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Abstract In the Big Data era, Data Company as the Big Data information (BDI) supplier
should be included in a supply chain. To research the investment decision-making problems
of BDI and its effects on supply chain coordination, a three-stage supply chain with one
manufacturer, one retailer, and one Data Company was chosen. Meanwhile, considering the
manufacturer contained the internal BDI and the external BDI, four benefit models about
BDI investment were proposed and analyzed in decentralized and centralized supply chains.
Meanwhile, a revenue sharing contract was used to coordinate the decentralized supply chain
after investing in BDI. Findings: (1) the Big Data investment threshold of the Data Company
was determined by the cost improvement coefficient, meanwhile, Data Company’s benefit
was influenced by the consumer preference information conversion coefficient. (2) Whether
the manufacturer was suitable to invest in BDI, it was influenced by the cost improvement
coefficient. (3) When revenue sharing coefficient could meet a certain range, the revenue
sharing contract could make the supply chain coordinate. Moreover, the benefits of supply
chain members were same after coordination.

Keywords Supply chain management - Investment decision-making - Coordination - Data
Company - Big data

1 Introduction

With the popularity of Internet and the rapid development of Internet of Things (IoT), global
data are increasing rapidly. Meanwhile, the development of Cloud technology and virtual
storage will make the storage cost of Big Data reduce (Bin and Xin 2013; Cambria et al.
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2013). All of these are an opportunity for the application and development of Big Data.
Therefore, the era of Big Data has arrived. Under the Big Data background, data as the
essential raw materials in the information economy society (Sanders 2015) have penetrated
into every industry and affect the development of an industry.

Thus, many companies begin to obtain and use Big Data. Current researches have studied
the advantages of Big Data application, and findings that using Big Data can help enterprises
change their benefit model and business model (Barton 2012). In addition, using Big Data
can also help companies improve production capacity and efficiency (McAfee and B. E.
2012). However, for companies, not all of them have sufficient ability to deal with such
complex and large data. Therefore, many companies begin to outsource their Big Data project.
The common method is to buy related Big Data information (BDI) from the related Data
Company. With this trend development, the status of Data Company in a supply chain will
become increasingly important. This change will lead to the change of supply chain structure,
namely, Data Company should contained in a supply chain as a supply chain member.

Under the above conditions, to gain more valuable BDI, Data Company will pay extra
money for Big Data technology and equipment. In addition, manufacturers will also pay
extra money for gaining the related BDI. In this study, BDI in a manufacturer contained the
internal part and the external part (the external BDI mainly refers to consumer preference
information) and is chosen as the study object. However, Data Company and manufacturer
want to know how to balance the relationships between the costs spending on Big Data and
the revenues getting from Big Data usage. From the whole supply chain perspective, they
want to know how to make the whole supply chain benefits maximize and what contract can
coordinate the supply chain.

Therefore, aims of this paper are to solve the investment decision-making and coordination
issues of a three stage supply chain considering Data Company in the Big Data environment.
Although, many researches have discussed the investment decision-making and coordination
problem of supply chain, they focus on a two-stage supply chain with one manufacturer and
one retailer. Researches taking Data Company as a supply chain member are few, thus, in
this paper, we will make up this gap.

In this study, we first discussed the importance of Data Company in a supply chain, and
then described the related researches on the investment decision-making and coordination
problems of a supply chain in the Big Data era. Based on the utility function theory, the
demand function was built. Then, four benefit models were proposed and analyzed in the
decentralized model and the centralized model. Finally, the revenue sharing contract was used
to coordinate the decentralized supply chain. Results offer a theoretical guidance for Data
Company to invest in Big Data technology, and it also provides a guidance for manufacturer
to invest in consumer preference information. Meanwhile, it is a new development of supply
chain decision-making and coordination theories in the Big Data era.

