain more profits than

18



when he is dominated by the retailer. Similarly, when the retailer is a leader, he will also gain
more profits than that when he is a follower. In other words, either the manufacturer or the
retailer will gain more profits when one of them is more powerful in the supply chain. The
entire supply chain as well as the customer, however, will benefit from higher profits and

lower prices when there is no channel member is dominant.

6 Extended model with revenue sharing contract

6.1 Integrated retail supply chain
In this section, we discuss the optimal retail prices of integrated retail supplyehain which is

used as a benchmark. Here we just analyze the complex case when the retailer sells both

generations of products, that is 2—2 <0 < c¢; —cq + 1. Therefore; the profit function of
1

integrated retail supply chain, denoted as =/ (py,p,), is

' (py,p2) = (pr —c)(1 — pi:zz) + (P2 CZ)(pi:Zz B % )

It is easy to obtain the optimal retail prices of.integrated retail supply chain, as well as

corresponding sales volume and maximum profit. We summarize the above in Lemma 3.

. I _ 1+cq I _ 0+c2 I 1=0-c1+c2 I _ 0c1—c2 I( 0 I\ _ é
Lemma 3: p; = z ' P27 Dy = 2(1-6) ' D7 T 2(1-0)8 and m (pl,pz) Ty

9(1—01)(1—01—0+C2)+(9—C2)(9C1—Cz)
(1-6)6 '

where 4 =

Lemma 3 indicates that the integrated retail supply chain system will gain a maximal

1+C1
2

9+C2
2

profit ! (p!, pl) =é with optimal retail prices p] = and p} = . Compared with
decentralized retail”supply chain under different power structure, integrated system has a
lower retail' price,/ high sales volume and maximum profit than that of decentralized one.
Both the manufacturer and retailer in decentralized supply chain aim to capture the most
profit'which will cause double marginalization. Therefore, a price contract with a specified

quantity cannot coordinate the supply chain effectively. If and only if the manufacturer sets
its wholesale price equal to the production cost, the retailer can get a profit of %, but the

manufacturer will get nothing. Therefore, without other contract to guarantee positive profit,
manufacturer will never decrease wholesale price to production cost.

6.2 Revenue sharing contract
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The previous study is based on a price contract with a specified quantity, which is actually a
price contract with a specified quantity. However, in this section we extend our work based
on other coordination contract, for example, revenue sharing contract. This contract is an
important and typical contract, which was early used in the video cassette rental industry and
gain great success (Cachon and Lariviere, 2005) and now is widely studied and applied in
many areas (Gerchak and Wang, 2004; Li et al., 2009; Kong et al., 2013; Tang et al., 2014;
Zhang et al., 2015). Here we work on the extended model with revenue sharing contract to
study the complex case when the retailer sells both generations of productsonly; because the
case when the retailer sells one generation product is relative simple: We assume that the
manufacturer sets wholesale price w,, and w,, (in this section, all the variables with a
new subscript r mean the revenue sharing contract), the retailer gives the manufacturer a
percentage of his revenue. Let ¢ be the fraction of retailer’s revenue that retailer himself
keeps, so 1 — ¢ is the fraction the manufacturer earns where” 0 < ¢ < 1. Therefore, for the

case when the retailer sells both generations of products, the profit function of retailer is:

nr(prl' Prz) = (¢pr1 - er) (1 - %) it (¢Pr2 - Wrz) (% - %) (6)
The profit function of retailer is:
T (Wyq, Wrp) =
Pr17Pr2 Pr1—DPr2 Pr2
Wr1 —c1+ (1 — @)pr] (1 =, ?) + Wy, —c2 + (1 = P)pr2] (? - T) (7)

