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Considering that a manufacturer and its core part supplier make collaborative R&D on serial products of 3 grades, high-, mid-, and
low-grade, and their core parts according to costumers’ preference for the performance, or intrinsic value, of products, we propose
a collaborative R&Dmodel based on costumers’ selection behavior to study the collaborative R&D policy and pricing policy of the
supply chain. Then we establish a bargaining game model to study how they allocate the profit they earned. We obtain the optimal
policies through theoretic and experimental analysis, and we use Apple iPhone case to illustrate the models and conclusions of
this paper. It is found that if the aim of the supply chain is only to maximize its total profit, it should only develop the high-grade
product and make its price half of its intrinsic value; if the aim of the supply chain is to maximizing profit while increasing the sales
andmarket shares of the serial products, it should at least develop the high-grade and low-grade product; the ratio of price between
the higher grade and the lower grade should be greater than the corresponding ratio of the intrinsic value, while the difference of
price between higher grade and the lower grade should be less than the corresponding difference of the intrinsic value.

1. Introduction

With the increasing competition and the rapid change in
customers’ demand, manufacturers must continually develop
series products of multiple grades, which have the same
core function but different performance, configuration, and
quality, in order to better meet the personalized demands of
heterogeneous customers [1]. However, around 80% of prod-
uct innovation ends in failure each year, even Coca-Cola has
developed the new Coke which has been sold in the market
for only three months [2]; Apple, which is renowned for
innovation, also has developed a Macintosh Portable laptop,
Newton handheld computers, QuickTake digital cameras,
and other large number of products, which are failures as they
did not meet the demands of customers, or their prices were
too high [3].Therefore, it is crucial formanufacturers tomake
the right decision on developing the right serial products with
right function and performance. Meanwhile, as the product’s
core part plays a key role in the function and performance
of the product, many manufacturers invite their core part

suppliers to conduct collaborative R&D tomake sure that the
core part well matches all products of the same series [4]. It
has become the key issue of a modern manufacturer building
the competitive advantage that makes the collaborative R&D
and pricing policy of the product according to customers’
preference and selection behavior, in order to develop a series
of products satisfying demands of heterogeneous customers.

Most of the researches on product selection and/or
pricing policy based on customer selection behavior focus on
that of retail dealers [5–8]. Recently, some scholars began to
make research onmanufacturers’ operation policies based on
customer selection behavior. Li and Huang studied how the
supply chain of product family makes the product selection
and components replenishment policy of the product family
according to the heterogeneity of the customer [9]. Shao
and Ji analyzed the pricing policy of the ATO supply chain
of two products under customer heterogeneity preferences
[10]. Schön studied how the supply chain makes price
discrimination and product line selection policy based on
customer choice behavior by establishing attraction choice

Hindawi
Mathematical Problems in Engineering
Volume 2019, Article ID 2573142, 9 pages
https://doi.org/10.1155/2019/2573142

http://orcid.org/0000-0002-5330-8274
http://orcid.org/0000-0001-8195-8488
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2019/2573142


2 Mathematical Problems in Engineering

models [11, 12]; Li, Dan, and Huang analyzed the impact of
customer selection and out-of-stock substitution on supply
chain product pricing and component replenishment deci-
sions [13]. Ding et al. considered the customer’s preference
for luxury and environmental protection and studied the
pricing policy for remanufacturers [14]. However, none of
the above studies is related to how manufacturers develop
their product R&D and pricing policies based on customers’
selection behavior.

As themainmode of collaborative R&D, the collaborative
R&D of supply chain has been of widespread concern and
deeply studied. Ge, Hu, and Xia studied the supply chain
cooperative R&D investment policy and product producing
policy under the assumption that the upstream and down-
stream enterprises of the supply chain cooperate in R&D and
determine the yield of product according to the wholesale
price of the product [15]. Frascatore found that the profits of
both the upstream and downstream enterprise of the supply
chain will be raised if the upstream enterprise invests in
the downstream enterprise’s R&D of reducing production
costs [16]. Matsui studied the impact of pricing methods
of total-cost-based and variable-cost-based on the supply
chain cooperative R&D policy under the condition that risk
aversion production executives face the uncertainty of R&D
investment [17]. Wang, Ji, and Ming found that the perfect
shared contract of the information products supply chain
can more effectively promote the transfer and absorption
of knowledge among partners [18]. Chen, Zhang, and Song
applied principal-agent theory to design the knowledge
trading incentive mechanism for upstream and downstream
enterprises of the supply chain based on the existence of
bilateral moral hazard between supply chain enterprises [19].
Xu, Zheng, and Chen constructed six collaborative R&D and
pricing models of two-level supply chain and proposed the
methods of obtaining the optimal solution of themodels [20].
However, none of the above literature considered whether
the products meet the demands of customers. However, as
wementioned above, heterogeneous customers have different
preferences on product’s performance, configuration, and
price, and ignoring that may cause manufacturers to develop
products that do not meet customers’ demands. Therefore,
the manufacturer should take into account customers’ selec-
tion behavior when making supply chain collaborative R&D
and product pricing policy with its core part supplier.

In this paper, we assume that the supply chain consists
of one manufacturer and one core part supplier, and the
manufacturer invites its supplier to make collaborative R&D
on 3-grade products, including high-, mid-, and low-grade
products, and their core part. Customersmake their purchase
decision according to their heterogeneous preferences on
products’ performance and configuration or their selection
behavior. We propose a supply chain collaborative R&D
model based on customer selection behavior, in order to
study how the manufacturer and its core part supplier make
their collaborative R&D policy and product pricing policy
to better meet individualized demands of heterogeneous
customers. Then we establish a bargaining game model to
study how they allocate the profit they earned. Through
theoretic and experimental analysis, we obtain the optimal

policies of the supply chain, including the products that
should be developed, their corresponding R&D investment,
and their allocation proportion of profit. Finally, we useApple
iPhone case to illustrate the models and conclusions of this
paper.

2. Problem Description and the
Collaborative R&D Model

2.1. Problem Description. A manufacturer plans to develop a
series of products of 3 grades, high, medium, and low.These 3
grades of products have the same core function, but different
performance, quality, appearance, and configuration, which
can be regarded as the intrinsic value of product. This is very
common in reality. For example, in China, the vast majority
of automobile manufacturers provide high-, mid-, and low-
grade cars to customers, and the JS110-B series of Jianshe
Motorcycle consists of products of BF3 (high-grade), Ling Ya
(mid-grade), and Ling Ying (low-grade).