2 Literature review

2.1 Significance of Data Company in supply chain

In the Big Data era, the concept of data-driven supply chain has been proposed (Sanders
2015). In the data-driven supply chain, data as driving forces and raw materials are getting

more and more attentions. However, for most enterprises, analyzing so large and complex data
is a huge challenge. Thus, Data Company owning Big Data analysis capacity is becoming
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increasingly important. The specific reasons are as follows: (1) The IT department of the
traditional enterprise is helpless in using Big Data because of natures of Big Data (Gantz
et al. 2011; Xuelong and Gong 2015). It is difficult for the IT department of the traditional
enterprise to use Big Data well because of the “volume” nature of Big Data. According to
the forecast of IDC, in 2020, the number of global digital information will be 44 times today
and most of these data are unstructured (Gantz et al. 2011). In addition, the update speed
of these data is very fast, which also brings great challenges to the traditional enterprises
(Wen-Lian and Xia 2013). Extracting the potential values of Big Data needs professional IT
companies to use professional Big Data technology (Li et al. 2014). (2) Data Company has the
ability to improve the data quality and protect data security (Liu and Yi 2016). Data quality
will affect the ultimate value of Big Data and influence the usage of Big Data in a supply
chain (Hazen et al. 2014). The unreliability of data sources is a vital factor in affecting data
quality (Bowie and Jamal 2006). This unreliability usually is caused by consumer privacy
protection behavior (Wen-Lian and Xia 2013). However, a Data Company owning the ability
to protect consumer privacy will get more trust of consumers and they will offer their personal
information to the Data Company.

Overall, Data Company owns the unmatched advantages in the processes of Big Data
collection, storage, and analysis compared with the I'T department of the traditional enterprise.
In the future, Data Company will play an important role in offering BDI to other companies.

Thus, studying the investment decision-making problem of a supply chain should consider
the role of Data Company in supply chain. Meanwhile, this problem’s study is also vital for
Data Company to invest in Big Data.

2.2 Big Data and supply chain management

Following the arrival of Big Data age, the applications of Big Data in supply chain manage-
ment are also discussed. However, most of them focus on the qualitative researches and the
quantitative researches are few.

In qualitative researches, many researchers have discussed the applications of Big Data
in supply chain (Chae and Olson 2013; Hazen et al. 2014; Trkman et al. 2010). In 2013,
Waller and Fawcett (2013) discussed the vital of Big Data in supply chain management and
invoked researchers to pay more attentions on Big Data usage in supply chain. To help firms
use Big Data well, a model according to Ramco Cements Limited was proposed for carrying
out Big Data in a company (Dutta and Bose 2015). In addition, an analysis model based
on deduction chart way was presented to combine their competitive advantages with other
firms (Tan et al. 2015). In addition, effects of Big Data (Bi and Cochran 2014) and its quality
(Hazen et al. 2014) on enterprises information system were discussed. Fosso Wamba et al.
(2015) proposed that enterprise should pay attention on the values (market segmentation,
decision-making, demand discovery, producing new products, etc.) created by Big Data.
In addition, in the decision-making process of Big Data application, the decision-making
quality would be influenced by the qualities of data collection, analysis, and transmission
(Janssen et al. 2016). Some researchers also discussed the effects of Big Data analysis ability
on supply chain performance and organization benefits (Akter et al. 2016; Gunasekaran
et al. 2016; Wamba et al. 2016). Lamba and Singh (2016) addressed the complexity related
with natures of Big Data. According to these, three new Big Data models were proposed to
solve the problems of joint procurement, procurement, and facility layout in supply chain
management process. Nguyen et al. (2017) reviewed the new researches about the applications
of Big Data analytics in supply chain management and got what Big Data analytic models
and techniques were used in supply chain management. Shen and Chan (2017) reviewed
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the researches on the forecast information sharing problems in the Big Data age, and the
obstacles and advantages for sharing information were discussed. Hofmann (2017) studied
which natures of Big Data were good in reducing the bullwhip effect of supply chain. Kache
and Seuring (2017) proposed the challenges and opportunities brought by using Big Data in
supply chain management from an empirical research angle. Similarly, Arunachalam et al.
(2017) reviewed the documents on the applications of Big Data analytics in supply chain
management. Through reviewing previous researches, Lamba and Singh (2017) found that
Big Data analytic methods were widely used in the processes of supply chain (manufacturing,
logistics, and procurement).