Regarding the supply“chain coordination with the revenue sharing contract, the
following proposition ¢an be obtained.
Proposition 6:-The.retail supply chain can be coordinated with revenue sharing contract

with the“condition satisfies w,.q; = ¢pcq, W, = ¢pcy. With this contract, the retailer’s

profit is %d) and the manufacturer’s profit is %(1 — ¢), where ¢ satisfies i< () <%

in MS power structure, ¢ =% in VN power structure, and %< [0} <% in RS power

structure, respectively.
This proposition indicates that the revenue sharing contract can coordinate the retail
supply chain and achieve the Pareto improvement under the given conditions for different

power structures. With the revenue sharing contract we have designed, the manufacturer
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should set the wholesale prices which is less than unit production cost namely, w,; = ¢c;
and w,., = ¢c,. From this perspective, the manufacturer cannot gain any profit from the
product sales directly, however, the retailer obtains profit from the product sales, and it share
a fraction of revenue to the manufacturer to compensate the manufacturer’s sacrifice. After

making “a bigger pie” through collaboration by revenue sharing contract (Please note that in

MS model 2+ £ < i’, in VN model 2+2 < i‘, and in RS model & + 2 < /—1), the-pie can
8 16 4 9 9 4 16 8 4

be split between manufacturer and retailer, %d) for the retailer while %(1 —¢) for the

manufacturer. However, the allocation is not arbitrary, since the particular profit allocation
ratio ¢ chosen probably depends on the firms’ relative bargaining pewer. In MS power

structure, the manufacturer has more bargaining power than the.retailer,'so the manufacturer
will ask for more than half of the revenue (because i< P-< % then %< 1-¢< 2).
Similarly, in the RS model, the retailer has more power to own more than half of his revenue

(% <¢p< %). And in the VN power structure, the.retailer-and the manufacturer have balanced

power, theoretically they will divide all thewprofits equally (¢ = %). Therefore, we can

conclude that the supply chain coordination.by revenue sharing contract helps make the pie
bigger than that without coordination, and the power structure determines how to split the
pie between supply chain-members, the supply chain member who has more power will
share more pie. The following figure gives us an obvious description of mechanism design

of coordination parameter ¢ in different power structure.
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Figure 3. Profit allocation ratio in different power, structure

From the above propositions we know that this revenue.can coordinate the retail supply

1+
1 and

chain, so the retailer can sell the products as thé-optimal price p,; = pl =

Dr2 = P =¥. However, will this coordinating contract influence the product choice
decision? The following proposition gives us an answer.
Proposition 7: With the revenue sharing, contract, the retailer’s product choice decision

- - _r
criterions are: the lower bound.@" = 2—2 and the upper bound @& =c, — ¢y + 1, where
1
Z—2<c2—c1+1 for any /0 <'c, £ ¢, < 1.
1

This proposition gives Us an insight of the retailer’s product choice decision with

revenue sharingicontract. We find that there exist a lower bound 6" = z_z and an upper
1

bound gr= ¢, —/c; + 1, which provide retailer the product choice decision criterions.
According to/Proposition 1, we know that the bounds are dependent on the optimal pricing
policies.” However, it is interesting to see that different optimal pricing policies with
wholesale price contract and revenue sharing contract result to the same product choice
decision criterions. Therefore, we believe that the revenue sharing contract does well in
coordinating the retail supply chain and achieving a Pareto improvement, but does not affect
retailer’s product choice. This is an important conclusion for a retailer who faces end-user

directly, the retailer does not need to worry about product choice problem with different
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contract.

7 Conclusions

In this paper, we studies two-stage retail supply chain consisting of one manufacturer and
one retailer. The manufacturer produces two generations of products which are classified
into new and old. However, customers are heterogeneous in the valuation of these two
products due to the different production processes, hardware configurations, and
differentiated after-sale services, or result from two different generation products. Based on
the customer’s net surplus, we segment the markets and derive demand functions for the new
and old products. To reduce inventory risk while effectively meet-customer demand, the
retailer should decide which products (single or both) to purehase and how to pricing. In
addition, market power has been considered in our models. This study provides several
interesting observations.

Observation 1. Retailer’s product choice decision criterions and behaviors can be
quantized by identifying a low threshold and, a high threshold that are related to the
production costs (c;,c;), and estimating.the customer acceptance of old product () in each
power structure. What’s more, the product choice decision criterions and behaviors will not
affected by power structure, and they are steady in any competition situations.

