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In a Big Data environment, in order to study the decision-making problem of Big Data information investment and the effects of
using Big Data information to improve industry cost on supply chain coordination, firstly the importance of Data Company in
supply chain was analyzed, and the original supply chain model was built. Meanwhile, some changes of consumer behavior were
analyzed in a Big Data environment. Based on these, the market demand function and the benefit model of stakeholder were built
and analyzed. Findings: (1)The first finding is whether an enterprise was suitable for gaining Big Data to improve its costs, which
was determined by the cost improvement coefficient; namely, it was related to the ability of excavating and using the value of Big
Data. (2)Whether the supply chain was the decentralized decision-making and the centralized decision-making, the thresholds
of acquisition costs on Big Data information were equal. Moreover, the maximum value that they could undertake was same. (3)
Meanwhile the fact that the quantity discount contract could achieve a win-win outcome for supply chain members was proved.
The discount coefficient was related to consumers’ behavior preference in a Big Data environment.

1. Introduction

With the rapid development of the Internet of Things (IoT)
and the Cloud, global data are increasing rapidly. According
to the prediction of the International Data Corporation
(IDC), global data will reach 35 ZB by 2020 [1]. Meanwhile,
the development of the Cloud and virtual storage will reduce
the storage cost of Big Data [2, 3]. These developments
suggest that there are opportunities for the application and
development of Big Data. Therefore, the era of Big Data has
arrived.

In the Big Data background, data had been called the
indispensable raw materials of information economy [4]
and had penetrated into every industry [5]. Unfortunately,
not all enterprises are able to manage such complicated
operations by themselves. Somany IT executives are choosing
to outsource their data. Under this condition, the position of
Data Company in a supply chain will become increasingly
important, which may lead to changes of the original supply
chain structure. The change of supply chain structure may
lead to changes of the supply chain coordination.

Meanwhile, in the era of Big Data, with the improve-
ment of living standards, consumers’ heterogeneity demand
is increasing [6]. Moreover, under this new environment,
consumers can easily get the information they needed, for
example, the commodity prices from different sites and
products evaluation from the third party. All of this will affect
consumers’ purchase behavior, which will lead to the change
of the market demand. Finally, it will influence the benefits of
a supply chain.

In a Big Data environment, many studies had described
advantages of Big Data investment. However, most of them
focused on qualitative researches, such as concepts and char-
acteristics. Researchers rarely used a mathematical model to
analyze the effects of a supply chain investment to obtain
Big Data information (BDI) on its decision-making and
coordination.

Therefore, in this paper, firstly we described that a Data
Company as a “power center” held an important position
in the supply chain. Then, based on this condition (i.e.,
there is a “power center” in the supply chain), a new supply
chain model was built. Meanwhile, consumers’ behavior
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preferences were discussed under the new era. Finally, under
the above condition, the benefit model was constructed and
analyzed.

This paper aims to analyze the investment and coordina-
tion rules of a supply chain under the condition of obtaining
BDI. The results will provide the theoretical guidance for
enterprises to invest in BDI and help enterprises gain more
benefits and achieve victory in a competition.

2. Related Researches

2.1. Importance of Data Company in Supply Chain in a Big
Data Environment. In a Big Data environment, supply chain
will enter the data-driven era. Some practices had proved
that using Big Data could help corporation operate and
manage better [4]. In addition,many enterprises had used Big
Data, such as Kroger, Overstock.com, and No. 1 Store [7, 8].
Therefore, the ideology of the data-driven supply chain was
proposed [9–11]. The data-driven supply chain cannot lack
“data;” therefore, a Data Company that acts as a “power” will
play a particularly important role in the data-driven supply
chain compared with the traditional supply chain.

Firstly, Data Companies are in demand because of the
“4V” features of Big Data (i.e., volume, variety, velocity, and
value) [12, 13]. These characteristics brought new challenges
for obtaining information. Large amounts of data are difficult
for IT department to use well. According to the IDC, by
2020, the amount of global digital information would be 44
times greater than that of today [14]. Most of these data
were unstructured [15]. In addition, facing the rapid updating
and unstructured data, the IT department of a traditional
enterprise did not have the ability to handle these data [16].
Finally, to mine the potential value of Big Data, professional
IT companies needed to screening using professional Big
Data technology [17].

Secondly, data quality and privacy protection need a
professional Data Company.The quality of data of the supply
chain would affect the supply chain members’ usage of
Big Data [18]. However, each link (e.g., data generation,
acquisition, and transmission) is likely to affect data quality.
The authenticity of the data source is an important factor that
influences data quality. People protecting their privacy led
to the inauthenticity of the data source [16]. Companies that
protected users’ privacy information were considered to be
trustworthy; therefore, the user was more willing to provide
personal information [19]. The professional Data Company
has advantages in obtaining Big Data compared with the IT
departments of the traditional enterprises.

Finally, mass customization supply chain needs Data
Company support. With the improvement of living stan-
dards, the consumers’ heterogeneity demand is increasing,
and an individualized demandmarket is forming.This would
lead to the traditional supply chain gradually becoming a
mass customization supply chain [17]. Compared with the
traditional supply chain, which focused product flow and
cash flow, amass customized supply chain was a demand-pull
supply chain and focusedmore attention on information flow
[20]. The characteristics of Big Data can meet the demand

of mass customization on consumers’ accurate and timely
information, and the development of BigData technology can
offer effective means to extract the heterogeneity preference
of consumers. This will shift the supply chain from the
product “push” mode to the consumer demand data “pull”
mode. At this point, the data “power center” is particularly
important.

