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In the Big Data era, Big Data Information (BDI) has been used in the book supply industry. Data Company as an important BDI
supplier should be included in a book supply chain. Thus, to explore the investment decision-making problems of BDI and its
effects on the coordination and pricing rules of book supply chain, a three-stage book supply chain with one book publisher, one
retailer, and one Data Company was chosen. Meanwhile, four benefit models about BDI investment were proposed and analyzed
in the environments of symmetry information and asymmetric information. A revenue sharing contract was used to achieve book
supply chain coordination. Findings: whether the book publisher and the retailer were suitable to invest in BDI, it was influenced
by the cost improvement coefficient. With the ascent of the cost improvement coefficient, benefits of supply chain members will
reduce, and, in different investment models, their prices show different change trends with the cost improvement coefficient.

1. Introduction

With the popularity of the Internet and mobile Internet
and the rapid development of Internet of Things (IoT) and
Cloud, global data are growing quickly. At the same time, the
development of Cloud and virtual storage provide a chance
for reducing the storage cost of Big Data [1, 2]. All of these are
a chance for the appliance and growth of Big Data. Hence, the
era of Big Data has arrived. Under the Big Data background,
data are called as the essential raw materials in the society
of information economy [3] and have penetrated into every
industry, which affects the development and change of an
industry. In the book publishing industry, Big Data is also
changing it.

Hence, many book publishers and retailers start to obtain
and apply Big Data. Existing researches have explored the
merits of Big Data usage, and they demonstrate that enter-
prises can find a good benefit model and business model
with the aid of applying Big Data [4]. Furthermore, using Big
Data can also assist companies in improving the production
capacity and efficiency and then acquire more benefits [5].
But for traditional book publishers, they do not have adequate
skill to handle such complex and huge data. Thus, numerous

publishers begin to outsource their Big Data engineering.The
general approach is to purchase related Big Data information
(BDI) from the relevant Data Company. Following this
tendency growth, the ranking of Data Company in book
supply chain will become increasingly crucial.This transform
will cause the change of book supply chain framework; i.e.,
Data Company should be involved in the book supply chain
as a chain member.

In the background of Big Data, for Data Company, to
obtain more worthy BDI, extra money using in Big Data
technology and equipment should be paid. Furthermore,
for book publishers, applying BDI will also add their extra
expenditure on gaining the relevant BDI. In this study, BDI in
a book publisher contains the external and internal sections
(the external BDI mainly refers to consumer preference
information) and is chosen as the study object. For a book
supply chain, their upstream and downstreammembers want
to know how to balance the change between costs and
revenues. From the angle of whole book supply chain, how to
obtain the maximum profit and how to coordinate the supply
chain are also crucial problems to be solved. At the same
time, based on our actual investigation in a book publisher of
Chongqing, China, the investmentmodels of BDI are distinct
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in different supply chains. Moreover, most enterprises have
no idea if the investment model they applied is good and
which investment model is beneficial.

Aims of this paper are to explore the investment decision-
making and coordination rules of a three-stage book supply
chain considering Data Company. For a three-stage book
supply chain with one Data Company, one retailer, and one
book publisher, there may be four BDI investment models:(1) Data Company invests in Big Data to gain valuable
BDI needed by the retailer and the book publisher, but
the retailer and the book publisher do not invest and buy
the related BDI from Data Company; (2) Data Company
invests in Big Data to gain valuable BDI needed by the
retailer and the book publisher, and the retailer and the
book publisher invest and buy BDI, respectively; (3) Data
Company invests in Big Data to gain valuable BDI needed by
the retailer and the book publisher, and the retailer and the
book publisher invest BDI jointly and share BDI’s costs. In the
three-stage book supply chain, the retailer as the downstream
member is close to market and may obscure market demand
information. If the book publisher does not take measures,
it will face information asymmetry. Information asymmetry
influences the performance of supply chain. Thus, in the
information asymmetry background, what kind of effects
of BDI investment will bring to chain members’ benefits?
How should chain members make an investment decision?
How should the players balance profits and costs? The main
problem is to study the investment decision-making and
coordination rules of the three-stage book supply chain.

Even though many efforts have been done to discuss
the investment decision-making and coordination problem
of supply chain, they are centered on a two-stage supply
chain. Researches focus on a three-stage book supply chain
considering that Data Company is shortage; hence, in this
paper, we will make up this gap. Thus, in this study, firstly,
the importance of Data Company in a book supply chain
will be discussed, and then researches on the investment
decision-making and coordination problems of book supply
chain in the Big Data era will be described. According to
utility function theory, the demand function will be built.
Then, four benefit models are developed and analyzed in
the information asymmetry situation and the information
symmetry situation. The results offer a theoretical guidance
for Data Company, retailer, and book publisher investing and
using Big Data. At the same time, it is a new development of
book supply chain management theory in the Big Data era.

2. Literature Review

2.1. Big Data and Book Supply Chain Management

2.1.1. Big Data and BDI. Currently, Big Data have aroused
strong attention from all around the world and are thought
to be “the fourth paradigm of science” [6, 7]. However,
the definition of large data has not yet reached a con-
sensus. “Comparison definition, attribute definition, and
system definition” are thought to be important among related
definitions. The first definition (comparison definition) is
from the cognition to Big Data processing capacity. In this

definition, BigData are described as surpassing the abilities of
a traditional database software tool in data analysis, storage,
collection, and management [8–11]. In addition, Wikipedia
[12] also stressed that the analysis time of data surpasses the
acceptable time.The seconddefinition (attribute definition) is
from the International Data Center (IDC). In this definition,
the technology of Big Data was thought to create a new age of
technology [13]. To extract precious information from such
large and miscellaneous data, it was designed.This definition
reflects the “4V” nature of Big Data (Volume, Value, Velocity,
and Variety) [8, 14]. The last one (system definition) comes
fromNational Institute of Standards and Technology (NIST).
In this definition, data analysis methods are emphasized, and
the capacity, representation, and gaining speed of Big Data
exceed the data ability of traditional typical method, and
new method needs to be designed to increase processing
capability [15]. In different areas, the definition of Big Data
is also given [16]. McAfee A. [5] defined the Big Data from
the angle of supply chain.They thought Big Data aremethods
anddecisionmaker can use thismethod to improve operation
visualization and performance evaluation method to make
optimal decision.

We should understand the meaning of “information”
before describing BDI. In the information science area,
Deschamps [17] proposed the new concept of information.
But in different industries definitions are different.Thefield of
communication as a pioneer in information research has also
given the concept of information. In this field, information
is defined as data, signal, and the final product of data
processing [18]. “Data” are the physical symbols containing or
recording information and arranging based on certain rules
[19]. “Information” is to put the data in a certain context
and then explain the meaning of it [20]. In the Big Data
environment, aims of companies gaining Big Data are to
extract valuable information [21]. This valuable information
is called BDI in this paper. In addition, Liu & Yi [22] propose
somenewnature of information in the BigData environment:(1) the update speed of information is more real-time; (2)
its potential value is greater; (3) data processing and analysis
technologies exceed the ability of the general corporate IT
department.

2.1.2. Application of Big Data in Book Supply Chain Man-
agement. BDI can help optimize the pricing factors that
upstream and downstream members considered, such as
improving the efficiency of the publishing industry and
reducing production costs [23]; the speed characteristics of
Big Data are vital to weaken the bullwhip effect [24] and
reduce book inventory.Thus, the implementation of Big Data
in book supply chain also is discussed. But most of them
concentrate on the qualitative researches, and the quantitative
researches through building mathematical models are few.

In qualitative aspect, a large number of researchers have
debated the implementation of Big Data in book supply
chain. Particularly, in the book marketing field and the book
theme selection decision area, many efforts were obtained.
For example, timely and accurately feedback market demand
information can increase sales of both offline and online
book stores [25, 26]. Impacts, suggestions, and challenges
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that Big Data bring to the book publishing and sale also
were discussed (Zhang et al., 2012; see [27]), and book
recommendation system based on Big Data [28] also was
proposed. In addition, some researchers also discussed the
price or pricing of book in the Big Data era. For example, the
Hachette Publishing Group from France, based on readers’
demand, though tracking the data about book pricing history
and sales information, can grasp the price of book products
timely and accurately and then adjusts the book sales price
more realistically [29]. Liu [30] proposes to develop optimal
e-book prices based on Big Data technology.

However, in quantitative aspects, there are fewdocuments
to explore decision-making and coordination problems based
on the game theory in the Big Data environment. But
in the traditional environment, some researches explored
decision-making and coordination issues of upstream and
downstream members, and these researches provide brace
for our research. For instance, Ren et al. [31] discussed
the coordination model of book supply chain considering
Vendor Managed Inventory System (VMI). Främling [32]
explored the condition that it is useful for publisher to tag
books based on RFID technology. Hua et al. [33] explored
distribution channel choice strategies of upstream and down-
streammembers under single and dual distribution channels.
Li & Liu [34] discussed the pricing strategies of e-book
and p-book under wholesale model and agency model. Li
et al. [35] researched the pricing and launch strategies of
publisher and seller under the royalty model and buyout
model considering launch strategy and lag launch strategy.
Considering decentralized and centralized channels, Lu et
al. [36] analyzed the pricing strategies of book supply chain
members when they sell p-book and e-book under different
models (wholesale mode and agency model). However, the
above researches do not consider the effect of BDI input on
decision-making and coordination of book supply chain.

Considering the influences of BigData usage on decision-
making and coordination in other areas have also appeared,
and these researches also provide brace for our research. For
example, Liu et al. explored the investment decision-making
and coordination of supply chain on BDI in the information
symmetry circumstance and the asymmetry circumstance
[22], and a revenue sharing contractwas applied to coordinate
the supply chain. Moreover, the investment conditions of
BDI in both decentralized and centralized conditions were
also discussed [37]. Based on a three-stage supply chain
with Data Company, BDI investment and coordination issues
were discussed [38]. In addition, pricing issues of supply
chain considering effects of big data on channel power
[39] and effects of the forecast accuracy of Big Data [40]
were also explored. In the Big Data environment, based on
a closed-loop supply chain, effects of private information
leakage on members’ coopetition connection were discussed
[41]. Cheng, Kuang, Shi, & Dong [42] explored that when
the manufacturer implemented the sustainable investment,
whether the retailer should utilize Big Data technology.

In summary, it can be found that efforts on usage of Big
Data in book supply chain management have been obtained.
But there are still some shortages: (1) decision-making and
coordination issues of book supply chain in the Big Data

environment are not discussed based on game theory angle.(2) Although the importance of Data Company was empha-
sized in supply chain, Data Company was not considered
in the discussion process of the investment decision-making
and coordination of book supply chain. (3) Whether the
revenue sharing contract can achieve the supply chain coor-
dinate was not discussed in a three-stage book supply chain.
Thus, to make up this gap and abound with the theory of
Big Data usage in book supply chain management, decision-
making and coordination issues of book supply chain will be
explored considering BDI.