In the market, there are heterogeneous potential cus-
tomers, who have their individual preference on the series of
products. In other words, the same product brings different
utilities to different customers. When customers face the
products provided by the manufacturer, they make their
purchase decision by comparing the net utilities, or utilities of
productsminus their prices, brought by the products.The cri-
terion of customers making purchase decision is buying the
product which brings the highest nonnegative utility to them.
When customers buy products, their potential demands on
the series of products change into actual demands.

As the core part of the products plays a key role in the
function and performance of the products, the manufacturer
invited its core part supplier to make collaborative R&D with
it. In the traditional cooperation of supply chain, suppliers
and manufacturers make decentralized decisions; that is,
they make their own cooperation strategy with the goal of
maximizing their own profits. This will lead to the loss of
the total profit of the supply chain and their own profits due
to the double marginalization. As market competition has
changed from traditional competition between enterprises
to competition between supply chains, in order to provide
the overall competitiveness of the supply chain, suppliers
and manufacturers are transformed from traditional decen-
tralized decision-making to centralized decision-making. In
other words, they make the related policies with the goal
of maximizing the total profit of the supply chain, and
then they allocate the total profit through bargaining or
other means [21]. Therefore, in this paper, the manufacturer
and its core part supplier apply centralized decision-making
to make the investment policies of both parties with the
goal of maximizing the total profit of collaborative R&D.
Specifically, according to customers’ preference, or their
selection behavior, on the 3 grades of product, they make
joint decision on which grade(s) of product they should
make R&D investment in; in other words, they will select the
right grade(s) of product to develop. Besides, they make joint
decision on how much they should invest, respectively, and
the prices of the grade(s) of product. In classical economics, a
firm’s goal is maximizing its profit. However, when facing the
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very fierce market competition, the firm has to take account
of the sales volume or market share of its product. Therefore,
in this paper, we study how themanufacturer and its core part
suppliermake their R&D investment policies tomaximize the
total profit with the constraint of sales volume.

After they finish the collaborative R&D, the manufac-
turers release the grade(s) of product and obtain profit.
Then, they allocate the profit of collaborative R&D through
bargaining.

In this paper, we propose a collaborative R&D and
pricing model to study how the manufacturer and its core
part supplier jointly select the right grade(s) of product to
develop and make their decision on the amount of their
respective R&D investment, and how themanufacturer prices
the grade(s) of product according to the selection behavior
of heterogeneous customers. And we develop a bargaining
game model to study how the manufacturer and its core part
supplier allocate the profit of collaborative R&D.

2.2. �e Collaborative R&D Model. A manufacturer (labeled
as 𝑒) plans to develop a series of products for a market with
heterogeneous customers. The series of products includes
3 grades of products, high-, mid-, and low-grade products
(labeled as ℎ,𝑚, and 𝑙, respectively).The 3 grades of products
have the same core function, but different performance, qual-
ity, appearance, and configuration, which can be regarded
as the intrinsic value of product (hereinafter shortened as
“value”). Obviously, the value of the high-grade product
(labeled as 𝑉ℎ) is the highest, and the value of the mid-grade
product (labeled as 𝑉𝑚) is higher than that of the low-grade
product (labeled as 𝑉𝑙).

In the market, there are heterogeneous customers with a
total potential demand, 𝐷, for the series of products, or all
the 3 grades of products. The heterogeneous customers have
their own individual preference and evaluation on the high-,
mid-, and low- grade product. Some customers prefer high-
grade product; some customers pay more attention to the
price-performance; some customers are more willing to buy
low-grade product with low price. As a matter of course, all
customers agree that the value of high-grade product is the
best, the value of mid-grade product is the second, and the
value of low-grade product is the lowest. In other words, the
utilities of the same product brought to different customers
are different, and the utility of the high-, mid-, and low-grade
product brought to customers is 𝜌𝑉𝑖, 𝑖 = ℎ,𝑚, 𝑙, where 𝜌 is the
customers’ heterogeneous preference on the value of product
of grade 𝑖, and 𝜌 follows uniform distribution of [0, 1], that is,
𝜌 ∼ U(0, 1) [9, 10].

The potential demand of each potential customer is one;
that is, each potential customer buys only one product from
the whole series of products at most. When facing the series
of products provided by the manufacturer, the potential cus-
tomers make their purchase decision, determining whether
or not to purchase and which grade of product to purchase.
The criterion of customers’ purchase decision-making is to
buy the grade of product bringing the highest net utility,
or the utility brought by product minus its price, 𝜌𝑉𝑖 − 𝑃𝑖,𝑖 = ℎ,𝑚, 𝑙, where 𝑃𝑖 is the price of product of grade 𝑖 and
satisfies 𝑃ℎ > 𝑃𝑚 > 𝑃𝑙. Specifically, if and only if a potential

customer’s net utility from product of grade 𝑖, 𝑖 = ℎ,𝑚, 𝑙, is
nonnegative and the highest in the whole series of products,
the potential customer will purchase the product of that
grade, and the potential demand of this customer becomes an
actual demand. As a matter of course, when the performance
and configuration of the 3 grades of products and their prices
are determined, the net utilities they bring to customers are
determined, and their actual demands are determined too.
We label the ratio of actual demand of product of grade 𝑖
to total potential demand as 𝛿𝑖 (hereinafter referred to as
“demand realization rate”); that is, the actual demand of
product of grade 𝑖 is 𝛿𝑖𝐷.

As the performance parameter of its core part is crucial
to the performance of the series of product, the manufacturer
invites its core part supplier (labeled as s) to conduct collab-
orative R&D to make the core part better meet the design
and requirements of the series of product. In order to achieve
the expected performance and configuration, or intrinsic
value, the manufacturer and the supplier need to make
the corresponding R&D investment, and the relationship
between the value and R&D investment satisfies the Cobb-
Douglas function 𝑉 = 𝛾𝐼𝛼𝑒 𝐼𝛽𝑠 , where 𝛾 > 0 is a fixed constant,
representing the technical level of the collaborative R&D
between the two enterprises (referred to as “technical level”);
0 < 𝛼, 𝛽 < 1 are fixed constants and meet 𝛼 + 𝛽 < 1. 𝛼 and
𝛽 are the output elastic coefficients of the R&D investment
of the manufacturer and the supplier, respectively. 𝛼 + 𝛽 <
1 represents the decreasing returns to scale, or decreasing
marginal utility of R&D investment. In other words, with
the increase of R&D investment or the technical level, the
increment of technical level from the same R&D investment
decreases, or we should make more R&D investment to
obtain the same increment of technical level [22].