In quantitative researches, Olama et al. (2014) proposed an integration level model to assess
the swiftness of a company data system. Tambe (2014) called managers to pay attention
on balancing relationships between the costs spending on labor and the revenues getting
from Big Data. Shi and Li (2015) discussed the effects of privacy information leakage on
supply chain member coordination relationship in the Big Data environment. Wu et al. (2016)
presented the coordination strategies of a three-stage supply chain considering Big Data
service provider. Based on geospatial data, Singh et al. (2016) proposed a method to solve
the location-allocation decision problem of a cold chain. Similarly, Mishra and Singh (2016)
proposed a model to get waste minimization strategies based on twitter data. See-To and
Ngai (2016) proposed a demand distributional model based on sale Big Data analysis. To
reduce the inherent risk of hazardous materials, Zhao et al. (2017) proposed a multi-objective
optimization method. In this method, Big Data analytic method was used to get the related
parameters, and three scenarios were discussed to optimize green supply chain management.
Kaur and Singh (2017) proposed a model about sustainability procurement and logistics, and
this model contains MINLP method (Mixed Integer Non Linear Program) and MILP method
(Mixed Integer Linear Program) and the input data are from the related cost Data, trading
data, and emissions data. Li and Wang (2017) discussed the revenues of the chilled food
supply chain by using data driven pricing method. To make Big Data transform a manageable
volume scope, Wu et al. (2017) proposed a method based on fuzzy and grey Delphi methods.
Lietal. (2017) studied the pricing and production rules of a two-stage supply chain with one
manufacturer and two suppliers.

However, researches focused on the investment decision-making and coordination prob-
lems of supply chain were few. To make up this gap, based a two-stage supply chain with one
manufacturer and one retailer, Liu and Yi (2017) discussed the investment decision-making
and coordination issues of supply chain on BDI in the information symmetry circumstance
and the information asymmetry circumstance, finally, a revenue sharing contract was used
to coordinate the supply chain. Furthermore, Liu and Yi (2016) chose a supply chain with
one manufacturer and on retailer to discuss the investment conditions of BDI and used the
quantity discount contract to coordinate the supply chain. Meanwhile, the significances of
Data Company in future supply chain was stressed and they thought Data Company should
be included in a supply chain. Although, they emphasized the importance of Data Company
in a supply chain, in the discussion process of the investment decision-making and coordi-
nation issues of supply chain, Data Company was not considered. Meanwhile, whether the
revenue sharing contract can achieve a three-stage supply chain coordinate is not discussed.
Therefore, to make this gap, in this paper, Data Company and the revenue sharing contract
will be considered to discuss the investment decision-making and coordination issues of BDI
in a three-stage supply chain.

To resolve the above problems, four investment models were presented. (1) In the decen-
tralized supply chain and the centralized supply chain, Data Company will not invest in Big
Data technology to gain BDI and the manufacturer will also not invest in BDI. And the retailer
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will not invest in BDI. (2) In the decentralized supply chain and the centralized supply chain,
Data Company will invest in Big Data technology to gain BDI and the manufacturer will also
invest in BDI. And the retailer will not invest in BDL

3 Model establishment

In the Big Data era, with the development of consumer living standards, the heterogeneity
preference of consumer is increasing. For manufacturer, gaining the accurate and timely
consumer preference information becomes more and more important. And natures of Big
Data can meet the demand of manufacturer on the accurate and timely consumer preference
information. For manufacturer, the common way to gain consumer demand information
is to buy it from Data Company. Based on these preference information, manufacturer
designs and produces product to meet consumer demand. For Data Company, to gain more
benefits from selling consumer BDI, it should invest in new data analysis technology to
gain these BDI. Thus, in this paper, we main discuss how the Data Company and the
manufacturer to balance the relationships between their related Big Data costs and bene-
fits.

Currently, due to the immature BDI demand market, generally, the Data Company will set
their BDI retail price firstly, and then the manufacturer designs and produces new products
based on the BDI gained from Data Company and decides the product wholesale price
considering the BDI retail price. Thus, in this paper, assume that the Data Company is the
leader, and the manufacturer and the retailer are the follower.