Observation 2. Differentpower structures have a great influence on the retail supply
chain’s decisions and.profits. No matter the retailer sells one generation product or both
generations of products, in VN power structure the manufacturer and retailer engage in
intense competition, the retailer will set relatively low retail prices than that in MS and RS
power structure. The manufacture will set relatively high wholesale prices when he is a
leader. Both manufacturer and retailer will capture greater profits when he is more dominate
than\ether. The entire supply chain will be in the best performance when the manufacturer
and retailer have balanced power. On the other hand, the sensitivity of supply chain members’
and the entire supply chain’s profits to the customer acceptance of old products in different
power structures is consistent with the relationship of profits in different power structures.
That is to say, more power will get firm greater profits, however, it may also bring massive

loss as the change of consumer behavior.
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Observation 3. A revenue sharing contract can coordinate the retail supply chain and
achieve the Pareto improvement under the given conditions. The profit allocation is decided
by the bargaining power between them. That is, the revenue sharing contract helps the entire
supply chain make a bigger pie, and the power structure helps to split the pie, namely, the
one with more power will be allocated more profit. Further, we find that under revenue
sharing contract the lower bound and higher bound are consistent with that under wholesale
price contract. That is, no matter wholesale price contract or revenue sharing ‘contract
between the manufacturer and retailer, the retailer’s purchase decision critérions will not be
influenced.

This study provides a general analytical framework for pricing and product choice
behavior based on customer value theory in a two-stage (retail ‘supply chain with one
manufacturer and one retailer. For the industrial applications ef eur model, our research can
offer insightful managerial implications. For the retailer, "he would like to get the cost
information of products, meanwhile estimate the custemer acceptance of old product based
on some historical data, expertise, or the\industrial reports on the similar products, to
quantize the product choice decisions:“For.the’ manufacturer, though the retailer’s product
choice decisions depend on the-~cost information, the manufacturer can manipulate it.
Because our model do not consider manufacturer’s stock-holding cost, if one generation
products encounter poor.Sales, the manufacturer can adjust wholesale prices purposely to
change retailer’s purchase decision. However, that will be at the cost of profits. As other
models used incthe.literatures, our model is built based on some assumptions too. For
example, our model” assumes that a retailer sells two substitutable products belong to
different generations purchased from one manufacturer. One meaningful extension of this
work_is to~consider two or multiple retailers who sell substitutable products form two or
multiple manufacturers, in which the chain to chain competition can be studied. Another
extension is to consider stochastic demand based on customer value theory in the future to

explore the effect of demand uncertainty on pricing decision and product choice.
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Appendix

Proof of Lemma 1
P2

P1

From demand function (1) and A2),"when =< 6 <1 —p, + p,, the profit function of

manufacturer is:
T (Wy, W) =(Wp— ) (1 — %) + (w, — Cz)(% - %) (Al)

the profit functionof retailer is:

T (P1, P2 )= (01 —w) (1 — %) + (p2 — WZ)(% - %) (A2)
MS maodel:
Forkl (Al), we get anr(;zll,pz) _ —1+9+2pi;i1;2—wl+w2 ’ 6nr§z;z,p2) _ 29p1—(i112+—£\;/1+w2 ,
TR = — <0 TR o o o2 and SRRl SR - L Then
0*nr(p1p2)  9*mr(p1p2)
aznra(ipz) azi’:ii;z) = (1_49)9 > 0. Therefore, m,(py,p,) is joint concave in p; and p,.

Op20p1 op3

Let ony(p1,02)

= 0, we obtain
op1
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—1+9+2p1—2p2—W1+W2

~1+6 =0 (a-1)
Let 2TrPpa) 0, we obtain
op2
S =0 @2
Then, we can derive p; = —— ™2 Substituting p; and p, into (3), we can

get:
1 1
(14w +5(-0-wy) (1+wl)+ ( 0-W2) 04w,
T (Wy, wp) = (—¢q + wyq) [1 —2 1_29 + (=2 +wy) |3 20
(A3)
Omm(wWy,wy)  —1+042wy—2wy—c1+C; O (Wi,w3) | 7 cp—c10+2w160-2w,
From (A3), we get —r o= = 2(-116) ’ owe 2(1-6)6 ’
0% (wy,w 1 0% (w,w 1 1 02T (wy,wi 0’ (w,w 1
m(21 2)=_ <0, m(21 2)=____and m(12)= m(w1 2)=_>
owyg 1-6 ows 1-6 (7] owp0w, ow, 0w, 1-6
?mm(wiwy) 0% (wy,wsp)
ow? ow, 0w, 1 ...
0. Then S wiwy)  Otmmwawy)| = (=070 > 0. Therefore, m,,(w;,w,) is joint concave