The process of the collaborative R&D is as follows. Firstly,
aiming at the goal of maximizing the total profit of collab-
orative R&D, taking into account the customers’ selection
behavior, the two enterprises determine the intrinsic value of
product of each grade, 𝑉𝑖, 𝑖 = ℎ,𝑚, 𝑙, and the corresponding
amount of R&D investment, 𝐼𝑒 and 𝐼𝑠. For example, a Boeing
777-200ER can be equipped with different engines, GE90-
115B, GE90-94B, or GE90-85B engine, where GE represents
the General Electric Company. Those engines are different
in thrust, which is determined GE. Therefore, the 𝑉𝑖 of a
777-200ER is determined by both Boeing and GE. Then,
the two enterprises make the collaborative R&D investment
and begin the collaborative R&D activities. The process
of collaborative R&D activities is as follows. Firstly, they
develop high-grade product and then, based on the high-
grade product, develop mid-grade and low-grade products
through adjusting the design and performance of high-grade
product (for example, Samsung developed S4 mini based on
S4). Obviously, the adjustment of design still needs R&D
investment, but because it is only adjusting the design and
performance of high-grade product, the relationship between
R&D investment and intrinsic value adjustment satisfies
|�𝑉| = 𝜆𝐼𝛼𝑒 𝐼𝛽𝑠 , where 𝜆 > 𝛾 > 0 is a fixed constant, reflecting
collaborative R&D technical level of adjusting the design and
performance of high-grade product. In order to facilitate
reading and understanding, the following sections of this
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paper use 𝐼𝑒ℎ and 𝐼𝑠ℎ, 𝐼𝑒𝑚 and 𝐼𝑠𝑚, 𝐼𝑒𝑙 and 𝐼𝑠𝑙, respectively, to
represent the investment of manufacturer and the core part
supplier in developing high-grade product, as well as themid-
grade and low-grade products through value adjustment.The
relationship between the value of product of grade 𝑖 and cor-
responding amount of collaborative R&D investment satisfies
𝑉ℎ = 𝛾𝐼𝛼𝑒ℎ𝐼𝛽𝑠ℎ, |𝑉ℎ −𝑉𝑚| = 𝜆𝐼𝛼𝑒𝑚𝐼𝛽𝑠𝑚, and |𝑉ℎ −𝑉𝑙| = 𝜆𝐼𝛼𝑒𝑙𝐼𝛽𝑠𝑙. |𝑉ℎ−𝑉𝑚| = 𝜆𝐼𝛼𝑒𝑚𝐼𝛽𝑠𝑚 indicates that when the manufacturer and the
supplier finish the R&D for high-grade product, they develop
mid-grade product through adjusting the performance and
function of high-grade product, such as Samsung developing
S4 mini from S4. Therefore, the difference increases with the
rise of R&D investment. |𝑉ℎ − 𝑉𝑙| = 𝜆𝐼𝛼𝑒𝑙𝐼𝛽𝑠𝑙 is the same.

As a result, the total profit of the collaborative R&D of the
manufacturer and the supplier is as follows.

𝜋 = ∑
𝑖=ℎ,𝑚,𝑙

(𝑃𝑖𝛿𝑖𝐷 − 𝐼𝑒𝑖 − 𝐼𝑠𝑖) (1)

3. The Optimal Collaborative R&D Policies

In order to determine the intrinsic value of high-, mid-, and
low-grade product, themanufacturer and the supplier should
firstly find out the demand realization rate of the product of
each grade given the values of the three grades of products.

Let 𝜌𝑖 = 𝑃𝑖/𝑉𝑖, 𝜌𝑖𝑗 = (𝑃𝑖 − 𝑃𝑗)/(𝑉𝑖 − 𝑉𝑗), 𝑖, 𝑗 = ℎ,𝑚, 𝑙 and
𝑖 ̸= 𝑗; we can obtain Proposition 1 as follows.

Proposition 1. �e manufacturer and the supplier make the
intrinsic values and prices of the products of the high-, mid-
, and low- grade meet the following requirement: 𝑃𝑖 < 𝑉𝑖,𝑃𝑚/𝑃𝑙 > 𝑉𝑚/𝑉𝑙, 𝑃ℎ/𝑃𝑙 > 𝑉ℎ/𝑉𝑙, 𝑃ℎ − 𝑃𝑙 < 𝑉ℎ − 𝑉𝑙, 𝑃ℎ − 𝑃𝑚 <
𝑉ℎ −𝑉𝑚, and (𝑃ℎ𝑉𝑙 − 𝑃𝑙𝑉ℎ) < (𝑃𝑚𝑉𝑙 − 𝑃𝑙𝑉𝑚) + (𝑃ℎ𝑉𝑚 − 𝑃𝑚𝑉ℎ).
�en the demand realization rates of three grades of products
are, respectively, 𝛿𝑙 = (𝑃𝑚𝑉𝑙 −𝑃𝑙𝑉𝑚)/𝑉𝑙(𝑉𝑚 −𝑉𝑙), 𝛿𝑚 = (𝑃𝑚𝑉𝑙 −𝑃𝑙𝑉𝑚 − [(𝑃𝑚𝑉ℎ − 𝑃ℎ𝑉𝑚) + (𝑃ℎ𝑉𝑙 − 𝑃𝑙𝑉ℎ)])/(𝑉ℎ − 𝑉𝑚)(𝑉𝑚 − 𝑉𝑙),
and 𝛿ℎ = ((𝑉ℎ − 𝑉𝑚) − (𝑃ℎ − 𝑃𝑚))/(𝑉ℎ − 𝑉𝑚).
Proof. From customers’ criterion of purchase decision-
making, we know that if a customer decides to buy a product
of grade 𝑖, 𝑖 = ℎ,𝑚, 𝑙, the customer’s net utility of buying
this grade of product is nonnegative and is the highest among
those of buying the high-, mid-, and low-grade product.

If customers buy product of low-grade, or grade 𝑙, there
must be 𝜌𝑉𝑙 − 𝑃𝑙 ≥ 0, 𝜌𝑉𝑙 − 𝑃𝑙 > 𝜌𝑉𝑚 − 𝑃𝑚, and 𝜌𝑉𝑙 − 𝑃𝑙 >𝜌𝑉ℎ − 𝑃ℎ. Solving the above inequalities, we can obtain 𝜌 ≥
𝑃𝑙/𝑉𝑙, 𝜌 < (𝑃𝑚 − 𝑃𝑙)/(𝑉𝑚 − 𝑉𝑙), and 𝜌 < (𝑃ℎ − 𝑃𝑙)/(𝑉ℎ − 𝑉𝑙);
in other words, customers of 𝜌 ∈ [𝜌𝑙,min(𝜌𝑚𝑙, 𝜌ℎ𝑙, 1)] buy
product of grade 𝑙.