2.2. Importance of Data Company in Book Supply Chain. In
the age of Big Data, data-driven supply chain has appeared
[43]. In the data-driven supply chain, data as the driven power
and primary stuffs of supply chain operation are getting
increasing attentions. But for most enterprises, analyzing so
enormous and intricate data is a huge challenge. Thereby,
Data Company owning Big Data analysis capacity is becom-
ing increasingly crucial. Reasons are as follows: (1) The IT
department of the traditional company is powerless in apply-
ing Big Data due to the nature of Big Data [13, 44]. According
to the prediction of IDC, to 2020, the amount of global digital
information will be 44 times today and most of them are
unstructured [13]. Furthermore, the update speed of these
data is very fast, and it also brings great challenges for the
IT department of traditional enterprises [19]. Extracting the
latent value of Big Data requires professional IT companies
[45]. (2)Data Company has skills to increase data quality and
protect data security [37]. The quality of data will influence
the final value of Big Data and affect Big Data application in
supply chain [46]. The unreliability is frequently caused by
consumer privacy protection behavior [19]. Meanwhile, Big
Data storage is also a challenge for traditional manufacturing
companies [47]. Data Company owning the skill to safeguard
consumer privacy will get more trust of consumers and they
will provide their personal information to theData Company.

Totally, by contrast, Data Company has the unparalleled
merits than the IT department of the traditional book
enterprises in the aspects of Big Data collection, storage, and
analysis. Currently, Data Company plays a significance role in
providing BDI to book upstream and downstream members.

Therefore, exploring the investment decision-making
problem of book supply chain should consider the Data
Company. Moreover, it is also essential for Data Company to
make good decision in investing in Big Data.

3. Model Establishment

In the age of Big Data, following the growth of consumer
living standards, the heterogeneity demands of readers are
growing. For book publishers, obtaining the accurate and
timely consumer preference information becomes increas-
ingly important. At the same time, nature of Big Data can
satisfy the book publishers’ demand on this information. For
retailers, they need consumer demand information to order
and sale. Hence, for book publishers and retailers, the general
way to get consumer demand information is to buy it from
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Data Company. Based on this preference information, book
publisher can design and produce books to satisfy reader
demand. For Data Company, to gain more benefits from
selling consumer BDI, it should invest in new data analysis
technology. Thus, in this research, how book upstream and
downstreammembers balance the relationships between BDI
costs and benefits is the main problem we need to explore.

3.1. Parameter Description. 𝑝𝑘 is the retail price of the book in
different models. Here, 𝑘 = {𝑁𝐷,𝐷𝑅,𝐷𝑀,𝐷𝑆}. 𝑁𝐷 model
stands for the benefit model that Data Company invests in
the Big Data and the retailer and the book publisher do not
invest in or buy the related BDI from Data Company. 𝐷𝑅
model presents the benefit model that Data Company invests
in Big Data and the retailer invests in or buys BDI from Data
Company.𝐷𝑀 model stands for the benefit model that Data
Company invests in Big Data and the book publisher invests
in or buys BDI from Data Company. 𝐷𝑆 model presents the
benefit model that Data Company invests in Big Data and the
retail and the book publisher invest in BDI jointly and share
BDI’s costs.𝑝𝑘
𝑏
is the BDI retail price in different models. 𝛼𝑘 stands for

the value discount factor and is influenced by the precision of
consumer preference information.𝑐𝑏 presents the information production cost of the Data
Company. 𝑐𝑖𝑏 stands for the added cost of the Data Company
because of using Big Data technology to gain BDI.𝑐 stands for the book production cost.𝑤𝑘 is the wholesale price of the book in different model.𝑐V𝑟 stands for the inventory cost of retailer when the book
is p-book, and if it is e-book, 𝑐V𝑟 can be ignored.𝑐𝑟 presents the sale cost of retailer.𝑐V𝑑 is the inventory cost of book publisher when the book
is p-book, and if it is e-book, 𝑐V𝑟 can be ignored.𝑐𝑑 stands for the sale cost of book publisher.𝜆𝑘 is the price impact coefficient of Data Company in
different models.𝜃 is “the industry cost improvement coefficient. Ana-
lyzing the external BDI and the internal information of a
company and using it in the company can help reduce the
company’s cost” [22].

3.2. Demand Function and Model Assumptions

3.2.1. Demand Function. In the environment of Big Data,
to win more competition merits, book publisher will buy
consumer preference information from Data Company and
designs and produces book to satisfy consumer demand.
Based on utility function theory, let 𝑈 = 𝛼V − 𝑝; here, V ∈[0, 1]. The market demand formula is shown as follows.

𝑄𝑘 = 1 − 𝑝𝑘𝛼𝑘 (1)

Generally, both charging by service hours and charging
by message number are the benefit models of Data Company.
Certainly, both the two benefit models have been used. In
this research, the benefit model charging by message number
will be chosen.When the book publisher gains this consumer

demand information, it can design and produce book (p-
book or e-book). Assume that the total amount of consumer
information is 𝐷. There is 𝛾 = 𝑄/𝐷, and here 𝛾 ∈ [0, 1].
To simplify the calculation, we set 𝛽 = 1/𝛾, 𝐷 = 𝛽𝑄, and𝛽 presents the consumer preference information conversion
coefficient, in different models; it can express 𝛽𝑘.
3.2.2. Model Assumptions. (1) Book publisher and retailer
gain consumer demand BDI from Data Company. Moreover,
Data Company charges by number of messages. Based on
our actual investigation in a book publisher of Chongqing,
China, most companies have no ability to extract its internal
BDI. Thus, in this paper, we assume that the retailer and the
book publisher do not use the internal BDI and they use the
traditional information saved at ERP software,MRP software,
etc. (2) Book publisher has sufficient production capacity.
Upstream and downstream members are completely rational
and risk neutral.(3) Information gained from Data Company is about one
type of book. Book publisher designs and produces this type
of book according to consumer preference information, and,
here, the book can be the print book (p-book) or can be
the electronic book (e-book). Furthermore, the market is
completely monopolized.(4) Assume that if the book publisher produces book
according to consumer preference information, the value
discount factors and the consumer preference information
conversion coefficient in different models are equal. Namely,𝛼𝑁𝐷 = 𝛼𝐷𝑅 < 𝛼𝐷𝑀 = 𝛼𝐷𝑆 = 𝛼𝐶 and 𝛽𝑁𝐷 = 𝛽𝐷𝑅 < 𝛽𝐷𝑀 =𝛽𝐷𝑆.
4. Investment Decision-Making of
Supply Chain in the Information
Symmetric Environment

4.1. Benefit Model of the ND Model. In the ND model,
the Data Company has not used Big Data technology to
extract information; thus, the accuracy of consumer pref-
erence information is low. If the book publisher purchases
consumer preference information from the Data Company
and then produces books (e-book or p-book) according to
this information, the production cannot meet the needs of
consumers well. Thus, 𝑄𝑁𝐷 < 𝑄𝐷𝑅, 𝛽𝑁𝐷 > 𝛽𝐷𝑅.

In reality, the game orders among supply chain members
may have the following situations: (1) the book publisher
is the leader of this game, and the Data Company and the
retailer are the follower; (2) the Data Company is the leader,
and the book publisher and the retailer are the follower; (3)
the retailer is the game leader, and the book publisher and
the Data Company are the game follower. However, in the
Big Data environment, based on our actual investigation in
a book publisher of Chongqing, China, Data Company often
sets its BDI retail price first, and then the book publisher
obtains BDI from the Data Company. Based on these BDI,
the book publisher produces new p-book and then sells them
to the retailer. The retailer sets the p-book retail price based
on the wholesale price. Thus, to simplify the calculation, in
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this section, we choose the second game order (the Data
Company is the leader, and the book publisher and the
retailer are the follower) to start our research.

In the ND model, the benefit functions of the Data
Company, the book publisher, and the retailer are shown in
functions (2), (3), and (4), respectively.

𝜋𝑁𝐷
𝑏

= (𝑝𝑏 − 𝑐𝑏) 𝛽𝑁𝐷𝑄𝑁𝐷 (2)

𝜋𝑁𝐷
𝑟

= (𝑝𝑁𝐷 − 𝑤𝑁𝐷 − 𝑐V𝑟 − 𝑐𝑟)𝑄𝑁𝐷 (3)

𝜋𝑁𝐷
𝑑

= (𝑤𝑁𝐷 − 𝑝𝑏 − 𝑐 − 𝑐V𝑑 − 𝑐𝑑)𝑄𝑁𝐷 (4)

𝜋𝑁𝐷
𝑡

= 𝜋𝑁𝐷
𝑏

+ 𝜋𝑁𝐷
𝑑

+ 𝜋𝑁𝐷
𝑟

(5)

Based on formulas (2), (3), and (4), we get Proposition 1.

Proposition 1. The optimal prices and benefits of book supply
chain members are shown in formulas (5) and (6).

(𝑝∗
𝑏
, 𝑤𝑁𝐷∗, 𝑝𝑁𝐷∗, 𝑄𝑁𝐷∗)
= ((𝛼𝑁𝐷 − 𝑐 − 𝑐𝑑 − 𝑐𝑟 − 𝑐V𝑟 − 𝑐V𝑑 + 𝑐𝑏)2 ,
(3𝛼𝑁𝐷 + 𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑 − 3𝑐𝑟 − 3𝑐V𝑟)4 ,
(7𝛼𝑁𝐷 + 𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐𝑟 + 𝑐V𝑑 + 𝑐V𝑟)8 ,
𝛼𝑁𝐷 − 𝑐 − 𝑐𝑏 − 𝑐𝑑 − 𝑐𝑟 − 𝑐V𝑟 − 𝑐V𝑑8𝛼𝑁𝐷 )

(6)

(𝜋𝑁𝐷∗
𝑏

, 𝜋𝑁𝐷∗
𝑑

, 𝜋𝑁𝐷∗
𝑟

)
= (𝛽𝑁𝐷 (𝛼𝑁𝐷 − 𝑐 − 𝑐𝑏 − 𝑐𝑑 − 𝑐𝑟 − 𝑐V𝑑 − 𝑐V𝑟)216𝛼𝑁𝐷 ,
(𝛼𝑁𝐷 − 𝑐 − 𝑐𝑏 − 𝑐𝑑 − 𝑐𝑟 − 𝑐V𝑑 − 𝑐V𝑟)232𝛼𝑁𝐷 ,
(𝛼𝑁𝐷 − 𝑐 − 𝑐𝑏 − 𝑐𝑑 − 𝑐𝑟 − 𝑐V𝑑 − 𝑐V𝑟)264𝛼𝑁𝐷 )

(7)

Proof. According to reverse method, firstly, the first order
partial derivative of 𝜋𝑁𝐷

𝑟
with respect to 𝑝𝑁𝐷 is calculated,

and then let 𝜕𝜋𝑁𝐷
𝑟

/𝜕𝑝𝑁𝐷 = 0. We get 𝑝𝑁𝐷(𝑤𝑁𝐷) = (𝛼𝑁𝐷+𝑐𝑟+𝑐V𝑟 + 𝑤𝑁𝐷)/2, and then put 𝑝𝑁𝐷(𝑤𝑁𝐷) into formula
(4). 𝜋𝑁𝐷

𝑑
(𝑤𝑁𝐷) is got. Then, calculate the first order partial

derivative of 𝜋𝑁𝐷
𝑑

(𝑤𝑁𝐷) with respect to 𝑤𝑁𝐷, and let 𝜕𝜋𝑁𝐷
𝑟

/𝜕𝑝𝑁𝐷 = 0. We get 𝑤𝑁𝐷 = (𝛼𝑁𝐷 + 𝑐 + 𝑐𝑑 + 𝑐V𝑑 − 𝑐𝑟 − 𝑐V𝑟 + 𝑝𝑏)/2, and then put it into formula (2). Based on these, we get𝑝∗
𝑏

= (𝛼𝑁𝐷 − 𝑐 − 𝑐𝑑 − 𝑐𝑟 − 𝑐V𝑟 − 𝑐V𝑑 + 𝑐𝑏)/2. Then, 𝑤𝑁𝐷∗ =(3𝛼𝑁𝐷+𝑐+𝑐𝑏+𝑐𝑑−3𝑐𝑟+𝑐V𝑑−3𝑐V𝑟)/4 and 𝑝𝑁𝐷∗ = (7𝛼𝑁𝐷+𝑐+𝑐𝑏+𝑐𝑑+𝑐𝑟+𝑐V𝑑+𝑐V𝑟)/8. According to 𝑝∗
𝑏
,𝑤𝑁𝐷∗, and 𝑝𝑁𝐷∗, we

get𝑄𝑁𝐷∗, 𝜋𝑁𝐷∗
𝑏

, 𝜋𝑁𝐷∗
𝑑

, and 𝜋𝑁𝐷∗
𝑟

. Therefore, Proposition 1 is
proved.