3.1 Variables and Parameters

pk is the product retail price in different models. Here, k = {ND, D, NC, C}. N D model
stands for the benefit model of the decentralized supply chain with the circumstance of no
using Big Data. D model presents the benefit model of the decentralized supply chain with
the circumstance of using Big Data. N C model stands for the benefit model of the centralized
supply chain with the circumstance of no using Big Data. C model presents the benefit model
of the centralized supply chain with the circumstance of using Big Data.

p’lj is the BDI retail price in different models. o stands for the value discount factor and
is influenced by the precision of consumer preference information.

c¢p presents the information production cost of the Data Company. cp; stands for the added
cost of the Data Company because of using new Big Data technology to gain BDL

¢ stands for the product production cost of the manufacturer. ¢ presents the BDI invest-
ment cost of the manufacturer.

wk is the wholesale price of the product in different models.

0 is “the industry cost improvement coefficient. By analyzing the internal BDI and the
external BDI of a company and using it in the company can help reduce the company’s cost”
(Liu and Yi 2016).

3.2 Demand function and model assumptions
3.2.1 Demand function

In the Big Data environment, to gain more competitive advantages, the traditional manufac-
turer will buy consumer preference information and produce productions to meet consumer
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Fig. 1 Application of Big Data in the traditional manufacturers

demand, and application of consumer preference information is shown in Fig. 1. Based on
the utility function theory, let U = v — p; here, v € [0, 1]. The market demand formula is
shown as follows.
k

o =1-5 (1)
Typically, both charging by service hours and charging by number of messages are the profit
models of the Data Company. In reality, both the two profit models are used. In this paper,
the profit model charging by number of messages will be chosen. When the manufacturer
obtains these consumer demand information, it can design and produce products based on
these information. Assume that the total number of consumer information is D. There is
y = Q/D, here y € [0, 1]. To simplify the calculation, we set § = 1/y, D = BQ, B
presents the consumer preference information conversion coefficient, in different models, it
can express .

3.2.2 Model assumptions

(i) The manufacturer obtains consumers demand BDI from the Data Company. Meanwhile,
the Data Company charges by messages’ number.
(ii)) The manufacturer has enough production capacity. Supply chain members are com-
pletely rational and risk neutral.
(iii) The manufacturer designs and produces this type production based on the consumer
preference information. In addition, the market is completely monopolized.

4 Investment decision-making and coordination of supply chain

In the Big Data environment, to produce products needed by consumers, manufacturer has to
gain consumers’ preference information from Data Company. With this trend development,
Data Company will become an important part of supply chain. In this condition, if supply
chain members want to gain more benefits, how should they invest in BDI? How should the
decision maker coordinate the three-stage supply chain? These problems are important for
supply members to solve.

To solve the above problems and make up the theoretical research gap, a supply chain
with one manufacturer, one retailer, and one Data Company are chosen. Based on the utility
function theory, the demand function is built. Then, the benefit functions of the manufacturer,
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the retailer and the Data Company are constructed in the decentralized model and the cen-
tralized model using Stackelberg game. By comparing optimal benefits and prices of supply
chain members in the decentralized model and the centralized model, we find that the play-
ers’ benefits in decentralized model have the improvement space. Thus, a revenue sharing
contract is used to coordinate the supply chain.

4.1 Decentralized model

In the decentralized model, supply chain members pursue their own profit maximization.
When the manufacturer sets a wholesale price, it will consider the BDI price of the Data
Company. Thus, in this paper, assume that the Data Company is the game leader and first
sets the BDI retail price. The manufacturer sets the wholesale price of product considering
the BDI retail price, and then the retailer sets the product retail price.

4.1.1 ND model

In the ND model, the Data Company doesn’t use Big Data technology to extract infor-
mation, thus, the accuracy of consumer preference information is low. If the manufacturer
purchases consumer preference information from the Data Company, and then produces prod-
ucts according to these information. The products cannot meet the needs of consumers well.
Thus, QNP < P, BNP < BP . Inthe ND model, the benefit functions of the Data Company,
the manufacturer, and the retailer are shown in functions (2), (3), and (4), respectively.