If customers buy product of mid-grade, or grade𝑚, there
must be 𝜌𝑉𝑚 − 𝑃𝑚 ≥ 0, 𝜌𝑉𝑚 − 𝑃𝑚 > 𝜌𝑉𝑙 − 𝑃𝑙, and 𝜌𝑉𝑚 − 𝑃𝑚 >
𝜌𝑉ℎ − 𝑃ℎ. Solving the above inequalities, we can obtain 𝜌 ≥
𝑃𝑚/𝑉𝑚, 𝜌 > (𝑃𝑚 −𝑃𝑙)/(𝑉𝑚 −𝑉𝑙), and 𝜌 < (𝑃ℎ −𝑃𝑚)/(𝑉ℎ −𝑉𝑚);
in other words, customers of 𝜌 ∈ [max(𝜌𝑚, 𝜌𝑚𝑙),min(𝜌ℎ𝑚, 1)]
buy product of grade 𝑚.

If customers buy product of high-grade, or grade ℎ, there
must be 𝜌𝑉ℎ − 𝑃ℎ ≥ 0, 𝜌𝑉ℎ − 𝑃ℎ > 𝜌𝑉𝑙 − 𝑃𝑙, and 𝜌𝑉ℎ − 𝑃ℎ >𝜌𝑉𝑚 − 𝑃𝑚. Solving the above inequalities, we can obtain 𝜌 ≥
𝑃ℎ/𝑉ℎ, 𝜌 > (𝑃ℎ − 𝑃𝑙)/(𝑉ℎ − 𝑉𝑙), and 𝜌 > (𝑃ℎ − 𝑃𝑚)/(𝑉ℎ − 𝑉𝑚);

in other words, customers of 𝜌 ∈ [max(𝜌ℎ, 𝜌ℎ𝑙, 𝜌ℎ𝑚), 1] buy
product of grade ℎ.

Obviously, there are customers buying product of grade
𝑖, 𝑖 = ℎ,𝑚, 𝑙, so the manufacturer will develop and pro-
duce this grade product. In other words, only when 𝜌𝑙 <
min(𝜌𝑚𝑙, 𝜌ℎ𝑙, 1), the manufacturer will develop product of
grade 𝑙. Solving 𝜌𝑙 < 1, we can obtain𝑃𝑙 < 𝑉𝑙. Solving 𝜌𝑙 < 𝜌𝑚𝑙,
we can obtain (𝑃𝑚𝑉𝑙−𝑃𝑙𝑉𝑚)/𝑉𝑙(𝑉𝑚−𝑉𝑙) > 0. Solving 𝜌𝑙 < 𝜌ℎ𝑙,
we can obtain (𝑃ℎ𝑉𝑙 − 𝑃𝑙𝑉ℎ)/𝑉𝑙(𝑉ℎ − 𝑉𝑙) > 0. Therefore, the
manufacturer should make the values and prices of products
satisfy 𝑃𝑙 < 𝑉𝑙, 𝑃𝑚𝑉𝑙 − 𝑃𝑙𝑉𝑚 > 0, and 𝑃ℎ𝑉𝑙 − 𝑃𝑙𝑉ℎ > 0.

Similarly, only when max(𝜌𝑚, 𝜌𝑚𝑙) < min(𝜌ℎ𝑚, 1), there
are customers buying product of grade 𝑚, and the manu-
facturer will also develop product of grade 𝑚. Solving 𝜌𝑚 <
min(𝜌ℎ𝑚, 1), we can obtain (𝑃ℎ𝑉𝑚 − 𝑃𝑚𝑉ℎ)/𝑉𝑚(𝑉ℎ − 𝑉𝑚) > 0
and 𝑃𝑚 < 𝑉𝑚. Solving 𝜌𝑚𝑙 < min(𝜌ℎ𝑚, 1), we can obtain
𝑃𝑚−𝑃𝑙 < 𝑉𝑚−𝑉𝑙 and ((𝑃𝑚𝑉𝑙−𝑃𝑙𝑉𝑚)+(𝑃ℎ𝑉𝑚−𝑃𝑚𝑉ℎ)+(𝑃𝑙𝑉ℎ−𝑃ℎ𝑉𝑙))/(𝑉ℎ − 𝑉𝑚)(𝑉𝑚 − 𝑉𝑙) > 0. Therefore, the manufacturer
should make the values and prices of products satisfy 𝑃𝑚 <
𝑉𝑚, 𝑃ℎ𝑉𝑚 − 𝑃𝑚𝑉ℎ > 0, 𝑃𝑚 − 𝑃𝑙 < 𝑉𝑚 − 𝑉𝑙, and (𝑃ℎ𝑉𝑙 − 𝑃𝑙𝑉ℎ) <
(𝑃𝑚𝑉𝑙 − 𝑃𝑙𝑉𝑚) + (𝑃ℎ𝑉𝑚 − 𝑃𝑚𝑉ℎ).

Similarly, only if max(𝜌ℎ, 𝜌ℎ𝑙, 𝜌ℎ𝑚) < 1, the manufacturer
will develop product of grade ℎ. Solving it, we can obtain𝑃ℎ <𝑉ℎ, 𝑃ℎ − 𝑃𝑙 < 𝑉ℎ − 𝑉𝑙, and 𝑃ℎ − 𝑃𝑚 < 𝑉ℎ − 𝑉𝑚. Therefore, the
manufacturer should make the values and prices of products
satisfy 𝑃ℎ < 𝑉ℎ, 𝑃ℎ − 𝑃𝑙 < 𝑉ℎ − 𝑉𝑙, and 𝑃ℎ − 𝑃𝑚 < 𝑉ℎ − 𝑉𝑚.

Therefore, the manufacturer should make the values and
prices of products satisfy 𝑃𝑖 < 𝑉𝑖, 𝑃𝑚/𝑃𝑙 > 𝑉𝑚/𝑉𝑙, 𝑃ℎ/𝑃𝑙 >𝑉ℎ/𝑉𝑙, 𝑃ℎ−𝑃𝑙 < 𝑉ℎ−𝑉𝑙, 𝑃ℎ−𝑃𝑚 < 𝑉ℎ−𝑉𝑚, and (𝑃ℎ𝑉𝑙−𝑃𝑙𝑉ℎ) <
(𝑃𝑚𝑉𝑙 − 𝑃𝑙𝑉𝑚) + (𝑃ℎ𝑉𝑚 − 𝑃𝑚𝑉ℎ).