Ow, 0w, w2

O (W1, W) Oy, (Wy,W5) —1+04+2w;—2wy—c1+C;

in w; and w,. Let e 0 and o, 0, we obtain 2 110) =
—c,0+2w,0—2 : +1 o+ :
0 and 2212772 — 9 Then, weican derive wMS = 2= and wiS = ZZ2 Replacing
2(1-6)6 2 2
. 3+

w, and w, with wMS and wS into p, and p,, then we have pMS ="t and
MS _ 30+c,

2 - 4

VN model:

We denote 'the marginal profits of new product and old product as m; = p; —w; and

m, = p, — wj, respectively. Then the manufacturers’ profit functions become

o (my+wq)—(mz+wy) (my+w1)—(ma+wy)  (Mat+w,
T (W= (wy — ¢;) [1 — =t + (w; — ¢5) Jmptwa) _ Matie (Ag)
o1y (W, w 1-6-wi+wy—p1+py+ci—cC
Form (A4), we get m(Wy,w5) — 11TW2—P1+P2+C1—C ,
an 1-6
Omm(Wy,wz) _ 6c1—C2—0p1+p,—0wi+w, 021t (Wy,wp) _ 1 <0 02 (wWy,wy) _ 11
ow, (-1+6)8 ' aw? T 1-6 ’ ow? T 1-6 6
02 (Wi,wp) 027, (Wy,wy)
921, (W, w 021 (W, w ow? ow, 0w 1
ang LImin) _ St Lo hen | OV owaows | _
ow,0w, 0w, 0w, 1.9 0%t (wy,wy) 0% (we,ws) (1-6)6
ow, 0w, aw2
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Therefore, m,,(w;,w,) is joint concave in w; and ws.

Ot (W, wy)

Let = 0, we obtain
owq
1-0-wi+Wwy—pi+patci—Cy )
o =0 (@-3)
a , ]
Let ZmWawa) _ g \ve obtain
ow,
9C1—C2—9p1+p2—9W1+W2 _
(-1+6)6 =0 (a-4)
142 0+2 2+ 20+
From (a-1) to (a-4), we get w/N = 361, wyN = TCZ pYN =% and p/¥ = TCZ
RS model:

From (a-3) and (a-4), we get w; =14+ c¢; —p; and w, = 6 + ¢4 — p,. Substitute w, and
w, to (4), we get

m-(p1,p2) = [p1 — (1 + ¢1 — p1)] (1 - %) + [(p2 =0 +¢; — p2))] (pl L %) (Ad)

oy (p1, —3+30—c1+c+4p1—4 Oy (P, Oc1—cy—40p1 +4 8%, (py,
From (A4), r(P1.02) — 1TC2T4P1—4D2 r@1p2) _ Oci—c D11T4P2 r(P1p2) —

a1 ~1+6 : dp, (-1+6)6 : ap2
9%m,(pq, 4 4 02m,(p1, 9%m,(p1, 4
_ <0 |, r(P21 p2) - _ - and r(P1,P2) — r(P1,P2) — ) Then
1-6 ap5 1-6 2] dp10p> dp,0p1 1-6

azﬂr (p1.02) 62nr(p1,p2)

ori Omop2 | _ 16 - o Therefore, 7,.( ) is joint concave in p; and
02m (p1p2)  9*m(p1pa)|  (1-6)6, rP1, P2 P1 P2
0p20p1 op3
0 , 0 , . 3+c 30+c
Let r(p1,02) — r(p1,02) p 0, we’can derive pfs —_ 24 and p§ — 36+Cy Replacmg P4
op1 op2 4
_ 143¢;

and p, with pRS and PRS”into w; and w,, then we have wiS = and wkS =

9+3C2

. This completes the proof.