7y P(py P = (py'” — en) NP QNP @
7 PPy = @ — pif? — ) NP 3)
xP(pNP) = (VP —whP) P @)

Based formulas (2), (3), and (4), we get:

ND ND
(p}’,VD*, wNDx | pNDx QND*) _ <Of —c+cp 3a™ +c+op

> , 1 )
ToNP +e4¢p aVP —c—¢p
, 5
8 8a
Due to QND > 0, a2 should be bigger than ¢ + cp, namely,
aVP > o+ ch (6)

Based on formula (5), supply chain members’ benefits are

(n,ND* ﬂND* nND*) B ﬂND(O[ND—C—Cb)z (O[ND —c— Cb)2 ((XND —c— Cb)z
boorhd 16aND T 32eND 7 64aND

)

N D is the equilibrium solution.

Proposition 1 In the ND model, (p)P*, wNP*, p
(ﬂé\/D*, ﬂ[‘;VD*, n,l{\/D*)

ND*’ QND*)

is the optimal revenues of supply chain members.
4.1.2 D model

In the D model, the Data Company will use Big Data technology to extract consumer informa-
tion, thus, the accuracy of consumer preference information is higher than it in the ND model.
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If the manufacturer purchases consumer preference information from the Data Company, and
then produces product according to these information. The products can meet the demand of
consumers well. Thus, the benefit functions of the Data Company, the manufacturer, and the
retailer are shown in functions (8), (9), and (10), respectively.

7P (pP) = (pP — cvi — Ocp)BP 0P ®)
PPy = WP — pP —cqg —0c) QP ©)
7P (p?) = (p® —w?)QP (10)

Based formulas (8), (9), and (10), we get:

Dx D D% D al —0c—cy+cpi +0cp 3aP +0c+cg+ cpi +6cp
(pb ) , P sQ ):

) ) 2 )
7&D+96+Cd+cbi+96b otD—Qc—cd—cb,-—Gcb
8 ’ 8o
(1)

Due to QD > 0, «? should be bigger than 6c + ¢4 + Hc;cb[, namely,
cqg +cpi < aP —6c —0Oc¢yp (12)

Based on formula (11), supply chain members’ benefits are

Ds _ D+ _Dx\ _ ,BD(O{D—Oc—cd—OC;Cbi)Z
Mo Td T ) = 16D ’

(@P —0c —cy —Ocp — cpi)? (P —0c —cy — GC;cb,-)z
32aP ’ 64al

13)

Proposition 2 In the D model, (phD*’ D+

(" 7 )

pP*, 0P *) is the equilibrium solution.
is the optimal revenues of the supply chain members.

4.1.3 Investment decision in the decentralized model

In the Big Data environment, many companies have used BDI to help them win more benefits
and advantages. Thus, analyzing the investment condition of Big Data is a vital problem for
organizations.

In this chapter, according to the above analyses, the optimal benefits of supply chain
members in the decentralized model will be compared. Assume that Am, stands for the

revenue differences, here, x = {1, 2, 3}. Amr; = an * N D% 5 0,and according to formulas

(7)and (13), we getcg+cpi < (1—+/pNPaP/BPa ND)(Of —a"P)+(/BNPal | gPaND —
60)(c + cp). It expresses that when cg + cp; < (1 — /BNPaP/BPaND)(aP — aNP) +
BNDaD /BDaND — 09)(c + cp) can be met, the Data Company can get more benefits

through using data analysis technology. Amy = f 4 (9’ D% - 0. According to formulas

(7) and (13), we get cg +cpi < (1 — /P JaNP) (P —aNP) + (JaP /aNP —0)(c+cp). It
shows that when ¢y +c¢p; < (1 —/aP /aVND) (P —a¥P)+ (/aP /aND —0)(c+cp) can be

met, the manufacturer can get more benefits through using BDL. Az = n2* — nNP* > 0,
and according to formulas (7) and (13), we get cg + cp; < (1 — ,/aD/aND)(aD —aNDy 4
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(VaP/aNP — 0)(c + cp). It shows that when ¢g + ¢ < (1 — aP /aND) (P — o P) +
WV aP /aND — ) (c + c¢p) can be met, the retailer can get more benefits. Thus, Conclusion 1
can be get.