Due to 𝑄𝑁𝐷∗ > 0, we get formula (8).

𝛼𝑁𝐷 > 𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐𝑟 + 𝑐V𝑟 + 𝑐V𝑑 (8)

4.2. Benefit Model of the DM Model. In the DM model, the
book publisher gains the related BDI from Data Company.
By the comprehensive utilization of BDI and its internal data,
inventory cost and sale cost of the book publisher can be
improved.However, in the decentralized decision, the retailer
can gain the market demand information from the book
publisher; namely, information is symmetric between the
book publisher and the retailer.

The benefit functions of the Data Company, the book
publisher, and the retailer are shown in functions (9), (10),
and (11), respectively.

𝜋𝐷𝑀
𝑏

= (𝑝𝐷𝑀
𝑏

− 𝑐𝑖𝑏 − 𝜃𝑐𝑏) 𝛽𝐷𝑀𝑄𝐷𝑀 (9)

𝜋𝐷𝑀
𝑟

= (𝑝𝐷𝑀 − 𝑤𝐷𝑀 − 𝑐V𝑟 − 𝑐𝑟)𝑄𝐷𝑀 (10)

𝜋𝐷𝑀
𝑑

= (𝑤𝐷𝑀 − 𝑝𝐷𝑀
𝑏

− 𝜃𝑐 − 𝜃𝑐V𝑑 − 𝜃𝑐𝑑)𝑄𝐷𝑀 (11)

𝜋𝐷𝑀
𝑡

= 𝜋𝐷𝑀
𝑏

+ 𝜋𝐷𝑀
𝑑

+ 𝜋𝐷𝑀
𝑟

(12)

Based on formulas (9), (10), and (11), we get Proposition 2.

Proposition 2. The optimal prices and benefits of supply chain
members are shown in formulas (13) and (14) (the proof process
is similar to Section 4.1, and, here, we will not elaborate this
calculation process).

(𝑝𝐷𝑀∗
𝑏

, 𝑤𝐷𝑀∗, 𝑝𝐷𝑀∗, 𝑄𝐷𝑀∗)
= (𝛼𝐷𝑀 − 𝜃𝑐 − 𝜃𝑐𝑑 + 𝑐𝑖𝑏 − 𝑐𝑟 − 𝑐V𝑟 + 𝜃𝑐𝑏 − 𝜃𝑐V𝑑2 ,
3𝛼𝐷𝑀 + 𝜃𝑐 + 𝜃𝑐𝑏 + 𝜃𝑐𝑑 + 𝑐𝑖𝑏 − 3 (𝑐𝑟 + 𝑐V𝑟) + 𝜃𝑐V𝑑4 ,
7𝛼𝐷𝑀 + 𝜃𝑐𝑏 + 𝑐𝑖𝑏 + 𝜃𝑐 + 𝜃𝑐𝑑 + 𝜃𝑐V𝑑 + 𝑐𝑟 + 𝑐V𝑟8 ,
𝛼𝐷𝑀 − 𝜃𝑐𝑏 − 𝑐𝑖𝑏 − 𝑐𝑟 − 𝑐V𝑟 − 𝜃𝑐 − 𝜃𝑐𝑑 − 𝜃𝑐V𝑑8𝛼𝐷𝑀 )

(13)

(𝜋𝐷𝑀∗
𝑏

, 𝜋𝐷𝑀∗
𝑑

, 𝜋𝐷𝑀∗
𝑟

)
= (𝛽𝐷𝑀 [𝛼𝐷𝑀 − 𝜃𝑐 − 𝜃𝑐𝑑 − 𝜃𝑐V𝑑 − 𝑐𝑖𝑏 − 𝜃𝑐𝑏 + 𝑐𝑟 + 𝑐V𝑟]216𝛼𝐷𝑀 ,
[𝛼𝐷𝑀 − 𝜃𝑐 − 𝜃𝑐𝑑 − 𝜃𝑐V𝑑 − 𝑐𝑖𝑏 − 𝜃𝑐𝑏 + 𝑐𝑟 + 𝑐V𝑟]232𝛼𝐷𝑀 ,
[𝛼𝐷𝑀 − 𝜃𝑐 − 𝜃𝑐𝑑 − 𝜃𝑐V𝑑 − 𝑐𝑖𝑏 − 𝜃𝑐𝑏 + 𝑐𝑟 + 𝑐V𝑟]264𝛼𝐷𝑀 )

(14)

Due to 𝑄𝐷𝑀∗ > 0, we get formula (15).

𝛼𝐷𝑀 > 𝜃𝑐𝑏 + 𝑐𝑖𝑏 + 𝑐𝑟 + 𝑐V𝑟 + 𝜃𝑐 + 𝜃𝑐𝑑 + 𝜃𝑐V𝑑 (15)
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4.3. Decision Analyses of Supply Chain Members

Proposition 3. When the added cost of the Data Company
using in analyzing Big Data is 𝑐𝑖𝑏 ∈ (0,min{𝜏3, 𝜏4}), imple-
menting Big Data plan can make the book publisher and the
Data Company gain more benefits, the Data Company will
invest in Big Data.

Proof. To research the investment condition of the Data
Company and the book publisher, benefits should be com-
pared before and after investing in BDI. From the angle
of whole supply chain, investors’ benefits after investment
should be higher than before investment. Assume that the
change value of the retailer is Δ𝜋𝑑 before and after applying
BDI.Δ𝜋𝑑 = 𝜋𝐷𝑀∗

𝑑
−𝜋𝑁𝐷∗
𝑑

= [𝛼𝐷𝑀−𝜃𝑐−𝜃𝑐𝑑−𝜃𝑐V𝑑−𝑐𝑖𝑏−𝜃𝑐𝑏+𝑐𝑟+𝑐V𝑟]2/32𝛼𝐷𝑀−(𝛼𝑁𝐷−𝑐−𝑐𝑏−𝑐𝑑−𝑐𝑟−𝑐V𝑑−𝑐V𝑟)2/64𝛼𝑁𝐷. When𝑐𝑖𝑏 < 𝛼𝐷𝑀−𝜃𝑐−𝜃𝑐𝑑−𝜃𝑐V𝑑−𝜃𝑐𝑏+𝑐𝑟+𝑐V𝑟−√𝛼𝐷𝑀/2𝛼𝑁𝐷(𝛼𝑁𝐷−𝑐−𝑐𝑏−𝑐𝑑−𝑐𝑟−𝑐V𝑑−𝑐V𝑟) can bemet,Δ𝜋𝑑 > 0.We call this condition𝜏3. Assume that the change value of theDataCompany isΔ𝜋𝑏2
before and after applying Big Data. Δ𝜋𝑏2 = 𝜋𝐷𝑀∗

𝑏
− 𝜋𝑁𝐷∗
𝑏

=𝛽𝐷𝑀[𝛼𝐷𝑀 − 𝜃𝑐 − 𝜃𝑐𝑑 − 𝜃𝑐V𝑑 − 𝑐𝑖𝑏 − 𝜃𝑐𝑏 + 𝑐𝑟 + 𝑐V𝑟]2/16𝛼𝐷𝑀 −𝛽𝑁𝐷(𝛼𝑁𝐷 − 𝑐 − 𝑐𝑏 − 𝑐𝑑 − 𝑐𝑟 − 𝑐V𝑑 − 𝑐V𝑟)2/16𝛼𝑁𝐷. When 𝑐𝑖𝑏 <𝛼𝐷𝑀−𝜃𝑐−𝜃𝑐𝑑−𝜃𝑐V𝑑−𝜃𝑐𝑏+𝑐𝑟+𝑐V𝑟√𝛽𝑁𝐷𝛼𝐷𝑀/𝛽𝐷𝑀𝛼𝑁𝐷(𝛼𝑁𝐷−𝑐 − 𝑐𝑏 − 𝑐𝑑 − 𝑐𝑟 − 𝑐V𝑑 − 𝑐V𝑟) can be met, Δ𝜋𝑏2 > 0. We call this
condition 𝜏4.

According to functions (13) and (14), Property 4 was
obtained and the analysis process can be seen in the
appendix.

Property 4. (1) 𝜕𝑝𝐷𝑀∗/𝜕𝜃 = (𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)/8 > 0,𝜕𝑤𝐷𝑀∗/𝜕𝜃 = (𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)/4 > 0, 𝜕𝑝𝐷𝑀∗
𝑏

/𝜕𝜃 = (𝑐𝑏 −𝑐 − 𝑐𝑑 − 𝑐V𝑑)/2(2) 𝜕𝜋𝐷𝑀∗
𝑟

/𝜕𝜃 = (𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)[𝑐𝑖𝑏 − 𝛼𝐷𝑀 + 𝑐𝑟 + 𝑐V𝑟 +𝜃(𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)]/32𝛼𝐷𝑀 < 0,𝜕𝜋𝐷𝑀∗
𝑑

/𝜕𝜃 = (𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)[𝑐𝑖𝑏 − 𝛼𝐷𝑀 + 𝑐𝑟 + 𝑐V𝑟 + 𝜃(𝑐 +𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)]/16𝛼𝐷𝑀 < 0,𝜕𝜋𝐷𝑀∗
𝑏

/𝜕𝜃 = 𝛽(𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)[𝑐𝑖𝑏 −𝛼𝐷𝑀 + 𝑐𝑟 + 𝑐V𝑟 +𝜃(𝑐 +𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)]/8𝛼𝐷𝑀 < 0.
According to (1) in the Property 4, with the ascent of the

cost improvement coefficient 𝜃, the wholesale price and the
retail price of book will add. In addition, about the changes
of 𝜃, the optimal wholesale price of book will have a bigger
fluctuation than the optimal retail price of book. Perhaps it
is because, in the DM model, the book publisher has used
BDI to improve its costs and then can set a lower wholesale
price. However, with the ascent of the cost improvement
coefficient 𝜃, the change trends of the retail price of the
Data Company are uncertain. When 𝑐𝑏 − 𝑐 − 𝑐𝑑 − 𝑐V𝑑 > 0,
with the ascent of the cost improvement coefficient 𝜃, the
retail price of the Data Company will add; in contrast, it will
reduce.