When the above requirements are satisfied, 𝜌𝑙 < 𝜌𝑚𝑙 <𝜌ℎ𝑙 < 1, 𝜌𝑚 < 𝜌𝑚𝑙, max(𝜌ℎ, 𝜌ℎ𝑙) < 𝜌ℎ𝑚 < 1. Therefore,
customers of 𝜌 ∈ [𝜌𝑙, 𝜌𝑚𝑙] will buy product of grade 𝑙; in
other words, its demand realization rate is 𝛿𝑙 = 𝜌𝑚𝑙 − 𝜌𝑙 =(𝑃𝑚𝑉𝑙−𝑃𝑙𝑉𝑚)/𝑉𝑙(𝑉𝑚−𝑉𝑙). Customers of𝜌 ∈ [𝜌𝑚𝑙, 𝜌ℎ𝑚]will buy
product of grade 𝑚; in other words, its demand realization
rate is 𝛿𝑚 = 𝜌ℎ𝑚−𝜌𝑚𝑙 = (𝑃𝑚𝑉𝑙−𝑃𝑙𝑉𝑚−[(𝑃𝑚𝑉ℎ−𝑃ℎ𝑉𝑚)+(𝑃ℎ𝑉𝑙−𝑃𝑙𝑉ℎ)])/(𝑉ℎ−𝑉𝑚)(𝑉𝑚−𝑉𝑙). Customers of 𝜌 ∈ [𝜌ℎ𝑚, 1]will buy
product of grade ℎ; in otherwords, its demand realization rate
is 𝛿ℎ = 1 − 𝜌ℎ𝑚 = ((𝑉ℎ − 𝑉𝑚) − (𝑃ℎ − 𝑃𝑚))/(𝑉ℎ − 𝑉𝑚).

As the prices of high-, mid-, and low-grade product
are decision variable, and their values are determined by
the manufacturer and the supplier through R&D investment
decision, all the constraints in Proposition 1 are compatible.

From Proposition 1, we can find that if the manufacturer
wants all its products of all the 3 grades to have actual
demand, the price of the product of each grade should be
lower than its intrinsic value, and the difference between the
prices of products of two grades should be reasonable, neither
too big, nor too small. Specifically, the ratio of the price of
mid-grade product to that of low-grade product should be
bigger than the ratio of the value of mid-grade product to
that of low-grade product; the ratio of the price of high-grade
product to that of low-grade product should be bigger than
the corresponding ratio of the value; the gap of price between
the high-grade and mid-grade product should be less than
the gap of value between the high-grade and mid-grade
product; the gap of price between the high-grade product and
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low-grade product should be less than the corresponding gap
of value.

3.1.�eOptimal Collaborative R&DPoliciesMaximizing Total
Profit. After determining the range of value and price of each
grade, the manufacturer and the supplier apply centralized
decision-making to jointly make the R&D investment poli-
cies of both parties, 𝐼𝑒𝑖 and 𝐼𝑠𝑖, 𝑖 = ℎ,𝑚, 𝑙, in order tomaximize
their total profit of collaborative R&D.

As at this stage, the manufacturer and the supplier just
focus on the total profit of collaborative R&D, disregarding
profit allocation; they face the following programing.

max
𝑃𝑖 ,𝐼𝑒𝑖 ,𝐼𝑠𝑖

∑
𝑖=ℎ,𝑚,𝑙

(𝑃𝑖𝛿𝑖𝐷 − 𝐼𝑒𝑖 − 𝐼𝑠𝑖) , (2)

s.t. 𝑃𝑖, 𝐼𝑒𝑖, 𝐼𝑠𝑖, 𝛿𝑖 ≥ 0, 𝑖 = ℎ,𝑚, 𝑙 (3)

Solving the above programing, we can obtain the optimal
R&D investment of themanufacturer and the supplier, 𝐼∗𝑒𝑖 and𝐼∗𝑠𝑖 , and the optimal price of the products, 𝑃∗𝑖 , 𝑖 = ℎ,𝑚, 𝑙, as
follows.

𝐼∗𝑒ℎ = 2−2/(1−𝛼−𝛽)𝛼(1−𝛽)/(1−𝛼−𝛽)𝛽𝛽/(1−𝛼−𝛽)𝛾1/(1−𝛼−𝛽)𝐷1/(1−𝛼−𝛽), (4)

𝐼∗𝑠ℎ = 2−2/(1−𝛼−𝛽)𝛼𝛼/(1−𝛼−𝛽)𝛽(1−𝛼)/(1−𝛼−𝛽)𝛾1/(1−𝛼−𝛽)𝐷1/(1−𝛼−𝛽), (5)

𝐼∗𝑒𝑚 = 𝐼∗𝑠𝑚 = 𝐼∗𝑒𝑙 = 𝐼∗𝑠𝑙 = 0, (6)

𝑃∗ℎ
= 2(−1−𝛼−𝛽)/(1−𝛼−𝛽)𝛼𝛼/(1−𝛼−𝛽)𝛽𝛽/(1−𝛼−𝛽)𝛾1/(1−𝛼−𝛽)𝐷(𝛼+𝛽)/(1−𝛼−𝛽). (7)

Proposition 2. If the goal of themanufacturer and the supplier
is tomaximize the total profit of collaborative R&D, they should
only develop high-grade product and set its price, 𝑃∗ℎ , to be half
of its value, 𝑉∗ℎ . And the product realization rate will be 𝛿∗ℎ =
1/2.
Proof. From (6), we can see that the R&D investment of
manufacturer and its core part supplier in mid-grade and
low-grade product is 0; that is, they do not develop mid-
grade and low-grade products, only developing high-grade
product.

From (4) and (5), we can obtain the following.

𝑉∗ℎ = 𝛾 (𝐼∗𝑒ℎ)𝛼 (𝐼∗𝑠ℎ)𝛽
= 2(1+(−1−𝛼−𝛽)/(1−𝛼−𝛽))𝛼𝛼/(1−𝛼−𝛽)𝛽𝛽/(1−𝛼−𝛽)𝛾1/(1−𝛼−𝛽)𝐷(𝛼+𝛽)/(1−𝛼−𝛽)

(8)

Comparing (8) with (7), we can obtain 𝑃∗ℎ = 𝑉∗ℎ /2. As
the manufacturer and its supplier only develop high-grade
product, customers of𝜌 ∈ [𝑃∗ℎ /𝑉∗ℎ , 1]will choose to buy high-
grade product; the product realization rate of high-grade
product is 𝛿∗ℎ = 1 − 𝑃∗ℎ /𝑉∗ℎ = 1/2.

Proposition 2 shows that if the goal of the manufacturer
and its supplier developing new product is to maximize
the collaborative R&D profit, they should only develop
high-grade product for the high-end customers, rather than
developing all the 3 grades of the product to meet the
heterogeneous demands of all layers. Of course, this R&D

policy will be at the expense of customer and market share.
For example, as the target customers of Apple iPhone are only
the high-end, in the second quarter of 2018, Apple iPhone
grasped 62% of global mobile phone profit with only 11% of
global mobile phone market.