2.2. Consumers’ Behavior Preference in a Big Data Envi-
ronment. In a Big Data environment, consumers’ behavior
preference also produces some changes. In this paper, we
only focus on two main aspects: one is the production
heterogeneity demand, and the other is the preference to
research the related production information.

With the improvement of living standards, the con-
sumers’ heterogeneity demand on production is increasing
and the individualized demand market is forming. There-
fore, stakeholders start to collect and analyze consumers’
preference to obtain competitive advantages. For retailers,
they analyzed the interdependency of the online purchasing
behavior [21, 22] to target them with advertisements and
thereby promote the overall demand. Formanufacturers, they
could understand, design, and meet customer needs by using
Big Data [23].

However, in the Big Data era, consumers are in a world
full of information. Therefore, they begin to search informa-
tion to help them make decision. For example, Fang and Li
[24] studied the effects of “Big Data” on consumer behavior.
Their results indicated that information and its credibility
would affect consumers’ decision-making. In addition, there
were two key types of information channels: one is from
the commodity information, and the other is from the
third-party evaluation [25]. The credibility of the third-party
evaluation will influence consumers’ perceived value and
their decision [26]. Meanwhile, the consumers’ trust on the
third-party evaluation made differences, because they had a
different credibility judgment [27].

Therefore, in the Big Data era, the personalization degree
of products and the evaluation from the third party will
influence consumers’ decision and thereby affect the market
demand. However, few studies focused on this; in this paper,
we will do this job.

2.3. Effects of Big Data on Supply Chain Decision-Making and
Coordination. Currently, studies focusing on the decision-
making and coordination problems of a supply chain invest-
ment are relatively small in a Big Data environment. Existing
researches are divided into qualitative researches and quanti-
tative researches.

Qualitative researches, such as Weill and Woerner [28]
and Loebbecke and Picot [22], mentioned that using Big Data
could optimize production processes, promote efficiency, and
reduce production cost.Wang andAlexander [11] introduced
Big Data advantages and its applications in the supply chain
and business management, such as improving the visibility
of the supply chain, providing an integrated perspective on
operating performance and customer behavior, and giving
enterprises a real-time view to help them make decision.
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Groves et al. [29] explored the effects of the “Big Data”
analysis on supply chain management and proposed a new
method to develop a complicated decision-making strategy
and an extensive set of key performance indicators. Opresnik
and Taisch [30] put forward a new element for competitive
advantage for manufacturer in servitization, and it was called
“a Big Data strategy.” Results indicated that new benefit
streams could be created.

Related quantitative researches, for example, Hofmann
[31], studied the impacts of volume, variety, and velocity
properties on the supply chain bullwhip effect, and results
indicated that the Big Data’s “velocity” character had the
biggest influences on the bullwhip effect. Tan et al. [32]
proposed a data analytics method to help companies obtain
the potential of innovation and get competitive advantages.

Overall, few studies analyze the changes of the sup-
ply chain structure in a Big Data environment and use a
mathematical model to analyze the decision-making and
coordination problems of the supply chain investment on
obtaining BDI. The purpose of this paper is to compensate
for the lack.

2.4. Supply Chain Collaboration. In 2004, Boyaci andGallego
[33] used a game-theoretic method for modeling a supply
chain competition, and their resulting model indicated that
supply chain coordination was an equilibrium strategy but
not one firm that added supply chain revenues. Therefore,
the issue of supply chain coordination is becoming more and
more important. A vital study to solve this issue is to design
coordination contracts.

In general, coordination contracts have many versions,
for example, buy back contract [34], quantity discount con-
tract [35–37], and revenue sharing contract [38]. Among
them, quantity discount contract and revenue sharing con-
tract were widely used and discussed. For example, based on
the stock-dependent phenomenon, Parthasarathi et al. [39]
studied the role of the quantity discount and the return policy
in the coordination of a supply chain; based on the stock-
price dependent demand, Panda [40] discussed influences of
revenue and cost sharing contracts; Yang et al. [41] researched
the influence of the credit period and quantity discount to
coordinate a two-echelon supply chain.

Based on the easy-to-use feature of the quantity discount
contract, in this paper, we will discuss whether the quantity
discount contract can make the supply chain coordination in
a Big Data environment.

3. Development of Supply Chain Model in
a Big Data Environment

In a BigData environment, a data services company should be
included in the supply chain.Here, we call this an information
services company (ISC). To provide effective personalized
service and ensure the dynamic combination and flexibility
of the production line, the central enterprise (CE) must
allocate a number of tasks to scattered manufacturers (SM)
[17, 32]. CE is responsible for dispatchingmaterials, obtaining
information, and completing the final product to deploying

SM. Therefore, under the Big Data era, the development of
the traditional supply chain with one manufacturer and one
retailer is shown in Figure 1. In Figure 1, goods services
stand for sale and transportation production and so on.
Information services express that ISC canprovide the services
of data rental, sales, analysis, and so on. Obtaining data
expresses that an organization can obtain data of others
during the data transaction process. By processing these data
they can get the related information.

4. Model Description

In a Big Data environment, considering consumers’ hetero-
geneity on production and the trust degree on the related
production information, an analysis will be implemented to
help stakeholders explore the potential benefit space. There-
fore, in this paper, a monopoly environment is structured
to characterize the investment decision-making rule and the
coordination contract of stakeholders.

4.1. Variables and Parameters

𝛼, 𝛿 are discount factor of the value. 𝛼 is affected
by consumers’ heterogeneity on production, and 𝛿
is impacted by consumers’ trust on the production
information from the third party.