According to (2) in Property 4, with the ascent of the
cost improvement coefficient 𝜃, revenues of supply chain
members will reduce. It demonstrates that when the opti-
mization amplitude of the costs through using BDI (i.e., the
cost improvement coefficient 𝜃 is small) is bigger, revenues

of supply chain members are also bigger. Thus, for decision
makers, if they want to gain more benefits through using
BDI, they should try their best to excavate the value of BDI
to reduce the value of 𝜃. In addition, about the changes
of 𝜃, the revenue of the Data Company will have a bigger
fluctuation than benefits of the retailer and the book pub-
lisher.

5. Investment Decision-Making of
Supply Chain in the Information
Symmetric Environment

In the environment of Big Data, to produce books needed
by consumers, the traditional book publisher has to gain
consumers’ preference information from Data Company.
With this trend growth, Data Company will become an
important part of book supply chain. In this circumstance, if
supply chain members want to get more benefits, how should
they invest in BDI? How should the players balance profits
and costs? These problems are important for book supply
members.

To solve the above problems and make up the theoretical
research gap, a supply chain with one book publisher, one
retailer, and one Data Company was chosen. Based on the
utility function theory, the demand function was built. Then,
the benefit functions of the book publisher, the retailer, and
the Data Company were constructed in the aforementioned
models.

5.1. Benefit Model of the DR Model. In the DR model,
the retailer obtains the related BDI from Data Company.
Through the comprehensive utilization of BDI and its internal
data, inventory cost and sale cost of the retailer can be
improved. However, in the decentralized decision, the book
publisher cannot gain the market demand information from
the retailer; namely, information is asymmetric between the
book publisher and the retailer.

The benefit functions of the Data Company, the book
publisher, and the retailer are shown in functions (16), (17),
and (18), respectively.

𝜋𝐷𝑅
𝑏

= (𝑝𝐷𝑅
𝑏

− 𝑐𝑖𝑏 − 𝜃𝑐𝑏) 𝛽𝐷𝑅𝑄𝐷𝑅 (16)

𝜋𝐷𝑅
𝑟

= (𝑝𝐷𝑅 − 𝑤𝐷𝑅 − 𝑝𝐷𝑅
𝑏

− 𝜃𝑐V𝑟 − 𝜃𝑐𝑟)𝑄𝐷𝑅 (17)

𝜋𝐷𝑅
𝑑

= (𝑤𝐷𝑅 − 𝑝𝑁𝐷
𝑏

− 𝑐 − 𝑐V𝑑 − 𝑐𝑑)𝑄𝐷𝑅 (18)

𝜋𝐷𝑅
𝑡

= 𝜋𝐷𝑅
𝑏

+ 𝜋𝐷𝑅
𝑑

+ 𝜋𝐷𝑅
𝑟

(19)

Based on formulas (16), (17), and (18), we get
Proposition 5.

Proposition 5. The optimal prices and benefits of supply chain
members are shown in formulas (20) and (21), respectively (the
proof process is similar to Section 4.1, and, here, we will not
elaborate this calculation process).
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(𝑝𝐷𝑅∗
𝑏

, 𝑤𝐷𝑅∗, 𝑝𝐷𝑅∗, 𝑄𝐷𝑅∗) = (𝛼𝐷𝑅 − 𝑐 − 𝑐𝑑 + 2𝑐𝑖𝑏 + (1 − 2𝜃) (𝑐𝑟 + 𝑐V𝑟 − 𝑐𝑏) − 𝑐V𝑑4 ,
5𝛼𝐷𝑅 + 3𝑐 + (3 − 2𝜃) 𝑐𝑏 + 3𝑐𝑑 − 2𝑐𝑖𝑏 − (3 + 2𝜃) (𝑐𝑟 + 𝑐V𝑟) + 3𝑐V𝑑8 ,
15𝛼𝐷𝑅 + (2𝜃 + 1) 𝑐𝑏 + 2𝑐𝑖𝑏 + 𝑐 + 𝑐𝑑 + 𝑐V𝑑 + (2𝜃 − 1) (𝑐𝑟 + 𝑐V𝑟)16 ,
𝛼𝐷𝑅 − (1 + 2𝜃) 𝑐𝑏 − 2𝑐𝑖𝑏 + (2𝜃 − 1) (𝑐𝑟 + 𝑐V𝑟) − 𝑐 − 𝑐𝑑 + 𝑐V𝑑16𝛼𝐷𝑅 )

(20)

(𝜋𝐷𝑅∗
𝑏

, 𝜋𝐷𝑅∗
𝑑

, 𝜋𝐷𝑅∗
𝑟

) = (𝛽𝐷𝑅 [𝛼𝐷𝑅 − 𝑐 − 𝑐𝑑 − 𝑐V𝑑 − 2𝑐𝑖𝑏 − (1 + 2𝜃) 𝑐𝑏 + (1 − 2𝜃) (𝑐𝑟 + 𝑐V𝑟)]264𝛼𝐷𝑅 ,
[𝛼𝐷𝑅 − 𝑐 − 𝑐𝑑 − 𝑐V𝑑 − 2𝑐𝑖𝑏 − (1 + 2𝜃) 𝑐𝑏 + (1 − 2𝜃) (𝑐𝑟 + 𝑐V𝑟)]2128𝛼𝐷𝑅 ,
[𝛼𝐷𝑅 − 𝑐 − 𝑐𝑑 − 𝑐V𝑑 − 2𝑐𝑖𝑏 − (1 + 2𝜃) 𝑐𝑏 + (1 − 2𝜃) (𝑐𝑟 + 𝑐V𝑟)]2256𝛼𝐷𝑅 )

(21)

Due to 𝑄𝐷𝑅∗ > 0, we get formula (22).

𝛼𝐷𝑅 > (1 + 2𝜃) 𝑐𝑏 + 2𝑐𝑖𝑏 − (2𝜃 − 1) (𝑐𝑟 + 𝑐V𝑟) + 𝑐 + 𝑐𝑑
− 𝑐V𝑑 (22)

5.2. Decision Analyses of the Retailer and Data Company

Proposition 6. When the added cost of the Data Company
using in analyzing Big Data is 𝑐𝑖𝑏 ∈ (0, {𝜏2}), implementing Big
Data plan can make the retailer and the Data Company gain
more benefits.

Proof. To research the investment condition of the Data
Company and the retailer, benefits should be compared
before and after investing in BDI. From the angle of the whole
supply chain, investors’ benefits, after investment, should be
higher than before investment. Assume that the change value
of the retailer is Δ𝜋𝑟 before and after applying BDI. Δ𝜋𝑟 =𝜋𝐷𝑅∗
𝑟

− 𝜋𝑁𝐷∗
𝑟

= [𝛼𝐷𝑅 − 𝑐 − 𝑐𝑑 − 𝑐V𝑑 − 2𝑐𝑖𝑏 − (1 + 2𝜃)𝑐𝑏 + (1 −2𝜃)(𝑐𝑟+𝑐V𝑟)]2/256𝛼𝐷𝑅−(𝛼𝑁𝐷−𝑐−𝑐𝑏−𝑐𝑑−𝑐𝑟−𝑐V𝑑−𝑐V𝑟)2/64𝛼𝑁𝐷.
When 𝑐𝑖𝑏 < [𝛼𝐷𝑅−𝑐−𝑐𝑑−𝑐V𝑑−(1+2𝜃)𝑐𝑏+(1−2𝜃)(𝑐𝑟+𝑐V𝑟)]/2−√𝛼𝐷𝑅/√𝛼𝑁𝐷(𝛼𝑁𝐷−𝑐−𝑐𝑏−𝑐𝑑−𝑐𝑟−𝑐V𝑑−𝑐V𝑟),Δ𝜋𝑟 > 0. We call
this condition 𝜏1. Assume that the change value of the Data
Company is Δ𝜋𝑏1 before and after applying Big Data. Δ𝜋𝑏1 =𝜋𝐷𝑅∗
𝑏

−𝜋𝑁𝐷∗
𝑏

= [𝛼𝐷𝑅−𝑐−𝑐𝑑−𝑐V𝑑−2𝑐𝑖𝑏−(1+2𝜃)𝑐𝑏+(1−2𝜃)(𝑐𝑟+𝑐V𝑟)]2𝛽𝐷𝑅/64𝛼𝐷𝑅−𝛽𝑁𝐷(𝛼𝑁𝐷−𝑐−𝑐𝑏−𝑐𝑑−𝑐𝑟−𝑐V𝑑−𝑐V𝑟)2/16𝛼𝑁𝐷.
When 𝑐𝑖𝑏 < [𝛼𝐷𝑅 − 𝑐 − 𝑐𝑑 − 𝑐V𝑑 − (1 + 2𝜃)𝑐𝑏]/2 + (1 − 2𝜃)(𝑐𝑟 +𝑐V𝑟)/2 − √𝛼𝐷𝑅𝛽𝑁𝐷/𝛽𝐷𝑅𝛼𝑁𝐷(𝛼𝑁𝐷 − 𝑐 − 𝑐𝑏 − 𝑐𝑑 − 𝑐𝑟 − 𝑐V𝑑 − 𝑐V𝑟),Δ𝜋𝑏1 > 0. We call this condition 𝜏2.

Because 𝛽𝑁𝐷 > 𝛽𝐷𝑅, we get 𝜏1 > 𝜏2. Thus, the threshold
of 𝑐𝑖𝑏 should meet the condition 𝜏2. Based on 𝜏2, we can

get that 𝑐𝑖𝑏 has a negative relationship with the industry cost
improvement coefficient 𝜃.

According to functions (20) and (21), Property 7 was
obtained and the analysis process is similar to Property 4, and
we will not repeat here.