Proposition 3. �e manufacturer and its core part supplier
should increase their investment in collaborative R&D at the
ratio of 𝛼 : 𝛽with the increase of the potential demand of whole
series of product,𝐷, or the technical level of collaborative R&D,
while raising the price of high-grade product to raise their total
profit.

Proof. Respectively, solving the first-order partial derivative
of R&D investment of the manufacturer and its core part
supplier, 𝐼∗𝑒ℎ and 𝐼∗𝑠ℎ, price of high-grade product, 𝑃∗ℎ , total
profit of supply chain, 𝜋∗, to the potential total demand, 𝐷,
and technical level of collaborative R&D, 𝛾, we can obtain
𝜕𝐼∗𝑒ℎ/𝜕𝐷 > 0, 𝜕𝐼∗𝑠ℎ/𝜕𝐷 > 0, 𝜕𝑃∗ℎ /𝜕𝐷 > 0, 𝜕𝜋∗/𝜕𝐷 > 0,
𝜕𝐼∗𝑒ℎ/𝜕𝛾 > 0, 𝜕𝐼∗𝑠ℎ/𝜕𝛾 > 0, 𝜕𝑃∗ℎ /𝜕𝛾 > 0, and 𝜕𝜋∗/𝜕𝛾 > 0.
Therefore, 𝐼∗𝑒ℎ, 𝐼∗𝑠ℎ, 𝑃∗ℎ , and 𝜋∗ are the monotonically increas-
ing function of 𝐷 and 𝛾. In other words, the manufacturer
and its core part supplier should increase their investment in
collaborative R&D, 𝐼∗𝑒ℎ and 𝐼∗𝑠ℎ, and the price of product, 𝑃∗ℎ ,
with the increase of 𝐷 and 𝛾. And consequently, their total
collaborative R&D profit, 𝜋∗, increases very well.

In addition, from (4) and (5), we can obtain that 𝐼∗𝑒ℎ/𝐼∗𝑠ℎ =𝛼/𝛽. Therefore, the manufacturer and its core part supplier
should increase their investment in collaborative R&D at the
ratio of 𝛼 : 𝛽.

From Proposition 3, we know that with the increase of
the potential demand of whole series of product, 𝐷, the
improvement of the intrinsic value of product will attract
more potential customers and turn more potential demands
into actual demand. As a result, the total collaborative R&D
profit increases.Therefore, themanufacturer and its core part
supplier should increase their investment in collaborative
R&D to improve the intrinsic value of product and, conse-
quently, obtain more profit. Similarly, with the increase of
the technical level of collaborative R&D, the manufacturer
and the supplier raising R&D investment can better improve
product’s intrinsic value and, consequently, obtain more
actual demands and total profit. Therefore, the manufacturer
and its core part supplier should increase their investment
in collaborative R&D and the price of high-grade product
to raise their total profit with the increase of the potential
demand of whole series of product or the technical level of
collaborative R&D.

3.2. �e Optimal Policies Maximizing Profit with Constraint
of Sales Volume. Nowadays, as the competition becomes
more and more intense, in order to better obtain a long-
term and sustainable development, the manufacturer and its
core part supplier have to try their best to meet demands
from more layers of customers, in order to enlarge the sales
volume or market share of the manufacturer’s product while
maximizing the total profit. In other words, their goal is not
only maximizing its profit, but also taking into account the
sales volume of the manufacturer’s products and satisfaction
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of demands from customers of different layers. Under this
condition, the manufacturer and its core part supplier face
the following programming.

max
𝑃𝑖 ,𝐼𝑒𝑖 ,𝐼𝑠𝑖

∑
𝑖=ℎ,𝑚,𝑙

(𝑃𝑖𝛿𝑖𝐷 − 𝐼𝑒𝑖 − 𝐼𝑠𝑖) , (9)

s.t. ∑
𝑖=ℎ,𝑚,𝑙

𝛿𝑖 > 𝛿 > 0, (10)

𝑃𝑖 < 𝑉𝑖, 𝑖 = ℎ,𝑚, 𝑙, (11)

𝑃𝑖
𝑃𝑗 >

𝑉𝑖
𝑉𝑗 , 𝑖 = ℎ,𝑚, 𝑗 = 𝑚, 𝑙, 𝑖 ̸= 𝑗, (12)

𝑃𝑖 − 𝑃𝑗 < 𝑉𝑖 − 𝑉𝑗, 𝑖 = ℎ,𝑚, 𝑗 = 𝑚, 𝑙, 𝑖 ̸= 𝑗, (13)

(𝑃ℎ𝑉𝑙 − 𝑃𝑙𝑉ℎ)
< (𝑃𝑚𝑉𝑙 − 𝑃𝑙𝑉𝑚) + (𝑃ℎ𝑉𝑚 − 𝑃𝑚𝑉ℎ) ,

(14)

𝑃𝑖, 𝐼𝑒𝑖, 𝐼𝑠𝑖 ≥ 0, 𝑖 = ℎ,𝑚, 𝑙. (15)

𝛿 in (10) is the lower limit of demand realization rate
for its whole series of products in order to improve the
sales volume of its products. Equation (10) derives from
∑𝑖=ℎ,𝑚,𝑙 𝛿𝑖𝐷 > 𝛿𝐷 > 0. Equations (11)-(14) are the constraints
of demand realization rate of the high-, mid-, and low-
grade product being positive, respectively. Solving the above
programming, we can obtain the optimal R&D investment of
the manufacturer and its core part supplier, 𝐼∗∗𝑒𝑖 and 𝐼∗∗𝑠𝑖 , and
the optimal price of each grade, 𝑃∗∗𝑖 , 𝑖 = ℎ,𝑚, 𝑙.
4. Profit Allocation Policy

After the manufacturer and its core part supplier jointly
develop the products and obtain the profit, 𝜋∗, which they
should allocate appropriately. In this paper, they allocate the
profit, 𝜋∗, through bargain. In this section, we analyze the
profit allocation policy referring to the models of Roth [23]
and Muthoo [24].