Conclusion 1 When ¢ +cpi < (1 —/aP /aND) (P —a™P) + (VaP /aND —0)(c+cp),
the Data Company and the manufacturer invest in Big Data can get more benefits, moreover,
the retailer benefits will also be improved.

Conclusion 1 also indicates that if a member in the supply chain uses and invests in Big Data
to improve their revenuers, for other members, “Spillover Effect” exists. This phenomenon
is similar to the research of Liu and Yi (2017). In their study, a two-stage supply chain with
one retailer and one manufacturer was considered. Through comparing this study with the
research of Liu and Yi (2017), we also found that the BDI investment threshold of supply
chain has a positive relationship with the improved costs (¢ + ¢;) and a negative relationship
with the industry cost improvement coefficient 6. These showed that if the users of Big Data
wanted to gain more revenues, they should try their best to extract the value of Big Data and
using it to reduce production costs Liu and Yi (2016, 2017).

4.2 Centralized model

In the centralized model, supply chain members pursue the maximization of the overall
profits. Thus, in this section, the benefit functions in both NC and C models are built. Finally,
the supply chain benefits in the two models are compared.

4.2.1 NC model

In the NC model, the benefit function of the centralized supply chain is shown in function
(14).

R AR " (14)

Based on formula (14), we get

(pNC*, QNCH) = (“NC + c;— ﬂNch7 alNe —zz;CﬁNCCb> (15)
Due to QV¢ > 0, «¥€ should bigger than ¢ + V€ ¢, namely,
A c—i—ﬂNcch (16)
Based on formula (15), supply chain benefit is
_new _ @Y€ —c— p¥Cq)? 0

J 4oNC

Proposition 3 In the NC model, (pNC*, QNC*) is the equilibrium solution. JTJNC* is the
optimal revenue of the supply chain.

4.2.2 C model
In the C model, the benefit function of the centralized supply chain is shown in function (18).
nf = (pC —bc—ca)Q° — (Bcp + cr) BT QO° (18)

J
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Based on formula (18), we get:

(FC* Qc*)__(“C‘+96-F9ﬁCCb4-Cd%-ﬁcqn a€ —0c—0BNCc; ca — BCcyi

2 ’ 2a€
19)
Due to Q€ > 0, «€ should be bigger than 6¢ + Gﬂcc;rcd + ,BCCZ[ + BNCey, namely,
a€ —60c—60pCc; ca+ BCcni (20)
Based on formula (19), supply chain benefit is
C _0c—08Cc e, — BCc: 2
7C* = (Ol c B c,ca— P Cbl) 21

J e

Proposition 4 In the C model, (p€*, Q€*) is the equilibrium solution. nic* is the optimal

revenue of the supply chain.

4.2.3 Investment decision in the centralized model.

In this chapter, according to the above analyses, the optimal benefits of the centralized supply
chain in the two models will be compared. Assume that A7 ; stands for the revenue differences

betweennjc* andn]NC*.When, Amj = rrjc*—n]NC* > 0,wegetcg+cp < (1—y/aP /aND)

(P —aPy 4+ (JaP JaND — 0)(c + cp). It shows that when ¢g + ¢pi < (1 — /P /aND)
(P —a"Py 4+ (VaP JaND —0)(c +cp) can be met, the supply chain members can get more
benefits through using BDI. Thus, Conclusion 2 can be get combining Conclusion 1.

Conclusion 2 When cg +cpi < (1 —/aP/aVND) (P —aP) + (VaP /aND —8)(c+cp),
the decision makers investing in Big Data can get more benefits, moreover, the thresholds
of Big Data investment in the decentralized supply chain are same as the centralized supply
chain.

Based on Conclusions 1 and 2, Conclusion 3 can be get.

Conclusion 3 The threshold investing in Big Data (c4 + ¢p; ) has a negative relationship with
the cost improvement coefficient (9) and has a positive relationship with the improved costs
(c +cp).