Proof of Proposition 1
1) From.Table 1, for the MS model, when selling both generations of products, the optimal

prices are pMS = % and p)S = 39+C2 . The optimal solutions p¥S and pMS must satisfy

pMS 30+c 3+c 3+c 30+c
pfws p¥S + p¥S , namely (TZ)/( 1) <@ and <1-=“+—-.
Through simplifying, the first inequality |mpI|es < 6 while the second inequality implies

6 < 1 — ¢; + c,. Therefore, in MS game model the lower bound is M5 = Z—Z and the upper
1
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—MS
boundis 8 =1 —c; + c,. When the real acceptance of old product 8 is sufficiently low,

satisfying 6 < 6M5 = z_z the demand of old product is zero and only new product is sold;
1
and when 6 > 1 — ¢; + c,, the demand of new product is zero and only old product is sold.

—VN
Similarly, we get the lower bound 8"V = z_z and upper bound 8 =1-¢; +c, in VN
1
—RS
game model, and the lower bound 6% = 2—2 and the upper bound 8 =1 —¢; ¢, inRS
1

game model. From the above derivation, obviously we have M5 = "N ="gkS = Z—z and
1

—MS —VN —RS
6 =60 =60 =1-c +c,.
2) From demand function and the proof of part 1), it is easy to know thatwhen 6 is lower

than the lower bound 2—2 the demand for old product is zero; @and.when 6 is higher than the

upper bound 1 — ¢; + ¢, the demand for new product is.zero; and when 6 is between -2

C1

and 1 — ¢; + ¢, the demand for both products are pesitive. This completes the proof.

Proof of Lemma 2

MS model:

From demand function (1) andy.(2), when 0< 6 < 2—2 - (p1,p2) = 1-(p1) = (p1 —
1

2
w1 =py) . d”dr—;’zl) =1 - 2py+w; and d%épl) = —-2<0. Therefore, m (p;) is
concave in p;. Let d”d’—;pl)z 0, we get p; = 1+2W1. Substituting p; into 7, (wy, w,) =
1
1+w,q dmym(wi) _ 1+c1—2wy

)

Tym(wy) = W, —cp)d —py) = (wy —c))(1 — ), we get

2 dW1 2

2
2w _ _1°2 0. Therefore, m,(w,) is concave in wy. Let Zm™) _ ¢ e get

ow? dw,

1+ . . . 3+
wit =52 Replacing wy with wlf® into py, then we have p}f® = ==.

dm,(p2) =1—

When ¢, —c;+1<60<1, m.(p,p2) =n.(p2) = (p2 —wy)(1 — %) . ip,

2, w2 a?mr(p2) _

2 i H dm,-(p2) _
o T o Tapm —2 < 0. Therefore, m,(p;) is concave in p,. Let P 0, we get

Py = % . Substituting p, into m@,(w,w,) =m,(wW,) =W, —c,) (1 — %) =
0+w drm(wy)  O+cy—2w,  d?m,(wy)
(wy — ) (1 — 292)’ we get ;"sz = 22 2 o 2 = —1 < 0. Therefore, 1,,(w,)
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dmy, (wa)

w2

=0, we get wMS = 222 Replacing w, with w'1s

is concave in w,. Let into p,,
39+C2

then we have pMS = ”

VN model:

From demand function (1) and (2), when 0 < 8 < z_z remember that the marginal profits of
1

new product is my; = p; —w;y, then m,(wy,w,) =T (W;) = Wy —c)(1 —my —wy),

d”m(Wl) — 1 _ dz”m(wl) _

we get p1 — wy + cq, = —1 < 0. Therefore, m,,(w;) s concave

in w;. Combine

—d”:(wl) =0 and —d”;;pl) =1-2p; +w; =0 (fromyMSymodel when
1

wq

__1+2 _ 2+
0<6 <—) we get wi' =—= and pg' = =+

When ¢, —c; +1 <6 <1, remember that the marginal profitstof old product is m, =

my+ws, drng,(wy)

dW2

pz —wo , then mp,(wy,wy) = mp(wy) = (W, — ) (T ), we get

O0-pr—wa+c; A%, (W)

1 . . .
=—5<0. Therefore, m,,(w,) is concave in w,. Combine

6 ' ow2
IimWa) — o and L2 - 1—2ﬂ+——0 (from MS model when ¢, —c; +1 <6 < 1),
dw, dap>
o 6
we get wYl = +202 and p/V =2+