𝑐
𝑠
stands for the marginal cost to make a product.

𝑐V is the inventory cost of CE.

𝑐
𝑟
, 𝑐
𝑑
are the sales cost of retailer (𝑐

𝑟
) and CE (𝑐

𝑑
).

𝑐
𝑖
, 𝑐
𝑜
are the acquisition costs of consumer BDI (𝑐

𝑖
) and

the internal BDI of CE (𝑐
𝑜
).

𝑝𝑦 is the retail price under 𝑦 model: 𝑦 = {NBD,BD,
NDC,DC,Z}. NBD model is defined as the benefit
model of the decentralized supply chain under the
condition of no acquiring BDI. BD model is the
benefitmodel of the decentralized supply chain under
the condition of acquiring BDI. NDC stands for the
benefit model of the centralized supply chain under
the condition of no acquiring BDI. DC expresses the
benefit model of the centralized supply chain under
the condition of acquiring BDI.𝑍 presents the benefit
model after coordination.

𝑄
𝑦 is the sales volume under 𝑦 model; in this paper,

we assume that it is equal to the size of the potential
market.

𝜋
𝑦

𝑓
is the revenues under 𝑦 model. 𝑓 = {𝑑, 𝑟}, 𝑑

represents CE, and 𝑟 stands for OR.

𝑤𝑦 is the wholesale price under 𝑦model.

𝜗 is the industry cost improvement coefficient,
through analyzing the internal BDI of an enterprise,
and then it is used in the enterprise to reduce the
enterprise’s cost. For example, 𝑐

𝑠
can be improved to

𝜗𝑐
𝑠
. And 𝜗 ∈ [0, 1].
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Figure 1: Model of the supply chain in a Big Data environment.

4.2. Demand Function and Model Assumptions

4.2.1. Demand Function. In what follows, relationships
between the self-selection quantities and the retail price are
presented. Suppose that there is one retailer and one CE in
the supply chain, and the retailer sells the production online.
The utility that a consumer of type V enjoys as purchase of the
commodity is𝑈 = 𝛿𝛼V−𝑝𝑦; here, V ∈ [0, 1]. And the demand
function can be described as follows.

(1) If V > 𝑝𝑦/𝛿𝛼, the demand function is

𝑄
𝑦

= 1 −
𝑝𝑦

𝛿𝛼
. (1)

(2) If V ≤ 𝑝𝑦/𝛿𝛼, the demand function is

𝑄
𝑦

= 0. (2)

The second situation is pointless; therefore, we only
discuss the first case.

4.3. Model Assumptions

(i) The supply chain is composed of a plurality of SM, one
CE, one ISC, one retailer, and end consumers.

(ii) Using Big Data information optimizes the production
process; therefore, we assume that the optimization
coefficient of the production cost is 𝜗 consistently and
that it is not affected by the handler. Therefore, the
product cost can be optimized and become 𝜗𝑐

𝑠
. The

sales cost of CE is 𝜗𝑐
𝑑
, and the sales cost of the retailer

is 𝜗𝑐
𝑟
, and the inventory cost of CE can be improved

to 𝜗𝑐V.

(iii) There are twomethods to obtain BDI: one is from ISC,
and the other is from information source. Because the
two methods have advantages and disadvantages, we
assume that the sumof the cost of obtaining consumer
information is 𝑐

𝑜
, regardless of which methods are

adopted. Assume that the cost of CE spending on
obtaining themselves internal information is 𝑐

𝑖
.

(iv) BDI of the supply chain does not result in leakage
risk. Members in the supply chain own the same
information and are risk neutral.

5. Investment Decision-Making of
Gaining BDI

5.1. The Decentralized Supply Chain. In order to form a con-
trast, we established the benefit model under the condition of
no acquiring BDI and called it NBD model. Then we built
the revenue model under the condition of acquiring BDI
and called it BD model. Finally, we compared their optimal
benefits.

5.1.1. NBD Model. In the NBD model, the benefit functions
of CE and the retailer were

𝜋
NBD
𝑑
= (𝑤

NBD
− 𝑐
𝑠
− 𝑐
𝑑
− 𝑐V)𝑄

NBD
,

𝜋
NBD
𝑟
= (𝑝

NBD
− 𝑤

NBD
− 𝑐
𝑟
)𝑄

NBD
.

(3)

Here, the function of the market demand was

𝑄
NBD
= 1 −
𝑝NBD

𝛿𝛼
. (4)
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Based on the backward-induction method, we got

(𝑝
NBD∗
, 𝑤

NBD∗
, 𝑄

NBD∗
) = (
(𝑐
𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V + 3𝛼𝛿)

4
,

(𝑐
𝑑
− 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V + 𝛼𝛿)

2
,
(𝛼𝛿 − 𝑐

𝑑
− 𝑐
𝑟
− 𝑐
𝑠
− 𝑐V)

4𝛼𝛿
) .