Referring to Roth [23], the bargaining solution of the
manufacturer and its core part supplier is obtained by solving
the following optimization problem.

max (𝜋𝑒 − 𝑑𝑒)𝜑 (𝜋𝑠 − 𝑑𝑠)𝜇 ,
s.t. (𝜋𝑒, 𝜋𝑠) ≥ (𝑑𝑒, 𝑑𝑠) ,

𝜋𝑒 + 𝜋𝑠 ≤ 𝜋∗,
(16)

where 𝜋𝑒 and 𝜋𝑠 are, respectively, the profit obtained by the
manufacturer and the supplier if they reach an agreement
in bargaining, and 𝑑𝑒 and 𝑑𝑠 are, respectively, the profit
obtained by the manufacturer and the supplier if they fail
to reach an agreement. Referring to the common practice
[25], we let 𝑑𝑒 = 𝑑𝑠 = 0. 𝜑 and 𝜇 loosely represent the
respective bargaining power of the manufacturer and the
supplier, satisfying 𝜑 + 𝜇 = 1.

In reality, the manufacturer and the supplier have their
own expected profit for the bargaining, 𝜋𝑒 and 𝜋𝑠. Before

bargaining, they make commitments of accepting no less
than their expected profit, 𝜋𝑒 and 𝜋𝑠. However, their com-
mitments are partial or revocable; in other words, they may
accept an allocation of profit lower than their expected ones.
As a matter of course, the revoke of commitment will be at
a certain cost, 𝑐𝑖, 𝑖 = 𝑒, 𝑠. The revoke cost is mainly that
the manufacturer or the supplier loses its credibility in its
future collaboration. If the allocation of profit obtained by the
manufacturer or the supplier is no less than its expectation,
it does not revoke its commitment. Therefore, 𝑐𝑖 = 0 if
𝜋𝑖 ≤ 𝜋𝑖, 𝑖 = 𝑒, 𝑠. If the allocation of profit obtained by the
manufacturer or the supplier is less than its expectation, the
manufacturer or the supplier will bear the revoke cost, 𝑐𝑖 =𝜏𝑖(𝜋𝑖 − 𝜋𝑖), where 𝜏𝑖 > 0. The function of revoke cost shows
that the bigger the difference between profits of allocation
and expectation is, the bigger the revoke cost is. Similarly, the
bigger 𝜏𝑖 is, the bigger the revoke cost is.

Now, we can get the revoke cost as follows.

𝑐𝑖 = {
{{

0 𝜋𝑖 ≤ 𝜋𝑖
𝜏𝑖 (𝜋𝑖 − 𝜋𝑖) 𝜋𝑖 > 𝜋𝑖

, 𝑖 = 𝑒, 𝑠. (17)

Muthoo [24] proved that the unique Nash equilibrium of
the bargaining is

(𝜋∗𝑒 , 𝜋∗𝑠 ) = (𝜋∗𝑒 , 𝜋∗𝑠 ) = (𝜑𝜋∗, 𝜇𝜋∗)
= ( 1 + 𝜏𝑒

2 + 𝜏𝑒 + 𝜏𝑠𝜋
∗, 1 + 𝜏𝑠

2 + 𝜏𝑒 + 𝜏𝑠𝜋
∗) . (18)

From (18), we can obtain the relationships between 𝜑, 𝜇
and 𝜏𝑒, 𝜏𝑠 as

𝜑 = 1 + 𝜏𝑒
2 + 𝜏𝑒 + 𝜏𝑠 , (19)

𝜇 = 1 + 𝜏𝑠
2 + 𝜏𝑒 + 𝜏𝑠 . (20)

Proposition 4. �e manufacturer and the supplier should try
to raise their revoke cost to strengthen their bargaining power
and consequently obtain more profit in allocation.

Proof. From (19), we can find that the bigger 𝜏𝑒 or 𝜏𝑠 is, the
bigger 𝜑 or 𝜇 is. In other words, the increase of 𝜏𝑒 results
in the increase of the manufacturer’s revoke cost or the
enhancement of the credibility of themanufacturer’s commit-
ment.Therefore, the bargaining power of the manufacturer is
strengthenedwith the increase of 𝜏𝑒. And it is the same for the
relationship between the bargaining power of the supplier, 𝜇,
and 𝜏𝑠.

From (18), we can find that the bigger the bargaining
power of themanufacturer, 𝜑, is, themore the profit allocated
to the manufacturer is. And it is the same for the supplier.

Therefore, the manufacturer and the supplier should try
to raise their revoke cost to strengthen their bargaining power
and consequently obtain more profit in allocation.

FromProposition 4, we can find that the bigger the revoke
cost of the manufacturer or the supplier is, the bigger its
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allocated profit is. That is because when the revoke cost
of the manufacturer or the supplier is bigger, it makes its
commitment on its requiring profit more carefully, and its
commitment on its profit is more reliable. Therefore, the
bargaining power of the manufacturer or the supplier is
stronger, and it can claim and obtain more profit in the
bargain.

In reality, 𝜏𝑖, 𝑖 = 𝑒, 𝑠, is affected by many factors, such
as firms’ reputation and scale, especially, the investment in
the collaborative R&D. The better a firm’s reputation is, the
bigger its revoke cost and bargaining power are. Similarly, the
more investment a firm makes, the bigger its revoke cost and
bargaining power are and, as a result, the more profit it can
obtain in the bargain.

5. Experimental Analysis

A manufacturer and its core part supplier jointly develop a
series of products with potential total demand, 𝐷 = 50000.
The technical levels of R&Dcooperation of two parties are 𝛾 =
0.001 and 𝜆=0.1, respectively. Their R&D investment output
elastic coefficients are 𝛼 = 0.6 and 𝛽 = 0.3, respectively. And
their revoke cost coefficients are 𝜏𝑒 = 6 and 𝜏𝑠 =2, respectively.

If the supply chain aims to maximize the total profit of
cooperative R&D, through (4)-(7), we can obtain the optimal
R&D investments of the manufacturer and its core part
supplier as 𝐼∗𝑒ℎ = 7.0392 × 107, 𝐼∗𝑠ℎ = 3.5196 × 107, and
𝐼∗𝑒𝑚 = 𝐼∗𝑒𝑙 = 𝐼∗𝑠𝑚 = 𝐼∗𝑠𝑙 = 0; in other words, the supply chain
only develops high-grade product with the intrinsic value of
𝑉∗ℎ = 9385.60, whose optimal price and demand realization
rate are 𝑃∗ℎ = 4692.80 and 𝛿∗ℎ = 0.5, respectively. And the
maximal total profit of the supply chain is 𝜋∗ = 1.1732 × 107.
Finally, the manufacturer obtains profit 𝜑𝜋∗ = 0.8212 × 107,
and the supplier obtains profit 𝜇𝜋∗ = 0.3520 × 107.