3

RS model:

From demand function (1) and (2), when 0 < 8 si—j from LZmW) _ 4 _ pL—wy+c =

w1

0 (from VN modelwhen 0 < 6 SZ—Z), we get w; =1 —p; +cy. Substitute wy into
1

- (pu,p2) =M@= 01 —w)A—-p) =@ —1+p—c)A—p) we get
d”dr—;pl) 3 —4p{+c; and dL(pl) —4 < 0. Therefore, m,.(p,;) is concave in p,. Let
1
d—’;r:’—l) =0, we get p& = 461. Replacing p; with p&S into wy, then we have wk =
1

1+3cq
P

drng,m(wy)  0—-pa—-wa+c;

When ¢, —c;+1<60<1, from FIa 5

=0 (from VN model when

c;—c;+1<6<1), we get w,=60—p,+c,. Substitute w, into m,.(py,p2) =

39—4p2+C2

dmr(p2)
r(p2) = (p2 — w2) (1—%)=(p2—9+p2—62) (1—%), we get 7:”:2 = 0
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d d?m,(p;) —

and —=

—%< 0. Therefore, m,.(p,) is concave in p,. Let M(;—:’Z)z 0, we get
2

36+ : : : 0+3 .
psy = — 2. Replacing p, with p into w,, then we have w5’ = =——=2. This completes

the proof.

Proof of Proposition 2

3-360+c,—c 1-0+c1—c 1% 1%
From Table 1, pMS — pi5 = — L 2>0, wMs —wifS = —21 2> 0, pYNs iV =
2—-260+c,—c 1-0+4+2c1—2c 3—-304c1=c¢
—31 >0 , Wl“"—wz”"—_—g1 >0 , PfS—Pgs_———41 £>0 and
1-6+3c1—3c 0%—(1-2c1+cy)0—¢
W]I_?S W;S _ 1 2 >0 ) D:{VIS DéVIS _ ( 1+C2) 2 DlVN DZVN —

4 4(-1+60)0 !
92—(1—2C1+C2)9—C2

3(-1+6)0

_ 92—(1—2C1+C2)9—C2
- 4(-1+6)6

and DRS — DES Define f(8) = 02 — (1 — 2¢, +

;)0 — ¢y, assuming f(68) = 0, because A= (1 — 2¢; + ;)% +4c, > 0, there exit two real
9. — 1-2cq+Co++/ (1=2¢1+C3)%+4c, 1=2¢1+€63—/ (1-2¢1+C3)%+4c,
0 -_— .

roots > and 6y.= > Because
0,0y = —c,, then 6, > 0 and 6, < 0, reject B
Next, we aim to prove 0, € (z—z, c;—c;+1) . Firstly,
1
_J0=2c 702 14c,
¢, —cp +1— 0, = eyd-2ate) i , then we have

2

T4+c—(A =20+ )2 F40, >0 14+c, >(1—2c;+¢)2+4c, & (1 +

)2 > (1 —2¢c; 4+ ¢)% % 4c, © 4(1+¢1)(c; —cy) >0 for any 0 < ¢, <c¢; <1. That

. fo \/4C2+(1—2C1+C2)2—(—1+2C1—C2+2Cﬂ)
i, 8y < c, —cy #1. Secondly, 6, — == > — If =1+ 2¢; —
1

c2+%so, we ', get \/4c2+(1—201+c2)2—<—1+2cl—c2+2£)>0 for any

€1

0<c<ci<T; and if —1+2c;—c,+22>0, we get fdc, + (1 — 2c; + )2 >
1

2¢c, 2 2¢y 2
—1+261—cz+C—(=>4c2+(1—261+cz) >(—1+2c1—cz+ )
1

C1

2@ o g forany 0 < ¢, < ¢; < 1. Therefore, 6, > =,
1

C1

Therefore, when 6 € (2—2,90] , f(®)=6%2—(1—2¢c;+c)0—c, <0, and then
1

DMS > pMS  pDYN > DVN and DRS > DS, and if 8 € (0g,c; —c; +1), f() =62 —

(1—2c;+¢,)8 —c, >0, and then DM® < DM D/N <DYN and DRS < DRS. This
1 2 1 2 1 2
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completes the proof.