(5)

Based on (5), the benefit functions of CE and the retailer
would be

𝜋
NBD∗
𝑑
=
(𝛼𝛿 − 𝑐

𝑑
− 𝑐
𝑟
− 𝑐
𝑠
− 𝑐V)
2

8𝛼𝛿
, (6)

𝜋
NBD∗
𝑟
=
(𝛼𝛿 − 𝑐

𝑑
− 𝑐
𝑟
− 𝑐
𝑠
− 𝑐V)
2

16𝛼𝛿
. (7)

Theorem 1. In the NBD model, (𝑝𝑁𝐵𝐷∗, 𝑤𝑁𝐵𝐷∗, 𝑄𝑁𝐵𝐷∗) is
the game equilibrium solution of the supply chain members.
(𝜋𝑁𝐵𝐷∗
𝑑
, 𝜋𝑁𝐵𝐷∗
𝑟
) is the optimal benefits of CE and the retailer,

respectively.
For the decentralized supply chain, only when the supply

chain members obtain a positive benefit can the supply chain
remain stable. In order to avoid supply chain interruption,
𝑄
𝑁𝐵𝐷∗ > 0must be met. Therefore, we got

𝛼𝛿 > 𝑐
𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V. (8)

5.1.2. BD Model. In the BD model, the benefit functions of
CE and the retailer were

𝜋
BD
𝑑
= (𝑤

BD
− 𝜗𝑐
𝑠
− 𝜗𝑐
𝑑
− 𝜗𝑐V − 𝑐𝑜 − 𝑐𝑖)𝑄

BD
,

𝜋
BD
𝑟
= (𝑝

BD
− 𝑤

BD
− 𝑐
𝑖
− 𝜗𝑐
𝑟
)𝑄

BD
.

(9)

Here, the function of the market demand was

𝑄
BD
= 1 −
𝑝BD

𝛿𝛼
. (10)

Through resolving, we got

(𝑝
BD∗
, 𝑤

BD∗
, 𝑄

BD∗
)

= (
(2𝑐
𝑖
+ 𝑐
𝑜
+ 𝜗𝑐
𝑑
+ 𝜗𝑐
𝑟
+ 𝜗𝑐
𝑠
+ 𝜗𝑐V + 3𝛼𝛿)

4
,

(𝑐
𝑜
+ 𝜗𝑐
𝑑
− 𝜗𝑐
𝑟
+ 𝜗𝑐
𝑠
+ 𝜗𝑐V + 𝛼𝛿)

2
,

(𝛼𝛿 − 2𝑐
𝑖
− 𝑐
𝑜
− 𝜗𝑐
𝑑
− 𝜗𝑐
𝑟
− 𝜗𝑐
𝑠
− 𝜗𝑐V)

4𝛼𝛿
) .

(11)

Based on (11), the benefit functions of CE and the retailer
would be

𝜋
BD∗
𝑑
=
(𝛼𝛿 − 2𝑐

𝑖
− 𝑐
𝑜
− 𝜗𝑐
𝑑
− 𝜗𝑐
𝑟
− 𝜗𝑐
𝑠
− 𝜗𝑐V)

2

8𝛼𝛿
, (12)

𝜋
BD∗
𝑟
=
(𝛼𝛿 − 2𝑐

𝑖
− 𝑐
𝑜
− 𝜗𝑐
𝑑
− 𝜗𝑐
𝑟
− 𝜗𝑐
𝑠
− 𝜗𝑐V)

2

16𝛼𝛿
. (13)

Theorem 2. Under BD model, (𝑝𝐵𝐷∗, 𝑤𝐵𝐷∗, 𝑄𝐵𝐷∗) is the
game equilibrium solution of the supply chain members.
(𝜋𝐵𝐷∗
𝑑
, 𝜋𝐵𝐷∗
𝑟

) is the optimal benefits of CE and the retailer,
respectively.

For the decentralized supply chain, only when the supply
chain members obtain a positive benefit can the supply chain
remain stable. In order to avoid the supply chain interruption,
𝑄
𝐵𝐷∗ > 0must be met. Therefore, we got

2𝑐
𝑖
+ 𝑐
𝑜
< 𝛼𝛿 − 𝜗 (𝑐

𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V) . (14)

Conclusion 1. When (14) can be met, supply chain members
will use BDI to optimize enterprise costs; otherwise, they will
not spend money on getting BDI.

5.1.3. Investment Decision of BDI under the Decentralized
Decision-Making. In the Big Data era, most organizations
want to use BDI to help them gain more competitive advan-
tages, so it is an urgent problem for enterprises to analyze the
investment condition of BDI.

In this section, based on the above models, the compar-
ison analysis about the optimal revenues would be given.
Assume that Δ𝜋

𝑥
(𝑥 = 1, 2) expressed the profit differences.

Δ𝜋
1
= 𝜋BD∗
𝑑
− 𝜋NBD∗
𝑑
> 0, and based on (6) and (12), we

got 2𝑐
𝑖
+ 𝑐
𝑜
< (1 − 𝜗)(𝑐

𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V). It expressed that

when 2𝑐
𝑖
+ 𝑐
𝑜
< (1 − 𝜗)(𝑐

𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V) could be met,

CE would get more benefits by using BDI to make decision.
Δ𝜋
2
= 𝜋BD∗
𝑟
− 𝜋NBD∗
𝑟
> 0, and based on (8) and (14), we got

that 2𝑐
𝑖
+ 𝑐
𝑜
< (1 − 𝜗)(𝑐

𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V). It presented that when

2𝑐
𝑖
+ 𝑐
𝑜
< (1 − 𝜗)(𝑐

𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V), the retailer would get

more benefits by using BDI to make decision. Therefore, we
got Conclusion 2.

Conclusion 2. When 2𝑐
𝑖
+ 𝑐
𝑜
< (1 − 𝜗)(𝑐

𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V),

it is suitable for the CE and the retailer to invest in BDI.
Meanwhile, the cost thresholds that the CE and retailer can
spend on obtaining BDI are same.