Property 7. (1) 𝜕𝑝𝐷𝑅∗/𝜕𝜃 = (𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)/8 > 0, 𝜕𝑤𝐷𝑅∗/𝜕𝜃 =−(𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)/4 < 0, 𝜕𝑝𝐷𝑅∗
𝑏

/𝜕𝜃 = (𝑐𝑏 − 𝑐𝑑 − 𝑐V𝑑)/2(2) 𝜕𝜋𝐷𝑅∗
𝑟

/𝜕𝜃 = (𝑐𝑏 + 𝑐𝑟 + 𝑐V𝑟)[𝑐 −𝛼𝐷𝑅 +2𝑐𝑖𝑏 + 𝑐𝑑 + 𝑐𝑑 − 𝑐𝑟 −𝑐V𝑟 + 2𝜃(𝑐𝑏 + 𝑐𝑟 + 𝑐V𝑟)]/64𝛼𝐷𝑅 < 0,𝜕𝜋𝐷𝑅∗
𝑑

/𝜕𝜃 = (𝑐𝑏 + 𝑐𝑟 + 𝑐V𝑟)[𝑐 − 𝛼𝐷𝑅 + 2𝑐𝑖𝑏 + 𝑐𝑑 + 𝑐𝑑 − 𝑐𝑟 −𝑐V𝑟 + 2𝜃(𝑐𝑏 + 𝑐𝑟 + 𝑐V𝑟)]/32𝛼𝐷𝑅 < 0,𝜕𝜋𝐷𝑅∗
𝑏

/𝜕𝜃 = 𝛽(𝑐𝑏 + 𝑐𝑟 + 𝑐V𝑟)[𝑐 − 𝛼𝐷𝑅 + 2𝑐𝑖𝑏 + 𝑐𝑑 + 𝑐𝑑 − 𝑐𝑟 −𝑐V𝑟 + 2𝜃(𝑐𝑏 + 𝑐𝑟 + 𝑐V𝑟)]/16𝛼𝐷𝑅 < 0.
According to (1) in Property 7, with the ascent of the cost

improvement coefficient 𝜃, the wholesale price will reduce
and the retail price of book will add. Perhaps it is because,
in the DR model, the retailer has used BDI to improve its
costs and then can set a lower retailer price, and it will make
the book publisher set a low wholesale price. However, with
the ascent of the cost improvement coefficient 𝜃, the change
trends of the retail price of the Data Company are uncertain.
When 𝑐𝑏−𝑐𝑑−𝑐V𝑑 > 0, with the ascent of the cost improvement
coefficient 𝜃, the retail price of the Data Company will add; in
contrast, it will reduce.

According to (2) in Property 7, with the ascent of the
cost improvement coefficient 𝜃, revenues of supply chain
members will reduce. It demonstrates that when the opti-
mization amplitude of the costs through using BDI (i.e., the
cost improvement coefficient 𝜃 is small) is bigger, revenues
of supply chain members are also higher. Thus, for decision
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makers, if they want to gainmore benefits through using BDI,
they should try their best to excavate the value of BDI to
reduce the value of 𝜃. In addition, about the change of 𝜃, the
revenue of the Data Company will have a bigger fluctuation
than benefits of the retailer and the book publisher.

6. Supply Chain Coordination

6.1. Benefit Model of the DS Model. In the DS model, to gain
more benefits, the book publisher and the retailer will invest
in BDI together. Assume that the BDI cost undertaken by
the book publisher and the retailer is (1 − 𝛿)𝑝𝐷𝑆

𝑏
and 𝛿𝑝𝐷𝑆

𝑏
,

respectively. Here, 𝛿 ∈ [0, 1]. Meanwhile, to encourage the
retailer to bear the BDI cost, the book publisher will provide
a lowwholesale price to the retailer.The retailer will also share
its benefits with the book publisher. Assume that the revenue
sharing coefficient is 𝜌, and benefits of theData Company, the
retailer, and the book publisher are shown in functions (23),
(24), (25), respectively.

𝜋𝐷𝑆
𝑏

= (𝑝𝐷𝑆
𝑏

− 𝑐𝑖𝑏 − 𝜃𝑐𝑏) 𝛽𝐷𝑆𝑄𝐷𝑆 (23)

𝜋𝐷𝑆
𝑟

= 𝜌 (𝑝𝐷𝑆 − 𝑤𝐷𝑆 − 𝛿𝑝𝐷𝑆
𝑏

− 𝜃𝑐V𝑟 − 𝜃𝑐𝑟)𝑄𝐷𝑆 (24)

𝜋𝐷𝑆
𝑑

= (𝑤𝐷𝑆 − (1 − 𝛿) 𝑝𝐷𝑆
𝑏

− 𝜃𝑐 − 𝜃𝑐V𝑑 − 𝜃𝑐𝑑)𝑄𝐷𝑆
+ (1 − 𝜌) (𝑝𝐷𝑆 − 𝑤𝐷𝑆 − 𝛿𝑝𝐷𝑆

𝑏
− 𝜃𝑐V𝑟 − 𝜃𝑐𝑟)𝑄𝐷𝑆

(25)

𝜋𝐶 = [𝑝𝐶 − 𝑐𝑖𝑏 − 𝜃 (𝑐𝑏 + 𝑐𝑟 + 𝑐V𝑟 + 𝑐V𝑑 + 𝑐𝑑 + 𝑐)]𝑄𝐶 (26)

Formula (26) stands for the benefit of the centralized
supply chain. Based on formula (24), the optimal order
quantity is𝑄𝐷𝑆∗ = (𝛼𝐷𝑆 −𝑤𝐷𝑆 −𝛿𝑐𝑖𝑏 −𝜃𝑐𝑟 −𝜃𝑐V𝑟 −𝛿𝜃𝑐𝑏)/4𝛼𝐷𝑆.
The optimal benefits of the Data Company, the retailer, and
the book publisher are (𝜋𝐷𝑆∗

𝑏
, 𝜋𝐷𝑆∗
𝑟

, 𝜋𝐷𝑆∗
𝑑

) = (𝛽𝐷𝑆(𝛼𝐷𝑆−𝑤𝐷𝑆−𝛿𝑐𝑖𝑏−𝜃𝑐𝑟−𝜃𝑐V𝑟−𝛿𝜃𝑐𝑏)2/8𝛿𝛼𝐷𝑆, 𝜌(𝛼𝐷𝑆−𝑤𝐷𝑆−𝛿𝑐𝑖𝑏−𝜃𝑐𝑟−𝜃𝑐V𝑟−𝛿𝜃𝑐𝑏)2/16𝛼𝐷𝑆, (𝛼𝐷𝑆−𝑤𝐷𝑆−𝛿𝑐𝑖𝑏−𝜃𝑐𝑟−𝜃𝑐V𝑟−𝛿𝜃𝑐𝑏)[2𝛿𝜃(𝑐+𝑐𝑑+𝑐V𝑑)+ (1−𝛿)(𝛼𝐷𝑆+𝛿𝑐𝑖𝑏−𝜃𝑐𝑟−𝜃𝑐V𝑟+𝛿𝜃𝑐𝑏)+ (1−3𝛿)𝑤𝐷𝑆]/8𝛿𝛼𝐷𝑆
+ (1 − 𝜌)(𝛼𝐷𝑆 − 𝑤𝐷𝑆 − 𝛿𝑐𝑖𝑏 − 𝜃𝑐𝑟 − 𝜃𝑐V𝑟 − 𝛿𝜃𝑐𝑏)2/16𝛼𝐷𝑆).
6.2. Decision Analyses and Coordination Policies

Proposition 8. If the added cost of the Data Company because
of using Big Data technology is 𝑐𝑖𝑏 ∈ (0,min{𝜓1, 𝜓2, 𝜓3}), the
three-stage book supply chain can be coordinated using revenue
sharing contract.

Proof. Based on formula (26), the optimal benefits and the
optimal sale volume are shown as formulas (27) and (28).

𝜋𝐶∗
= (𝛼𝐶 − 𝑐𝑖𝑏 − 𝜃𝑐 − 𝜃𝑐𝑏 − 𝜃𝑐𝑑 − 𝜃𝑐𝑟 − 𝜃𝑐V𝑑 − 𝜃𝑐V𝑟)24𝛼𝐶

(27)

𝑄𝐶∗ = (𝛼𝐶 − 𝑐𝑖𝑏 − 𝜃𝑐 − 𝜃𝑐𝑏 − 𝜃𝑐𝑑 − 𝜃𝑐𝑟 − 𝜃𝑐V𝑟 − 𝜃𝑐V𝑑)2𝛼𝐶 (28)

Assume that, before and after supply chain members using
Big Data, the change values of supply chain benefits are Δ 1,Δ 2, and Δ 3. Δ 1 = 𝜋𝐶∗ − 𝜋𝑁𝐷∗

𝑡
= (𝛼𝐶 − 𝑐𝑖𝑏 − 𝜃𝑐 − 𝜃𝑐𝑏 − 𝜃𝑐𝑑 −𝜃𝑐𝑟−𝜃𝑐V𝑑−𝜃𝑐V𝑟)2/4𝛼𝐶−(4𝛽𝑁𝐷+3)(𝛼𝑁𝐷−𝑐−𝑐𝑏−𝑐𝑑−𝑐𝑟−𝑐V𝑑−𝑐V𝑟)2/64𝛼𝑁𝐷. When 𝑐𝑖𝑏 < 𝛼𝐶 − 𝜃(𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐𝑟 + 𝑐V𝑑 + 𝑐V𝑟) −4√𝛼𝐶(4𝛽𝑁𝐷 + 3)/𝛼𝑁𝐷(𝛼𝑁𝐷 − 𝑐 − 𝑐𝑏 − 𝑐𝑑 − 𝑐𝑟 − 𝑐V𝑑 − 𝑐V𝑟) can

be met, Δ 1 > 0. This condition is called 𝜓1. Δ 2 = 𝜋𝐶∗ − 𝜋𝐷𝑅∗
𝑡

= (𝛼𝐶 − 𝑐𝑖𝑏 − 𝜃𝑐 − 𝜃𝑐𝑏 − 𝜃𝑐𝑑 − 𝜃𝑐𝑟 − 𝜃𝑐V𝑑 − 𝜃𝑐V𝑟)2/4𝛼𝐶 − (4𝛽𝐷𝑅 +3)[𝛼𝐷𝑅−𝑐−𝑐𝑑−𝑐V𝑑−2𝑐𝑖𝑏−(1+2𝜃)𝑐𝑏+(1−2𝜃)(𝑐𝑟+𝑐V𝑟)]2/256𝛼𝐷𝑅.
When (8√𝛼𝐶(4𝛽𝐷𝑅 + 3)/14𝛼𝐷𝑅 + 1)𝑐𝑖𝑏 < 𝛼𝐶 − 𝜃(𝑐 + 𝑐𝑏 + 𝑐𝑑 +𝑐𝑟+𝑐V𝑑+𝑐V𝑟)−4√𝛼𝐶(4𝛽𝐷𝑅 + 3)/14𝛼𝐷𝑅(𝛼𝐷𝑅−𝑐−𝑐𝑑−𝑐V𝑑−(1+2𝜃)𝑐𝑏 + (1 − 2𝜃)(𝑐𝑟 + 𝑐V𝑟)) can be met, Δ 2 > 0. This condition
is called 𝜓2. Δ 3 = 𝜋𝐶∗ − 𝜋𝐷𝑀∗

𝑡
= 1/4𝛼𝐶 × (𝛼𝐶 − 𝑐𝑖𝑏 − 𝜃𝑐 −𝜃𝑐𝑏 − 𝜃𝑐𝑑 − 𝜃𝑐𝑟 − 𝜃𝑐V𝑑 − 𝜃𝑐V𝑟)2 − (4𝛽𝐷𝑀 + 3)[𝛼𝐷𝑀 − 𝜃𝑐 − 𝜃𝑐𝑑 −𝜃𝑐V𝑑 − 𝑐𝑖𝑏 − 𝜃𝑐𝑏 + 𝑐𝑟 + 𝑐V𝑟]2/64𝛼𝐷𝑀. When (√𝛼𝐶(4𝛽𝐷𝑀 + 3) +4√𝛼𝑀)𝑐𝑖𝑏 < 4√𝛼𝑀(𝛼𝐶 − 𝜃𝑐 − 𝜃𝑐𝑏 − 𝜃𝑐𝑑 − 𝜃𝑐𝑟 − 𝜃𝑐V𝑑 − 𝜃𝑐V𝑟) −√𝛼𝐶(4𝛽𝐷𝑀 + 3)(𝛼𝐷𝑀 − 𝜃𝑐 − 𝜃𝑐𝑑 − 𝜃𝑐V𝑑 − 𝜃𝑐𝑏 + 𝑐𝑟 + 𝑐V𝑟) can be

met, Δ 3 > 0. This condition is called 𝜓3.
Thus, if supply chain members invest in BDI together

and apply revenue sharing contract to coordinate the supply
chain, the added cost of the Data Company because of using
Big Data technology should meet 𝑐𝑖𝑏 ∈ (0,min{𝜓1, 𝜓2, 𝜓3}).
In this condition, supply chain members investment together
can gain more benefits.