Proof of Proposition 3

MS VN

From Table 1, a';’é:s = % a‘g? =§ and a‘;’; = %. That is, a‘ge > a‘;’; > a‘ggs > 0.

WE_2  gng WL gy gy, B L onT

aZTQMnS _ (ecl-c;2§¢9_3)z;22—29c2) >0 | ag};nN _ (acl-cszie_c;;;zz—zecz) >0 and

agfls _ (ecl—clzﬁ)((la_c;-)n-zc;z—zecz) >0 . That iS, a,;;l\;fls ag;‘?lN S agfls >0

amMS _ (Bci-ca)(@cr+cy—26cy) >0 omYN _ (8ci-ca)(Bcs+05520c,) <0 and
L) 16(1-6)262 ! 26 9(1-9)2p2

aggs = (ecl_cgzﬁ‘;l;gzz_wCZ) > 0. That is, aggs > aggN > aggls >0..“This completes the

proof.

Proof of Proposition 4

1) From Table 1, wMS —wyN == —= >0, Wi’ —wf = - —=>0 and wy" —wf’ =
1161>0 wi! W;/N—GCZ>0 w! W§S=%>O and W;/N—W§S=%>O.

Thatis, wMS > wYN > wkS andwis > wyV > wkS

2) From Table 1, pM¥~pRS =0 and p}S —piN = % >0; pfS—p& =0 and

py'S —py™ = =2 X0, Thatls, pifs = pfS > p{™ and p}fS = pfS > pj¥

3) From Table & DMS — DRS = 0 and DMS — pYN = —% <0; DMS _DRS =

and DM’ pyn —112’(1—;) <0; aM — /N =0 and a5 — RS =0; aMS — Q¥N =
0 and a7~ af® =0. That is, D" = D < DYV, Dy = DJ¥ <DV, o) = af" =

afs and alf = a¥V = ok

A 74
4) From Table 1, nMS — gVN =->0, MS — gRS = — 250 and n/N — RS = >0
MS VN _ _ 74 MS RS _ _ A VN RS A . o MS
Ty > — 1Ty ——m<0, > — 1, __E<0 and /" —m; ——5>0, Ty —

54 :
n¥N=—m<O and M5 — RS =0. That is, a5 > VN > gRS RS > gI/N > gMS

and YN > aMS = nRS_ This completes the proof.
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Proof of Proposition 5

1- 1-
1) From Table 2, pMS —pBS =0, pMS — pVN = 51 yMS _ VN — Cl >0, wi

12
RS _ 1-¢1 VN RS _1-¢ MS RS _ MS VN _ _1-c
Ws1 = 4 >0, Wgi —Wgp = 12 >0, Dsl _Dsl_o! Dsl _Dsl__12 <0,
MS vn _ (1-c1)? MS RS (1-c1)? VN RS 7(1-c1)?
Tms1 — Tins1 = 72 >0, Tms1 — Mms1 = 16 >0, Tms1 — Tins1 = 144 >0,
MS vN . 7(1—cy)? rRs _ _ (1-c1)? RS _ ‘(1-ep?
Trs1 — Myps1 = Y <0, T[rsl — Ty = 16 <0, 7Tmsl — Tlns1 = = 2 <0,
MS RS _ MS vN _ _ 5(-cy)?
T[Sl - T[Sl —_ O and T[Sl - T[Sl —_ T < 0
MS RS _ MS VN _ B-¢ MsS vN L 06— Cz
2) From Table 21 Ps2” —Ps2 = 0, Ps2 —Ps2 = 12 ! Wer —Weo = >0, W
RS _ 06— Cz Rs _ 60— Cz DRS — MS VN 6-c;
WSZ_ >0 W _WSZ_ >O D 52—0, DSZ _DSZ —_T<0,
MS vn _ (0-c)? MS RS (8-cy)? VN RS _ 7(8-c3)?
Tms2 — Mins2 = 726 >0, Tms2 — Mms2 = 166 >0 y Mms2 — Mips2 = 1446 >0,
MS _ 7(9—02) _ (- Cz) RS _ (9—02)2
Trs2 — nrsz 1440 <0, T[rsz - nrsz 160 <0, nmsz —Thins2 = 720 <0,
S(Q—Cz)z

oS — B =0 and 75 — VN < 0. This completes the proof.