5.2. The Centralized Supply Chain. In the centralized
decision-making, firstly, we established the benefit models
under the condition of no acquiring BDI and called it
NDC model. Then, we built the revenue models under the
condition of acquiring BDI and called it DC model. Finally,
we compared the optimal benefits of the two models.

5.2.1. NDC Model. In the NDC model, the benefit function
of the centralized supply chain was

𝜋
NDC
𝑗
= (𝑝

NDC
− 𝑐
𝑟
− 𝑐
𝑠
− 𝑐
𝑑
− 𝑐V)𝑄

NDC
. (15)

Here, the function of the market demand was

𝑄
NDC
= 1 −
𝑝NDC

𝛿𝛼
. (16)
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Based on (15) and (16), we got

(𝑝
NDC∗
, 𝑄

NDC∗
) = (
(𝑐
𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V + 𝛿𝛼)

2
,

(𝛿𝛼 − 𝑐
𝑑
− 𝑐
𝑟
− 𝑐
𝑠
− 𝑐V)

2𝛿𝛼
) .

(17)

Based on (17), we got

𝜋
NDC∗
𝑗
=
(𝛿𝛼 − 𝑐

𝑑
− 𝑐
𝑟
− 𝑐
𝑠
− 𝑐V)
2

4𝛿𝛼
. (18)

Theorem 3. (𝑝𝑁𝐷𝐶∗, 𝑄𝑁𝐷𝐶∗) is the game equilibrium solution
of the supply chain members in the NDC model. 𝜋𝑁𝐷𝐶∗

𝑗
is the

optimal benefit of the centralized supply chain.
For the centralized supply chain, onlywhen the supply chain

members obtain a positive benefit can the supply chain remain
stable. In order to avoid the supply chain interruption,𝑄𝑁𝐷𝐶 >
0must be met. Therefore, we got

𝛿𝛼 > 𝑐
𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V. (19)

5.2.2. DCModel. In theDCmodel, the benefit function of the
centralized supply chain was

𝜋
DC
𝑗
= (𝑝

DC
− 2𝑐
𝑖
− 𝑐
𝑜
− 𝜗𝑐
𝑠
− 𝜗𝑐
𝑟
− 𝜗𝑐
𝑑
− 𝜗𝑐V)𝑄

DC
. (20)

Here, the function of the market demand was

𝑄
DC
= 1 −
𝑝DC

𝛿𝛼
. (21)

Based on formulas (20) and (21), we got

(𝑝
DC∗
, 𝑄

DC∗
)

= (
(2𝑐
𝑖
+ 𝑐
𝑜
+ 𝛿𝛼 + 𝜗𝑐

𝑠
+ 𝜗𝑐
𝑟
+ 𝜗𝑐
𝑑
+ 𝜗𝑐V)

2
,

(𝛿𝛼 − 2𝑐
𝑖
− 𝑐
𝑜
− 𝜗𝑐
𝑠
− 𝜗𝑐
𝑟
− 𝜗𝑐
𝑑
− 𝜗𝑐V)

2𝛿𝛼
) .

(22)

Based on (22), we got

𝜋
DC∗
𝑗
=
(𝛿𝛼 − 2𝑐

𝑖
− 𝑐
𝑜
− 𝜗𝑐
𝑠
− 𝜗𝑐
𝑟
− 𝜗𝑐
𝑑
− 𝜗𝑐V)

2

4𝛿𝛼
. (23)

Theorem 4. (𝑝𝐷𝐶∗, 𝑄𝐷𝐶∗) is the game equilibrium solution of
the supply chainmembers in theDCmodel.𝜋𝐷𝐶∗

𝑗
is the optimal

benefit of the centralized supply chain.
For the centralized supply chain, onlywhen the supply chain

members obtain a positive benefit can the supply chain remain
stable. In order to avoid the supply chain interruption,𝑄𝐷𝐶 > 0
must be met. Therefore, we got

2𝑐
𝑖
+ 𝑐
𝑜
< 𝛼𝛿 − 𝜗 (𝑐

𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V) . (24)

Conclusion 3. When (24) can be met, supply chain members
will use BDI to optimize their costs; otherwise, they will not
spend money on obtaining BDI.

5.2.3. Investment Decision of BDI in the Centralized Decision-
Making. In this section, the comparison analysis of the
optimal revenues in theNDCandDCmodels would be given.
Assume that Δ𝜋

𝑗
expressed the profit differences between

𝜋DC∗
𝑗

and 𝜋NDC∗
𝑗

. Also Δ𝜋
𝑗
= 𝜋DC∗
𝑗
−𝜋NDC∗
𝑗
= 𝑀𝑁/2𝛼𝛿 > 0,

here,𝑀 = 2𝑐
𝑖
+ 𝑐
𝑜
− (1 − 𝜗)(𝑐

𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V), 𝑁 = 2𝑐𝑖 + 𝑐𝑜 +

(1 + 𝜗)(𝑐
𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
− 𝑐V) − 2𝛼𝛿. Through analyzing, we got

2𝑐
𝑖
+𝑐
𝑜
< (1−𝜗)(𝑐

𝑑
+𝑐
𝑟
+𝑐
𝑠
+𝑐V). Combining with Conclusion

3 we got Conclusion 4.

Conclusion 4. When 2𝑐
𝑖
+ 𝑐
𝑜
< (1 − 𝜗)(𝑐

𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V), it

is suitable for the centralized supply chain to invest in BDI.
Meanwhile, the cost thresholds that the centralized supply
chain members can spend on obtaining BDI are same as the
decentralized supply chain.