Proposition 9. When the optimal wholesale price𝑤𝐷𝑆∗ = (2−𝛿)𝑐𝑖𝑏−𝛼𝐶+2𝜃(𝑐+𝑐𝑏+𝑐𝑑+𝑐V𝑑)+𝜃𝑐𝑟+𝜃𝑐V𝑟−𝜃𝛿𝑐𝑏 can be satisfied,
meanwhile, 𝛿(𝑐𝑖𝑏+𝜃𝑐𝑏) < 2𝑐𝑖𝑏−𝛼𝐶+2𝜃(𝑐+𝑐𝑏+𝑐𝑑+𝑐V𝑑)+𝜃𝑐𝑟+𝜃𝑐V𝑟
can be satisfied, the revenue sharing contract can achieve the
supply chain coordinate.

Proof. Generally, the retail price is an exogenously given
value; therefore, the order volume of the retailer will decide
the profits of supply chain. To obtain the optimal profit,𝑄𝐶∗ =𝑄𝐷𝑆∗ should be satisfied.There is (𝛼𝐶−𝑐𝑖𝑏−𝜃𝑐−𝜃𝑐𝑏−𝜃𝑐𝑑−𝜃𝑐𝑟−𝜃𝑐V𝑟 −𝜃𝑐V𝑑)/2𝛼𝐶 = (𝛼𝐷𝑆 −𝑤𝐷𝑆 −𝛿𝑐𝑖𝑏 −𝜃𝑐𝑟 −𝜃𝑐V𝑟 −𝛿𝜃𝑐𝑏)/4𝛼𝐷𝑆.
Due to 𝛼𝐷𝑆 = 𝛼𝐶, 𝑤𝐷𝑆∗ = (2 − 𝛿)𝑐𝑖𝑏 − 𝛼𝐶 + 2𝜃(𝑐 + 𝑐𝑏 + 𝑐𝑑 +𝑐V𝑑) + 𝜃𝑐𝑟 + 𝜃𝑐V𝑟 − 𝜃𝛿𝑐𝑏. Let 𝑤𝐷𝑆∗ > 0, so we get 𝛿(𝑐𝑖𝑏 + 𝜃𝑐𝑏) <2𝑐𝑖𝑏 − 𝛼𝐶 + 2𝜃(𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑) + 𝜃𝑐𝑟 + 𝜃𝑐V𝑟.

Based on Proposition 9 and formulas (23) and (25), we
get (𝑝𝐷𝑆∗

𝑏
, 𝑤𝐷𝑆∗, 𝑝𝐷𝑆∗) = (𝑐𝑖𝑏 + 𝜃𝑐𝑏 − 𝜌(𝑎 − 𝑐𝑖𝑏 − 𝜃𝑐 − 𝜃𝑐𝑑 −𝜃𝑐𝑏 − 𝜃𝑐𝑟 − 𝜃𝑐V𝑑 − 𝛿𝑐V𝑟, (1 − 𝛿)𝑐𝑖𝑏 + 𝜃(𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑) − 𝜃𝛿𝑐𝑏 +𝛿𝜌(𝑎−𝑐𝑖𝑏−𝜃𝑐−𝜃𝑐𝑑−𝜃𝑐𝑏−𝜃𝑐𝑟−𝜃𝑐V𝑑−𝛿𝑐V𝑟), (𝑎+𝑐𝑖𝑏+𝜃𝑐+𝜃𝑐𝑑+𝜃𝑐𝑏+𝜃𝑐𝑟+𝜃𝑐V𝑑+𝛿𝑐V𝑟)/2) and 𝜋𝐷𝑆∗

𝑟
+𝜋𝐷𝑆∗
𝑏

+𝜋𝐷𝑆∗
𝑑

= 𝜋𝐶∗.Thus,
we can get Property 10 and the analysis process is similar to
Property 4, and we will not repeat here.

Property 10. (1) 𝜕𝑝𝐷𝑆∗/𝜕𝜃 = (𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑 + 𝑐V𝑟 + 𝑐𝑟)/2 > 0,𝜕𝑤𝐷𝑆∗/𝜕𝜃 = 𝑐+𝑐𝑏+𝑐𝑑+𝑐V𝑑−𝛿𝑐𝑏−𝛿𝜌(𝑐+𝑐𝑏+𝑐𝑑+𝑐V𝑑+𝑐𝑟+𝑐V𝑟),𝜕𝑝𝐷𝑆∗
𝑏

/𝜕𝜃 = 𝑐𝑏 − 𝜌(𝑐 + 𝑐𝑑 + 𝑐V𝑑 + 𝑐𝑟 + 𝑐𝑏);(2) 𝜕𝜋𝐷𝑆∗
𝑡

/𝜕𝜃 = (𝑐𝑏+𝑐+𝑐𝑑+𝑐V𝑑+𝑐𝑟+𝑐V𝑟)[𝑐𝑖𝑏−𝛼𝐷𝑆+𝜃(𝑐𝑏+𝑐 + 𝑐𝑑 + 𝑐V𝑑 + 𝑐𝑟 + 𝑐V𝑟)]/2𝛼𝐷𝑆 < 0.
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According to (1) in Property 10, with the ascent of the
cost improvement coefficient 𝜃, the retail price of book will
add, and the change trend of the book wholesale price is
determined by 𝑐+𝑐𝑏+𝑐𝑑+𝑐V𝑑−𝛿𝑐𝑏−𝛿𝜌(𝑐+𝑐𝑏+𝑐𝑑+𝑐V𝑑+𝑐𝑟+𝑐V𝑟).
When 𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑 −𝛿𝑐𝑏 −𝛿𝜌(𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑 + 𝑐𝑟 + 𝑐V𝑟) > 0,
with the growth of the cost improvement coefficient 𝜃, the
book wholesale price will increase; in contrast, it will reduce.
However, with the ascent of the cost improvement coefficient𝜃, the change trends of the retail price of the Data Company
are uncertain. When 𝑐𝑏 − 𝜌(𝑐 + 𝑐𝑑 + 𝑐V𝑑 + 𝑐𝑟 + 𝑐𝑏) > 0, with the
ascent of the cost improvement coefficient 𝜃, the retail price
of the Data Company will add; in contrast, it will reduce.

According to (2) in Property 10, with the ascent of the
cost improvement coefficient 𝜃, revenues of supply chain
will reduce. It demonstrates that when the optimization
amplitude of the costs through using BDI (i.e., the cost
improvement coefficient 𝜃 is small) is bigger, revenues of
supply chain are also bigger. Thus, for the decision makers,
if they want to gain more benefits through using BDI, they
should try their best to excavate the value of BDI to reduce
the value of 𝜃.
Proposition 11. To achieve a win-win aim, benefits between
supply chain members in different models, max{𝜁1, 𝜁2, 𝜁3} ≤𝜌 ≤ min{𝜙1, 𝜙2, 𝜙3}, should be satisfied.
Proof. To achieve a win-win aim, benefits between supply
chainmembers in differentmodels shouldmeet the following
relationships: 𝜋𝐷𝑆∗

𝑟
≥ 𝜋𝐷𝑅∗
𝑟

, 𝜋𝐷𝑆∗
𝑟

≥ 𝜋𝐷𝑀∗
𝑟

, 𝜋𝐷𝑆∗
𝑟

≥ 𝜋𝑁𝐷∗
𝑟

,𝜋𝐷𝑆∗
𝑑

≥ 𝜋𝐷𝑅∗
𝑑

, 𝜋𝐷𝑆∗
𝑑

≥ 𝜋𝐷𝑀∗
𝑑

, 𝜋𝐷𝑆∗
𝑑

≥ 𝜋𝑁𝐷∗
𝑑

, 𝜋𝐷𝑆∗
𝑏

≥ 𝜋𝐷𝑅∗
𝑏

,𝜋𝐷𝑆∗
𝑏

≥ 𝜋𝐷𝑀∗
𝑏

, and 𝜋𝐷𝑆∗
𝑏

≥ 𝜋𝑁𝐷∗
𝑏

. Through calculating, we
obtain 𝜌 ≥ [𝛼𝐷𝑅 − 𝑐 − 𝑐𝑑 − 𝑐V𝑑 − 2𝑐𝑖𝑏 − (1 + 2𝜃)𝑐𝑏 + (1 −2𝜃)(𝑐𝑟 + 𝑐V𝑟)]2/64[𝛼𝐷𝑆 − 𝑐𝑖𝑏 − 𝜃(𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑 + 𝑐𝑟 + 𝑐V𝑟]2
= 𝜁1; 𝜌 ≥ [𝛼𝐷𝑀−𝜃𝑐−𝜃𝑐𝑑 −𝜃𝑐V𝑑 −𝑐𝑖𝑏 −𝜃𝑐𝑏 +𝑐𝑟 +𝑐V𝑟]2/16[𝛼𝐷𝑆 −𝑐𝑖𝑏−𝜃(𝑐+𝑐𝑏+𝑐𝑑+𝑐V𝑑+𝑐𝑟+𝑐V𝑟]2 = 𝜁2;𝜌 ≥ 𝛼𝐷𝑆(𝛼𝑁𝐷−𝑐−𝑐𝑏−𝑐𝑑−𝑐𝑟−𝑐V𝑑 − 𝑐V𝑟)2/16𝛼𝑁𝐷[𝛼𝐷𝑆 − 𝑐𝑖𝑏 −𝜃(𝑐+ 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑 + 𝑐𝑟 + 𝑐V𝑟]2 = 𝜁3;𝜌 ≤ {2/𝛿 – [𝛼𝐷𝑅 − 𝑐 − 𝑐𝑑 − 𝑐V𝑑 − 2𝑐𝑖𝑏 − (1 + 2𝜃)𝑐𝑏 + (1 −2𝜃)(𝑐𝑟 + 𝑐V𝑟)]2/32[𝛼𝐷𝑆 − 𝑐𝑖𝑏 − 𝜃(𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑 + 𝑐𝑟 + 𝑐V𝑟]2} +1 = 𝜙1; 𝜌 ≤ {2/𝛿 − [𝛼𝐷𝑀 − 𝜃𝑐 − 𝜃𝑐𝑑 − 𝜃𝑐V𝑑 − 𝑐𝑖𝑏 − 𝜃𝑐𝑏 + 𝑐𝑟 +𝑐V𝑟]2/8[𝛼𝐷𝑆 − 𝑐𝑖𝑏 − 𝜃(𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑 + 𝑐𝑟 + 𝑐V𝑟]2} + 1 = 𝜙2;𝜌 ≤ {2/𝛿 − 𝛼𝐷𝑆(𝛼𝑁𝐷 − 𝑐 − 𝑐𝑏 − 𝑐𝑑 − 𝑐𝑟 − 𝑐V𝑑 − 𝑐V𝑟)2/8𝛼𝑁𝐷[𝛼𝐷𝑆 −𝑐𝑖𝑏−𝜃(𝑐+𝑐𝑏+𝑐𝑑+𝑐V𝑑+𝑐𝑟+𝑐V𝑟]2} + 1 = 𝜙3. In addition, through
calculating, 𝜋𝐷𝑆∗