If the manufacturer expect the profit maximization, at
the same time, taking into account the market share and
requiring a lower limit of demand realization rate of entire
series of products to be 𝛿 = 55%, we can use Matlab software
to solve (8)-(14) and obtain the optimal R&D investments of
the manufacturer and its core component supplier as 𝐼∗∗𝑒ℎ =
7.0650 × 107, 𝐼∗∗𝑠ℎ = 3.5325 × 107, and 𝐼∗∗𝑒𝑚 = 7.8256 × 104;
𝐼∗∗𝑠𝑚 = 3.9128×104, 𝐼∗∗𝑒𝑙 = 1.2628×105, and 𝐼∗∗𝑠𝑙 = 0.6314×105,
respectively. And the intrinsic value of each grade is 𝑉∗∗ℎ =
9416.45, 𝑉∗∗𝑚 = 7356.52, and 𝑉∗∗𝑙 = 4187.87. Their optimal
prices are 𝑃∗∗ℎ = 4505.25, 𝑃∗∗𝑚 = 3472.73, and 𝑃∗∗𝑙 = 1884.54,
and demand realization rates are 𝛿∗∗ℎ = 0.4988, 𝛿∗∗𝑚 =
0.00002, and 𝛿∗∗𝑙 = 0.0512, respectively. The total demand
realization rate is 𝛿∗∗ = 0.55002, and the total profit of the
supply chain is 𝜋∗∗ = 1.0940 × 107. Finally, the manufacturer
obtains profit 𝜑𝜋∗∗ = 0.7658 × 107, and the supplier obtains
profit 𝜇𝜋∗∗ = 0.3282 × 107.

Comparing the above two optimal solutions, we can find
that the manufacturer increases the total sales volume, or
total demand realization rate, at the expense of profit.We also
found that the source of increasing in total demand realiza-
tion rate is mainly low-grade product, while the demand of
mid-grade product is very small, and the demand of high-
grade product declines slightly. Therefore, the manufacturer

who develops high-grade product to maximize its profit
should double think when it decides to seek more market
sharewithmid- and low-grade product. As it not only reduces
its profits, but also may damage the image of its high-grade
product, reducing the demand of its high-grade product.
In addition, the manufacturer can just develop high-grade
and low-grade products without mid-grade product, as the
demand of the mid-grade product is very small.

6. Case Study

In this section, we use the case of Apple’s product develop-
ment policy to mainly illustrate Proposition 1 and the two
conclusions of experimental analysis. The first is that, at the
expense of profit, the total sales volume of the product family,
or the total demand realization rate, can be increased, whose
main source is low-grade product. And the second is that
mid-grade product makes little contribution to the total sales
volume.

In 2004, Apple convened more than 1000 internal staff
members, including the iPhone designer Jonathan Ive and
established the iPhone team to carry out the project classified
as highly confidential, named “Project Purple”. The CEO of
Apple at that time, Steve Jobs, changed the original focus of
Apple, such as tablet pc, iPad, into cell phone.

On June 29, 2007, the first generation of iPhone was
officially launched in the United States; the two models were
priced at US $ 499 for 4GB model and US $ 599 for 8GB
model in the United States. There were hundreds of Apple
fans kept in line outside Apple’s sales shop to purchase
iPhone.The launch of the iPhone immediately caused a panic
buying boom.

On September 12, 2012, Apple introduced its sixth-
generation iPhone products, iPhone 5, which also was crazily
sought after by customers. The first 6th-generation products
of Apple’s iPhone have always adhered to its high-grade
route, only developing high-grade products. This high-grade
route policy earned high profits for Apple. According to IDC
data, in 2012, the profits of iPhone accounted for 75% of the
global smart phone market profits, while its shipments just
accounted for 19.1% of the global smart phone market share.

The above 3 paragraphs show that when Apple Company
insisted on its high-end positioning, only developing and
selling high-grade products, its profit was maximized. It
illustrates Proposition 1 in this paper.

However, from 2013, market share and sales of Samsung
smart phones in the global smart phone market compre-
hensively surpassed Apple. In the first quarter of 2013,
the shipments of Samsung smartphone was 70.7 million,
accounting for 32.7% of the whole global market, and sales
were 23.621 billion US dollars, while Apple sold 37.4 million
iPhones with global market share of 17.3%, and its sales
were 22.955 billion US dollars. Although Apple’s profit share
was 57%, higher than Samsung’s profit share of 43% (Nokia,
BlackBerry, Motorola, and other manufacturers profits were
negative), the gap between the two company was getting
smaller and smaller. In the second quarter of 2013, the gap
further shrank to Apple 53% and Samsung 50%. Apple had
to change its policy of single model to conquer the world.
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On September 10, 2013, in the high-profile press conference
held in Cupertino, California, United States, Apple revealed
the introduction of two new iPhone models: iPhone 5C
and iPhone 5S. Among them, iPhone 5C grade was slightly
lower than the previous generation of iPhone 5. However,
due to the high price of iPhone 5C, its sales were lower
than Apple’s expectation, and there was product backlog of
iPhone 5C. At the same time, in order to occupy further
lower level of the market, in December 2013, Apple restored
the production and sales of iPhone 4 in India, Indonesia,
Brazil, and other lower level markets. Under this new product
development policy, in the fourth quarter of 2013, Apple sold
51 million iPhones with an increasing rate of 6.7%, compared
to 47.8 million in the same quarter of 2012. However, the
net profit in the fourth quarter of 2013 is $13.1 billion with
almost no change, compared to $13.1 billion in the year-ago
quarter.

From the above paragraph, we can find that iPhone 5C,
a mid-grade product, make little contribution to the total
sales volume of iPhone series, while iPhone 4, a low-grade
product in the end of 2013, made a big contribution to the
total sales volume of iPhone series. It illustrates the two
conclusions of experimental analysis. The above paragraph
also shows that even Apple, whose position is high-end
product, had to provide low-grade product to the market to
enlarge sales volume and market share when facing fierce
competition.

7. Conclusions

In this paper, we proposed a collaborative R&D model of a
manufacturer and its core part supplier jointly developing
three grades of products of the same series, in order to study
their collaborative R&D decision and product pricing policy.
Andwe established a bargaining gamemodel to research how
they allocate theR&Dprofit.We found that if the supply chain
aims to maximize profits, it should only develop high-grade
product and set its price to half of its intrinsic value. If the
supply chain plans to obtain larger sales volume or market
share of its series of products while maximizing its profit,
it should at least develop high- and low-grade products to
cover more layers of customers, while making its product
price of each grade lower than its intrinsic value and making
the price ratio of higher grade product to lower grade product
greater than their intrinsic value ratio, and their price gap
should be less than the gap of their intrinsic value. In the
bargain of allocating profit, themanufacturer and the supplier
should try to raise their revoke cost to strengthen their
bargaining power and, consequently, obtain more profit in
allocation.
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