Based on Conclusion 4, we could find Conclusion 5.

Conclusion 5. The acquisition costs of BDI (i.e., 2𝑐
𝑖
+ 𝑐
𝑜
) have

a positive relationship with the costs (i.e., 𝑐
𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V)

needed to be improved and a negative relationship with the
cost improvement coefficient (i.e., 𝜗).

5.3. Coordination Analysis of the Decentralized Supply Chain.
Comparing formulas (11) and (22), in the BD andDCmodels,
the centralized supply chain had a higher sales volume than
the decentralized supply chain. It was true that the optimal
benefit of the centralized supply chain was big comparedwith
the decentralized supply chain. Meanwhile, the centralized
supply chain had a cheaper retail price than the decentralized
supply chain; therefore, the decentralized supply chain had a
“double marginalized effect.” The sales volume of the supply
chain was not optimal, so the profits of the decentralized
supply chain had space to be improved. Contracts could be
used to make it coordinate.

The quantity discount contract was used to coordinate
the supply chain. CE offered the quantity discount contract
𝑤
𝑍, which might maximize the profit of the supply chain.𝑤𝑍

was the wholesale price after discounting, and it was equal to
𝑤
0
−𝜌𝑄𝑧, and𝑤

0
was the highest wholesale price. 𝜌 stood for

the discount coefficient; it was related to the retailer’s order
quantity𝑄𝑧 (here, assume that the order quantity of products
and the sales volume are equal). Therefore, the profits of CE
and retailer were

𝜋
𝑍

𝑑
= (𝑤
0
− 𝜌𝑄
𝑧

− 𝜗𝑐
𝑠
− 𝑐
𝑜
− 𝑐
𝑖
− 𝜗𝑐
𝑑
− 𝜗𝑐V) 𝑄

𝑧

,

𝜋
𝑍

𝑟
= (𝑝
𝑍

− 𝑤
0
+ 𝜌𝑄
𝑧

− 𝑐
𝑖
− 𝜗𝑐
𝑟
)𝑄
𝑧

.
(25)

Here, the function of market demand was

𝑄
𝑧

= 1 −
𝑝𝑍

𝛿𝛼
. (26)

Through calculating, we got

𝑄
𝑧∗

=
(𝑐
𝑖
+ 𝑤
0
− 𝛿𝛼 + 𝜗𝑐

𝑟
)

2 (𝜌 − 𝛿𝛼)
. (27)

According to the coordination thought of supply chain,
we got Conclusion 6.
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Conclusion 6. If the decentralized supply chain spends
money on obtaining BDI, moreover, 𝑤

0
= (𝛿𝛼 − 𝑐

𝑖
− 𝜗𝑐
𝑟
) −

(𝜌 − 𝛼𝛿)(2𝑐
𝑖
+ 𝑐
𝑜
− 𝛼𝛿 + 𝜗𝑐

𝑑
+ 𝜗𝑐
𝑟
+ 𝜗𝑐
𝑠
+ 𝜗𝑐V)/𝛼𝛿 and 𝛼𝛿/2 ≤

𝜌 ≤ 3𝛼𝛿/4, the supply chain can be coordinated perfectly.

Proof. Under the condition of usingBDI, In order tomake the
decentralized supply chain achieve the same benefits with the
centralized supply chain, 𝑄𝑧∗ = (𝛼𝛿 − 2𝑐

𝑖
− 𝑐
𝑜
− 𝑐
𝑑
− 𝑐
𝑟
− 𝑐
𝑠
−

𝑐V)/4𝛼𝛿 should be met. We got 𝑤
0
= (𝛿𝛼 − 𝑐

𝑖
− 𝜗𝑐
𝑟
) − (𝜌 −

𝛼𝛿)(2𝑐
𝑖
+ 𝑐
𝑜
− 𝛼𝛿 + 𝜗𝑐

𝑑
+ 𝜗𝑐
𝑟
+ 𝜗𝑐
𝑠
+ 𝜗𝑐V)/𝛼𝛿. Consider

𝜋
𝑍∗

𝑑
=
𝜌 (2𝑐
𝑖
+ 𝑐
𝑜
− 𝛼𝛿 + 𝜗𝑐

𝑑
+ 𝜗𝑐
𝑟
+ 𝜗𝑐
𝑠
+ 𝜗𝑐V)

2

(4𝛼2𝛿2)
,

𝜋
𝑍∗

𝑟

=
(𝛼𝛿 − 𝜌) (2𝑐

𝑖
+ 𝑐
𝑜
− 𝛼𝛿 + 𝜗𝑐

𝑑
+ 𝜗𝑐
𝑟
+ 𝜗𝑐
𝑠
+ 𝜗𝑐V)

2

(4𝛼2𝛿2)
.

(28)

In order to meet the conditions of the supply chain
coordination, 𝜋𝑍∗

𝑑
≥ 𝜋BD∗
𝑑

and 𝜋𝑍∗
𝑟
≥ 𝜋BD∗
𝑟

should be met.
Therefore, Conclusion 6 was confirmed.

6. Numerical Examples

In order to test the validity of the above conclusions and
investigate the effects of cost parameters change on supply
chain investment and coordination, a numerical simulation
analysis method was used. From [42], let 𝜗 = 0.65.Through a
week research in a car company of Chongqing, China, we set
𝑐
𝑑
= 0.03, 𝑐

𝑟
= 0.05, 𝑐

𝑠
= 0.95, and 𝑐V = 0.02. Based on (8), we

got 𝛿𝛼 > 0.15, and without loss of generality, we set 𝛼 = 0.9
and 𝛿 = 0.8.