𝑑
≥ 𝜋𝑁𝐷∗
𝑑

, 𝜋𝐷𝑆∗
𝑏

≥ 𝜋𝐷𝑅∗
𝑏

, and 𝜋𝐷𝑆∗
𝑏

≥ 𝜋𝐷𝑀∗
𝑏

are established. Thus, Proposition 11 is proved.

7. Numerical Simulation

To survey the validity of the proposed propositions, a numer-
ical case was implemented. According to the research of
Hernandez [48], we set 𝜃 = 0.65. According to our survey in
a book publisher who has used BDI from Chongqing China,
we choose a best seller as data sources; let 𝛽𝑁𝐷 = 1.5, 𝛽𝐷𝑅 =𝛽𝐷𝑀 = 𝛽𝐷𝑆 = 1.1. 𝛼𝑁𝐷 = 0.7, 𝛼𝐷𝑅 = 𝛼𝐷𝑀 = 𝛼𝐷𝑆 = 0.9,𝑐𝑑 = 0.1, 𝑐V𝑑 = 0.1, 𝑐𝑟 = 0.15, 𝑐V𝑟 = 0.1, 𝑐 = 0.1, 𝑐𝑏 = 0.15,𝛿 = 0.5.

Based on formula (22) and Proposition 6, we get 𝑐𝑖𝑏 ≤0.089. Without loss of generality, we set 𝑐𝑖𝑏 = 0.05; therefore,
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Figure 1: Impacts of 𝑐𝑖𝑏 on supply chain revenues.

(𝜋𝐷𝑅∗
𝑏

, 𝜋𝑁𝐷∗
𝑏

) = (1.2×10−4, 1.03×10−34) and (𝜋𝐷𝑅∗
𝑟

, 𝜋𝑁𝐷∗
𝑟

) =(2.8×10−5, 1.7×10−35). Obviously, 𝜋𝐷𝑅∗
𝑏

> 𝜋𝑁𝐷∗
𝑏

and 𝜋𝐷𝑅∗
𝑟

>𝜋𝑁𝐷∗
𝑟

. In addition, there is (𝜋𝐷𝑅∗
𝑑

, 𝜋𝑁𝐷∗
𝑑

) = (5.6 × 10−5, 3.4 ×10−35); namely, 𝜋𝐷𝑅∗
𝑑

> 𝜋𝑁𝐷∗
𝑑

. These demonstrate that Big
Data implementation of the retailer and the Data Company
not only can help them gain more profits, but also can help
the book publisher obtain more benefits. Proposition 6 was
confirmed.

Based on formula (15) and Proposition 3, we get 𝑐𝑖𝑏 ≤0.36, Without loss of generality, we set 𝑐𝑖𝑏 = 0.05; therefore,(𝜋𝐷𝑀∗
𝑏

, 𝜋𝑁𝐷∗
𝑏

) = (0.0072, 1.03 × 10−34) and (𝜋𝐷𝑀∗
𝑑

, 𝜋𝑁𝐷∗
𝑑

) =(0.0033, 3.4 × 10−35), Obviously, 𝜋𝐷𝑀∗
𝑏

> 𝜋𝑁𝐷∗
𝑏

and 𝜋𝐷𝑀∗
𝑑

>𝜋𝑁𝐷∗
𝑑

. Furthermore, there is (𝜋𝐷𝑀∗
𝑟

, 𝜋𝑁𝐷∗
𝑟

) = (0.0016, 1.7 ×10−35), namely, 𝜋𝐷𝑀∗
𝑟

> 𝜋𝑁𝐷∗
𝑟

. These demonstrate that Big
Data implementation of the book publisher and the Data
Company not only can help them gain more profits, but also
can help the retailer obtain more benefits. Proposition 3 was
confirmed.

According to Proposition 8, to study impacts of the
benefit-sharing contract on the three-stage book supply chain
coordination, benefits in models ND, DR, DM, and DS were
compared, as shown in Figure 1. Based on Figure 1, we can get
that when 𝑐𝑖𝑏 ∈ (0, {𝜓2}) can be met, implementing Big Data
plan can help supply chain members obtain more benefits.
Moreover, in the DS model, the benefit of supply chain is
the highest; namely, benefit-sharing contract can achieve the
three-stage book supply chain coordinate. Proposition 8 was
confirmed.

To describe effects of BDI on pricing rules of supply
chain members well, Figure 2 shows the change policies of
decision variables with the cost improvement coefficient 𝜃.
From Figure 2, we get that, in the models of DM and DS,
with the growth of 𝜃, the retail price of Data Company, the
wholesale price of the book publisher, and the retail price
of the retailer will increase. It demonstrates that when the
optimization amplitude of the costs through using BDI is
lower, decision makers who have used BDI have to set a
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Figure 2: Change trends of decision variables with 𝜃.
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Figure 3: Change trends of benefits with 𝜃 in different models.

higher price to gain more benefits. In the DRmodel, with the
ascent of 𝜃, the wholesale price of book will decrease, and the
retail prices of Data Company and the retailer will increase.
Maybe it is because of the fact that, in the DR model, using
BDI can help the retailer sell more books, and the increase
of 𝜃 will lead to the decrease of the optimization amplitude
of the costs through using BDI; meanwhile, the inputs of BDI
will also add the additional expenditure of theData Company
and the retailer. Thus, they should set a higher price to gain
more benefits. This will lead to the decrease of the market
demand; to encourage the retailer to sell more books, the

book publisher will set a lower wholesale price to gain more
benefits.

To describe effects of BDI on revenues of supply chain
members intuitively, Figures 3 and 4 indicate the change rules
of benefit variables with the cost improvement coefficient 𝜃.
Based on Figure 3, we can understand that, in the models of
DR, DM, and DS, with the ascent of 𝜃, benefits of supply
chain members will reduce. It demonstrates that when the
optimization amplitude of the costs through using BDI is
lower, benefits of decision makers will decrease. Thus, for
decision makers, if they want to gain more benefits through
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Figure 4: Influences of 𝜃 on supply chain total revenues.
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Figure 5: Coordination policy figure of the revenue sharing con-
tract.

using BDI, they should try their best to excavate the value
of BDI. In addition, we find that when 𝜃 can meet a certain
range, for supply chain members, using BDI will gain more
benefits compared with no using BDI.

From Figure 4, we can find that, in models DR, DM, and
DS, with the ascent of 𝜃, the overall benefits of supply chain
will reduce. In addition, in the DR model, revenues of the
total supply chain are lower than in the models DM and DS.
It shows that, for the retailer and the book publisher, the
investment of the book publisher in BDI will help the overall
supply chain gainmore benefits.Meanwhile, in theDSmodel,
the entire benefits of supply chain are the biggest in the four
models. It demonstrates that if supply chainmembers want to
gain more revenues, a contrast should be used to coordinate
the supply chain.

To provide an intuitional understanding about the coor-
dination rules, Figure 5 was proposed. From Figure 5, we can
get that when 𝜁1 ≤ 𝜌 ≤ 𝜙1, revenue sharing contract can

achieve supply chain coordination, and all supply chainmem-
bers can gain awin-win relationship.Thus, Proposition 11 was
confirmed. Furthermore, we find somephenomenon through
inspecting the benefit curves.

Benefits of the retailer and the book publisher in the
models of DR, DM, and DS are higher than in the ND
model. In addition, benefits of the book publisher are higher
than revenues of the retailer in the models of DR, DM,
and DS. Moreover, if supply chain members can invest in
BDI, they will gain more benefits. Maybe it is because that,
for the retailer, by using consumers BDI and its internal
information, the retailers can make a good decision on their
order volume and improve their sale cost and inventory cost,
and it also helps them sell more books. Then benefits of
the retailer and the book publisher will grow. For the book
publisher, through using consumer preference information
and its internal information, books needed by consumers can
be designed and the sale cost and the inventory cost will be
improved, which will help the book publisher and the retailer
gain more benefits.

8. Conclusions, Significance, and
Further Researches

8.1. Conclusions. In the era of Big Data, channels of book
supply chain members obtaining the needed information are
more than in the traditional circumstance. However, what
kind of effects of BDI investment will bring to book supply
chain members’ benefits considering Data Company? How
should supply chain members make an investment decision?
How should the players balance profits and costs? The main
problem is to study the investment decision-making and
coordination rules of the three-stage book supply chain.

To explore the proposed problem, the importance of
Data Company in a book supply chain has been discussed,
and then researches on the investment decision-making and
coordination problems of supply chain in the Big Data era
have also been described. Then, four benefit models are
developed and analyzed. We got some findings.
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(1) In the models of DR, DM, and DS, with the ascent
of the cost improvement coefficient 𝜃, the retail price
of the book will increase. However, the change trends
of the book wholesale price and the retail price of the
Data Company are different in different models.

(2) In the models of DR, DM, and DS, with the ascent
of the cost improvement coefficient 𝜃, benefits of
supply chain members will reduce. Moreover, when
the optimization amplitude of the costs through
using BDI is lower, benefits of decision makers will
decrease.

In other words, for decision makers, if they want to gain
more benefits through using BDI, they should try their best
to excavate the value of BDI.

(3) In models of DR and DM, when the added cost of
the Data Company because of analyzing Big Data can
meet a certain condition, implementing BigData plan
not only can make the investors gain more benefits,
but also can help other book supply chain members
obtain more profits. In addition, when 𝜃 can meet a
certain range, for book supply chain members, using
BDI will gain more benefits compared with no using
BDI.

Namely, when one of the book supply chain members
chooses to use and invest in BDI, not only their revenues can
be improved, but also other members’ in the supply chain can
increase. “Spillover Effect” is existence. Moreover, the whole
profits of the book supply chain will grow.