1440

Proof of Lemma 3

on!(p4, —1+0—ci+c+2p;—2 or!(p, Oc1—c—26p;+2 a2nl(py,
From (5), (1p2) _ i+Ca42p1-2p; (P1p2) _ Bc1—c2—20p1+2p; (1p2) _

ap1 -146 ' ap, (-1+6)6 ' op?
%l (pyps) N 2 0%l (pyp2) _ 3*n'(pypz) _ 2
1-6 <0, ap2 T (-146)6 and ap10p,  0pxdp;  1-6 We  have
_2 2z
é 1-0 16 & 9)9 > 0. Therefore, 7/ (py,p,) is jointly concave in p; and p,. Let
1-6  (-1+0)0
on! (pq, orl(py, 1+ 0+
TPy _ JTOR) _ e get pf =% and pl =22 Then we can get D! =
p1 ap>
1—9—C1+C2 I _ GC]_ Cp é _ 9(1—C1)(1—C1—9+C2)+(9—C2)(9C1—Cz)
—o Y Da =317 and n!(pl,pl) = " where A = —0)s )

This completes the proof.

Proof of Proposition 6

ony(Pr1,0r2) — —p+0P+20Dr1—2PDr2—Wr1+Wrp
6p,-1 —-1+46

From (6), we get
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01y (Pr1,Pr2) — 200Dr1—2¢Dr2—0Wr1+wy; aznr(prltprz) - _ 2¢ <0 627Tr(pr1,pr2) - _ 2¢
pr2 (1-6)6 ’ a2, 1-6 ' a2, (1-9)6
_2¢ 2¢
021, (Dr1,0r2) aznr(prlrprz) 24’ - 1-60 4¢?
and = We have > 0. Therefore,
dpr10Dr2 Opr20pry  1-6 _4> _2¢ [T a-epe
-0 (-1+0)0
PR H Onty(Dr1,0r2) _ Onr(Pr1,0r2) _
-(pr1, Pr2) IS jointly concave in p,; and p,,. Let o = =0, we get
ri r2

—P+00+20pr1—2¢Dr2—Wr1+Wp =0 and 200Dr1—2¢Pr2—O0Wr1+Wp =0.

~140 (1-670 In order to coordinate

the supply chain, replace p,; = p! and p,, = p} to aforementioned equations, we get

Wy = ¢c; and w,, = ¢c, . Therefore, we can get m,(pl,pl) =(¢pl'= ¢cy) (1 -

1
D) = gl (o) =2 . and s @) = ey -

BB 1 (¢} — bez) (”fjgz
e+ (1- )Pl (1-2222) + [pe, — ¢ + (1 — pph] (B2 Be)

(1-)r!(pl,p)) = %(1 — ¢). In MS model, the manufacturer is the leader. The retail
supply chain can be coordinated and it have to satisfy-thatwrr, (pl, p2) > M5 (M5, p¥5) and
T (Wyep, Wyp) > TS (WS, wiS), that is —q_’> > —oand - (1 - ¢) > =, then - < ) < = 1In
VN model, the retailer and the manufacturer have balanced power, so they will divide all the
profits equally, that is ¢ = ; In RS=model,’the retailer is the leader. The retail supply chain
can be coordinated and it  have/ to satisfy that nr(p{,pé) > RS (pRS, p&S) and
Ty (Wye1, Wyp) > RS (WES,wRS) pthat is —qb >— and = (1 ®) > — then —< ¢ < . This

completes the proof:.

Proof of Proposition 7

From Lemma 3, we get p! =

that % < @ provides us the lower bound and 6 < 1 — p; + p, provides us the upper bound.
1

We have (6262)/(1”1) <6 and 6<1-— 1261 +6J;Cz. Though simplifying, the first
inequality implies z_z < 6 while the second inequality implies 8 < 1 — ¢; + c,. Therefore,
1

with revenue sharing contract, we get lower bound 8" = z_z and the upper bound g = Cy —
1

¢, + 1. This completes the proof.
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