Based on Theorems 1 and 3, we got (𝜋NBD∗
𝑑
, 𝜋NBD∗
𝑟
,

𝜋NDC∗
𝑗
) = (0.056, 0.028, 0.113). Based on Conclusion 4, we

got 2𝑐
𝑖
+ 𝑐
𝑜
< 0.053. Without loss of generality, we set

2𝑐
𝑖
+ 𝑐
𝑜
= 0.02, (𝜋BD∗

𝑑
, 𝜋BD∗
𝑟
, 𝜋DC∗
𝑗
) = (0.062, 0.032, 0.126).

According to analyze, we found Δ𝜋BD
𝑑
= 𝜋BD∗
𝑑
− 𝜋NBD∗
𝑑
> 0,

Δ𝜋BD
𝑟
= 𝜋

BD∗
𝑟
− 𝜋NBD∗
𝑟
> 0, 𝜋DC∗

𝑗
> 𝜋NDC∗
𝑗

, and the related
conclusions were verified. Effects of the BDI acquisition costs
(i.e., 2𝑐

𝑖
+ 𝑐
𝑜
) on the incremental benefits of the decentralized

supply chain were shown in Figure 2. The 𝑥-axis represents
the acquisition cost of BDI (2𝑐

𝑖
+ 𝑐
𝑜
), and the 𝑦-axis indicates

the incremental benefits of the decentralized supply chain
(Δ𝜋).

From Figure 2 we could get that when the acquisition
costs of BDI were within a certain range, the supply chain
using BDI had a higher revenue than the supply chainwithout
adopting BDI. The acquisition costs threshold was related to
the cost improvement coefficient (𝜗) and the costs needed
to improve (𝑐

𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V), and the relationships were

shown in Figure 3. Based on Figure 3(a), we could get that the
acquisition costs threshold (2𝑐

𝑖
+ 𝑐
𝑜
) was getting smaller and

smaller with the increase of the cost improvement coefficient
(𝜗). It indicated that the more the costs (𝑐

𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V)

reduced, the bigger the acquisition costs threshold (2𝑐
𝑖
+ 𝑐
𝑜
)

would be. From Figure 3(b), we found that the acquisition
costs threshold (2𝑐

𝑖
+ 𝑐
𝑜
) would increase with the rise of the
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Figure 2: Effects of the BDI acquisition costs on benefits of the
decentralized supply chain members.

costs (𝑐
𝑑
+𝑐
𝑟
+𝑐
𝑠
+𝑐V). It demonstrated that the bigger the costs

(𝑐
𝑑
+ 𝑐
𝑟
+ 𝑐
𝑠
+ 𝑐V), the bigger the acquisition costs threshold

(2𝑐
𝑖
+ 𝑐
𝑜
). Conclusion 5 was proved.

Due to 𝜋BD∗
𝑑
+ 𝜋BD∗
𝑟
= 0.094 and 𝜋DC∗

𝑗
= 0.126, thus,

𝜋BD∗
𝑑
+ 𝜋BD∗
𝑟
< 𝜋DC∗
𝑗

. Meanwhile, (𝑝BD∗, 𝑝DC∗) = (0.659,

0.417), and we could find 𝑝DC∗ < 𝑝BD∗. In addition, (𝑄BD∗,
𝑄DC∗) = (0.209, 0.418); therefore, 𝑄DC∗ > 𝑄BD∗. It indicated
that the centralized supply chain had a higher sales volume
and profit than the decentralized supply chain.

Therefore, after using BDI, the decentralized supply chain
appeared as a “double marginalized effect.” In order to
eliminate the effect, the wholesale price 𝑤

0
= 0.094 + 0.836𝜌

was given. In order to achieve the coordination conditions
of the supply chain, we set the incremental benefits of CE
and the retailer benefit as Δ𝜋𝑍

𝑑
and Δ𝜋𝑍

𝑟
, respectively. Here,

Δ𝜋𝑍
𝑑
= 𝜋𝑍∗
𝑑
− 𝜋BD∗
𝑑

and Δ𝜋𝑍
𝑟
= 𝜋𝑍∗
𝑟
− 𝜋BD∗
𝑟

. Through
analyzing, we got the relationship between Δ𝜋𝑍

𝑦
and the

coordinating parameters (i.e., 𝜌), as shown in Figure 4.
The 𝑥-axis represents the discount coefficient, and the 𝑦-
axis expresses the incremental benefits of the supply chain
members after coordination.

Based on Figure 4, we could get that Δ𝜋𝑍
𝑑
would increase

with the increase of 𝜌, and Δ𝜋𝑍
𝑟

would reduce with the
increase of 𝜌. In this figure,𝑅 represented the range of param-
eter 𝜌, and the range couldmake the supply chain coordinate.
Without loss of generality, we set 𝜌 = 0.4, there were
(𝜋𝑍∗
𝑑
, 𝜋𝑍∗
𝑟
) = (0.07, 0.056), and we could find 𝜋𝑍∗

𝑑
+ 𝜋𝑍∗
𝑟
=

𝜋DC∗
𝑗

. In addition, 𝜋𝑍∗
𝑑
> 𝜋BD∗
𝑑

, and 𝜋𝑍∗
𝑟
> 𝜋BD∗
𝑟

. Thus, under
the quantity discount contract, the decentralized supply chain
had an equal benefit with the centralized supply chain after
coordination. Conclusion 6 was confirmed.