(4) If members of the three-stage book supply chain
share the related costs and benefits, meanwhile, the
related coefficients 𝛿 and 𝜌 can meet a certain range,
the revenue sharing contract can achieve the three-
stage book supply chain coordination.Meanwhile, the
whole benefit of the three-stage book supply chain is
the highest after coordination.

8.2. Significance. This research has significance values in
book supply chain management area. Theoretically, the
important position of aDataCompany in a book supply chain
was analyzed under the era of Big Data. Then, combining
with the actual situation, one investment model in the
environment of information asymmetry and three models
in the situation of information symmetry were proposed
considering the Data Company, and then the investment
decision-making conditions were analyzed. Finally, it was
also proved that the revenue sharing contract could make
the three-stage book supply chain coordinate. This research
is a new development of investment decision-making theory
of book supply chain. It offers a theoretical guidance for
Data Company investing in Big Data technology and book
publisher investing in consumer preference information. In
practice, if Data Company wants to get more benefits, it
should extract the value of data fully to improve the con-
version value of data. For the book publisher, it should also
use the consumer preference information fully to produce the
books needed by consumers. In addition, the decisionmakers

can use the revenue sharing contract to coordinate the book
supply chain and then gain more benefits.

8.3. Future Research. This paper only studies a three-stage
book supply chain system with one book publisher, one
Data Company, and one retailer. In fact, a book supply
chain system is very complex, and there are double channel
and multichannel book supply chains. Moreover, in a book
supply chain system, it contains author, book publisher, book
retailer, or third party logistics; however, in this paper, only
the relationships among book publisher, Data Company,
and retailer are discussed. In addition, book supply chain
members are assumed to be risk-neutral.

In the future, the investment decision-making and coor-
dination policies of a book supply chain should be studied
with a multichannel book supply chain or a multistage book
supply chain in the Big Data environment. In addition, next,
a three-stage book supply chain with members having risk
appetite should be discussed. We can also explore the related
questions in different competitive environments.

Appendix

Proof. Based on formula (13), we can get 𝜕𝑝𝐷𝑀∗/𝜕𝜃 = (𝑐 +𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)/8 > 0,𝜕𝑤𝐷𝑀∗/𝜕𝜃 = (𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)/4 >0, and 𝜕𝑝𝐷𝑀∗
𝑏

/𝜕𝜃 = (𝑐𝑏 − 𝑐 − 𝑐𝑑 − 𝑐V𝑑)/2. The positive and
negative of 𝜕𝑝𝐷𝑀∗

𝑏
/𝜕𝜃. According to formula (14), we get that𝜕𝜋𝐷𝑀∗

𝑟
/𝜕𝜃 = (𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)[𝑐𝑖𝑏 − 𝛼𝐷𝑀 + 𝑐𝑟 + 𝑐V𝑟 + 𝜃(𝑐 +𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)]/32𝛼𝐷𝑀, 𝜕𝜋𝐷𝑀∗𝑑 /𝜕𝜃 = (𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)[𝑐𝑖𝑏 −𝛼𝐷𝑀 + 𝑐𝑟 + 𝑐V𝑟 + 𝜃(𝑐 + 𝑐𝑏 + 𝑐𝑑 + 𝑐V𝑑)]/16𝛼𝐷𝑀, and 𝜕𝜋𝐷𝑀∗

𝑏
/𝜕𝜃 =𝛽(𝑐+𝑐𝑏+𝑐𝑑+𝑐V𝑑)[𝑐𝑖𝑏−𝛼𝐷𝑀+𝑐𝑟+𝑐V𝑟+𝜃(𝑐+𝑐𝑏+𝑐𝑑+𝑐V𝑑)]/8𝛼𝐷𝑀.

Because 𝑄𝐷𝑀∗ should be bigger that zero, thus, 𝜕𝜋𝐷𝑀∗
𝑟

/𝜕𝜃 <0, 𝜕𝜋𝐷𝑀∗
𝑑

/𝜕𝜃 < 0, and 𝜕𝜋𝐷𝑀∗
𝑏

/𝜕𝜃 < 0. Therefore, Property 4
was confirmed.
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[32] K. Främling, “RFID tracking in the book supply chain: the
transition frompostponed to speculative tagging,” International
Journal of Logistics Research & Applications, vol. 15, no. 3, pp.
199–214, 2012.

[33] G. Hua, T. C. E. Cheng, and S. Wang, “Electronic books: To, E ,
or not to, E , ?A strategic analysis of distribution channel choices
of publishers,” International Journal of Production Economics,
vol. 129, no. 2, pp. 338–346, 2011.

[34] Y. Li and N. Liu, “Pricing models of e-books when competing
with p-books,”Mathematical Problems in Engineering, vol. 2013,
Article ID 369214, 14 pages, 2013.

[35] Y. Li, Z. Lin, L. Xu, and A. Swain, ““Do the electronic books
reinforce the dynamics of book supply chain market?” - A
theoretical analysis,” European Journal of Operational Research,
vol. 245, no. 2, pp. 591–601, 2015.

[36] Q. Lu, V. Shi, and J. Huang, “Who benefit from agencymodel: A
strategic analysis of pricing models in distribution channels of
physical books and e-books,” European Journal of Operational
Research, vol. 264, no. 3, pp. 1074–1091, 2018.

[37] P. Liu and S. Yi, “Investment decision-making and coordination
of supply chain: a new research in the big data era,” Discrete
Dynamics in Nature and Society, vol. 2016, Article ID 2026715,
10 pages, 2016.

[38] P. Liu and S. P. Yi, “Investment decision-making and coordina-
tion of a three-stage supply chain considering data company in
the big data era,” Annals of Operations Research, pp. 1–17, 2018.

[39] G. Li, H. Mao, and L. Xiao, “Impacts of leader–follower struc-
ture on pricing and production strategies in a decentralized
assembly system,” Asia-Pacific Journal of Operational Research,
vol. 34, no. 01, pp. 733-734, 2017.

[40] T. Zhang, X. Zhu, andQ.Gou, “Demand forecasting and pricing
decision with the entry of store brand under various infor-
mation sharing scenarios,” Asia-Pacific Journal of Operational
Research, vol. 34, no. 2, Article ID 1740018, pp. 1–26, 2017.

[41] H. Shi and J. Li, “Effect of private information leakage on
competition relationship among supply chain enterprises in big

https://en.wikipedia.org/wiki/big_data
https://en.wikipedia.org/wiki/big_data
http://www.forrester.com/The+Big+Deal+About+Big+Data+For+Customer+Engagement/fulltext/-/E-RES72241
http://www.forrester.com/The+Big+Deal+About+Big+Data+For+Customer+Engagement/fulltext/-/E-RES72241
http://www.forrester.com/The+Big+Deal+About+Big+Data+For+Customer+Engagement/fulltext/-/E-RES72241
http://www.publishersweekly.com/pw/by-topic/industry-news/publisher-news/article/62114-big-datashould-publishers-even-care.html
http://www.publishersweekly.com/pw/by-topic/industry-news/publisher-news/article/62114-big-datashould-publishers-even-care.html
http://www.publishersweekly.com/pw/by-topic/industry-news/publisher-news/article/62114-big-datashould-publishers-even-care.html


14 Mathematical Problems in Engineering

data era,” Journal of the China Society for Scientific andTechnical
Information, vol. 1, pp. 53–65, 2015.

[42] Y. Cheng, Y. Kuang, X. Shi, and C. Dong, “Sustainable invest-
ment in a supply chain in the big data era: An information
updating approach,” Sustainability, vol. 10, no. 2, article no 403,
2018.

[43] T. Nguyen, L. Zhou, V. Spiegler, P. Ieromonachou, and Y. Lin,
“Big data analytics in supply chainmanagement: A state-of-the-
art literature review,” Computers & Operations Research, vol. 28,
pp. 254–264, 2018.

[44] L. I. Xuelong and H. G. Gong, “A survey on big data systems,”
Scientia Sinica Informationis, vol. 45, no. 1, 2015.

[45] J. Li, H. Shi, and S. O. Management, Study on competitive
intelligence system in the remanufacturing closed-loop supply
chainmodels with big data, Library & Information Service, 2014.

[46] B. T. Hazen, C. A. Boone, J. D. Ezell, and L. A. Jones-Farmer,
“Data quality for data science, predictive analytics, and big data
in supply chain management: an introduction to the problem
and suggestions for research and applications,” International
Journal of Production Economics, vol. 154, pp. 72–80, 2014.

[47] G. Suciu,M. Anwar, I. Rogojanu, and EAl, “Big data technology
for scientific applications,” inProceedings of the Conference Grid,
Cloud & High Performance Computing in Science (ROLCG’ 18),
pp. 1–4, IEEE, 2018.

[48] M.A.Hernandez, “Nonlinear pricing and competition intensity
in a Hotelling-type model with discrete product and consumer
types,” Economics Letters, vol. 110, no. 3, pp. 174–177, 2011.



Hindawi
www.hindawi.com Volume 2018

Mathematics
Journal of

Hindawi
www.hindawi.com Volume 2018

Mathematical Problems 
in Engineering

Applied Mathematics
Journal of

Hindawi
www.hindawi.com Volume 2018

Probability and Statistics
Hindawi
www.hindawi.com Volume 2018

Journal of

Hindawi
www.hindawi.com Volume 2018

Mathematical Physics
Advances in

Complex Analysis
Journal of

Hindawi
www.hindawi.com Volume 2018

Optimization
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Engineering  
 Mathematics

International Journal of

Hindawi
www.hindawi.com Volume 2018

Operations Research
Advances in

Journal of

Hindawi
www.hindawi.com Volume 2018

Function Spaces
Abstract and 
Applied Analysis
Hindawi
www.hindawi.com Volume 2018

International 
Journal of 
Mathematics and 
Mathematical 
Sciences

Hindawi
www.hindawi.com Volume 2018

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Hindawi
www.hindawi.com Volume 2018Volume 2018

Numerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical AnalysisNumerical Analysis
Advances inAdvances in Discrete Dynamics in 

Nature and Society
Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com

Di�erential Equations
International Journal of

Volume 2018

Hindawi
www.hindawi.com Volume 2018

Decision Sciences
Advances in

Hindawi
www.hindawi.com Volume 2018

Analysis
International Journal of

Hindawi
www.hindawi.com Volume 2018

Stochastic Analysis
International Journal of

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/jmath/
https://www.hindawi.com/journals/mpe/
https://www.hindawi.com/journals/jam/
https://www.hindawi.com/journals/jps/
https://www.hindawi.com/journals/amp/
https://www.hindawi.com/journals/jca/
https://www.hindawi.com/journals/jopti/
https://www.hindawi.com/journals/ijem/
https://www.hindawi.com/journals/aor/
https://www.hindawi.com/journals/jfs/
https://www.hindawi.com/journals/aaa/
https://www.hindawi.com/journals/ijmms/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/ana/
https://www.hindawi.com/journals/ddns/
https://www.hindawi.com/journals/ijde/
https://www.hindawi.com/journals/ads/
https://www.hindawi.com/journals/ijanal/
https://www.hindawi.com/journals/ijsa/
https://www.hindawi.com/
https://www.hindawi.com/