7. Conclusions and Significances

7.1. Conclusions. In a Big Data environment, by analyzing
the importance of a Data Company in the supply chain,
the original model of the supply chain was constructed.
Then, considering consumers’ preference and the trust on
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Figure 3: Effects of the cost and its improvement coefficient on the acquisition costs threshold.
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Figure 4: Effects of contract parameter on benefits of supply chain
members.

the evaluation from the third party, the demand and benefit
model was constructed. By analyzing these models we found
the following.

(1) Under the condition of obtaining and using BDI, the
more the costs (𝑐

𝑑
+𝑐
𝑟
+𝑐
𝑠
+𝑐V) needed to be improved,

the bigger the acquisition costs threshold (2𝑐
𝑖
+ 𝑐
𝑜
).

Namely, whether the enterprises using BDI to improve
their costswould gainmore benefits or notwas determined by
the improvement space of their enterprises costs. Therefore,
for enterprises that wanted to use BDI to improve their costs,
they had one way to offset the acquisition costs of BDI; it was
to excavate the value of Big Data fully and thereby use it to
improve their costs.

(2) The acquisition costs thresholds of the decentralized
supply chain and the centralized supply chain were
equal.

These results suggested that whether the supply chain
was the decentralized decision-making and the centralized
decision-making, if its members used BDI to improve their
costs, the acquisition costs thresholds of BDI were equal.

Moreover, themaximum value that they could undertake was
same.

(3) For the decentralized supply chain, if it had used BDI
to improve their costs, it would result in a “double
marginalized effect,” and the quantity discount con-
tract couldmake it coordinate.Moreover, the contract
could achieve a win-win outcome for both CE and the
retailer.

(4) Meanwhile, the threshold of the discount coefficient
was got, and it was related to the discount factor of
value (𝛼, 𝛿).

These results showed that the quantity discount contract
could achieve the coordination of the decentralized supply
chain. However, the discount coefficient should meet a
certain range; the range was determined by consumer pref-
erence and the trust on the evaluation from the third party.
Therefore, in a Big Data environment, consumer behavior
analysis was important.

7.2. Practical Significance. In the Big Data era, BDI will
gradually become important, based on the characteristics
of Big Data, and a Data Company in the supply chain is
getting more and more important. Enterprises may pay more
attention to gain Big Data service from a Data Company,
which may cause the change of supply chain structure and
lead to the new problem of supply chain investment decision-
making and coordination. And the investment cost threshold
is closely related to the enterprise cost improvement coeffi-
cient, and the threshold of the discount coefficient is related
to the discount factor of value. This finding is important for
enterprise to implement the Big Data plan. Next, we will give
some advices for enterprise to guide their Big Data plan.

(1) For the complex products whose production cost is
high and new products whose sales cost is high, if
enterprises analyze and use BDI to improve their
costs, this may help them gain more benefits. How-
ever, if the benefits cannot offset the acquisition costs
of BDI, namely, the threshold of acquisition costs on
BDI is bigger than the improved costs, under this
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situation, enterprise can adopt two methods to adjust
and control this situation: one is to excavate the value
of Big Data fully to reduce the cost improvement
coefficient and increase the improved costs (i.e.,
increasing the value of (1−𝜗)(𝑐

𝑑
+𝑐
𝑟
+𝑐
𝑠
+𝑐V)); another

is to reduce the acquisition costs of BDI through
coordination or other ways.

(2) Under the decentralized decision-making, for enter-
prises that had used BDI to improve their costs, if
they want to gainmore benefits, the quantity discount
contract can help them. Moreover, this contract can
enhance the overall revenues of the supply chain.
What the enterprise need to do is to set a suitable
discount coefficient, and it is related to consumer
preference and the trust on the evaluation from the
third party, and in a Big Data environment, these
pieces of information can be forecasted based on
consumers’ BDI.

7.3. Theoretical Significance. In a Big Data environment, BDI
is becoming increasingly important, based on the character-
istics of Big Data, and a Data Company in the supply chain
is getting more and more important. This might lead to the
change of the supply chain structure; thus, we proposed the
original model of a two-stage supply chain in a Big Data
environment, which made up for the lack of supply chain
structure under Big Data era.

Based on the original model and the utility theory of
value, through analyzing some changes of consumer behavior
in a Big Data environment, the market demand function was
got. Then, analyzing and using BDI to improve enterprise’s
costs (i.e., sales costs, production costs, and inventory cost)
was considered. Then the benefits model of stakeholders was
built. By analyzing, the acquisition costs thresholds of BDI
were got under the decentralized decision-making and the
centralized decision-making. They were equal under the two
decision-makingmodels.These findings compensated for the
weaknesses of the supply chain investment decision-making
in a Big Data environment.

Meanwhile, we proved that the quantity discount contract
could be used and made the supply chain coordinate, and
the threshold of the discount coefficient was got, and it was
related to the changes of consumer behavior (i.e., consumer
preferences and the trust on the evaluation from the third
party). These findings enriched the use environment of the
quantity discount contract and made up for the research
shortages of the supply chain coordination under the new
environment.

8. Future Research

In this paper, we considered only one form of the supply
chain. Next, the extended forms of the supply chain should
be considered. For example, we can research the problems of
the investment decision-making and coordination based on
a double-channel supply chain, a multichannel supply chain,
or a closed-loop supply chain. In addition, we used only the
quantity discount contract to coordinate the supply chain. In

the next step, we should discuss and compare the effects of
the different contracts on the supply chain coordination and
revenue in a Big Data environment.
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