The relationship between the threshold investing in Big Data and the cost improvement
coefficientis similar with the research of Liu and Yi (2016, 2017). Meanwhile, the relationship
between the threshold investing in BDI and the improved costs is also similar to the research
of Liu and Yi (2016, 2017). These indicate that whether it is a third-stage supply chain or a
two-stage supply chain, the threshold investing in Big Data will has a negative relationship
with the cost improvement coefficient and has a positive relationship with the improved costs.
In addition, in the decentralized model and the centralized model, the threshold investing in
Big Data is equal.
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4.3 Supply chain coordination

Based on the above analyses, we can get that the product retail price in the D model is higher
than it in the C model. Meanwhile, benefits of supply chain in the D model is lower than it in
the C model. Thus, the decentralized supply chain has a “double marginalized effect”. The
benefit of the decentralized supply chain is not optimal and has space for increase. We can
use contract to make the supply chain coordinate. Thus, in this study, the revenue sharing
contract will be used.

To sell more products, the manufacturer will offer a low wholesale price to the retailer.
Meanwhile, to make up the benefit loss of the manufacturer because of reducing the product
wholesale price, the retailer will share its benefits with a certain rate p. Thus, the benefits of
the Data Company, the manufacturer, and the retailer are shown as follows.

M = (p)l —6c —cp) oM 22)
7t = @Y —6c—ca) M + (1 - p)(pM — w*) oM (23)
M = p(p™ —w) oM (24)

Based on formulas (22), (23), and (24), let py« = pc«, we get formula (25).

(pit,w, pM*) = (M p = Bes — cap — By — Bpc — Opc — ppocy,

aM 4 0c+cs+ Bepi + Qﬂcb> (25)

cq + Bepi +0c + Bocy, 5

Based on formula (25), profits of the supply chain members are shown in formula (26).

e e v\ _ [ p@M —6c—ca—6Bc, Bep)?
Ty g BT ) = oM ;

p@™—0c—cq—0Bc; Bepi)?* p@™ —0c — cq — 0Bc;, Bepi)?
2aM ’ 2aM

(26)

Conclusion 4 When 1 > p > max{&, {2, &3} can be met, the revenue sharing contract can
make the decentralized supply chain coordinate.

p@M—bc—ca—6Bc; Beni)* P (P —bc—ca—bc; cpi)*

Proof When n,ﬁ”* - an* = > 0, because

2aM 1600

oM = P we get p > BP@P —0c—cy— Gcb_cbi)z/&o(aM —0c—cq — Gﬁc;ﬂcbi)z,

) L M_ge—cq—0Bc Bepi)? D_ge—cq—c; cp)?
this condition is called & . When 7 }/* — P* = pla” e ;;M bey o)™ (o —6e 3;217 p bi)
> 0, we get p > (P —0c —cqg — Oc; cpi)?/16(a™ — Oc — cq — 0Bc;, Bepi)?, this condi-
o M_ge—cq—0Bci Bepi)? D_ge—cq—bccpi)?
tion is called &. When 7M* — 7 P* = plo —be ZC;M be, be)” (@ ¢ 6221’ )"
can be met, we get p > (@P —6c—cy— 9c;cb,~)2/32(aM —0c —cq — Gﬂc;ﬂchi)z, this
condition is called &3. Thus, Conclusion 4 is proved. O

Conclusion 4 indicates that when the revenue sharing factor p in a certain range, the
revenue sharing contract can make the three-stage supply chain coordinate. Previous research
also showed that the revenue sharing contract could make a two-stage supply chain coordinate
in the Big Data era (Liu and Yi 2017). This study expands the application of the revenue
sharing contract in a three-stage supply chain.
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5 Numerical simulation

In this chapter, a numerical example will be presented to show the results’ effectiveness. Let
6 = 0.65,aNP = aVC =40 < a? = =aM =50,c =5,V = gNC = 0.7 <
BP = pC = p" = 0.9,

cp =1,cp =0.1,¢4 =0.5.

Based on Propositions 1 and 3, we get (rrrND*, n‘?m*, néVD*, rerC*) = (0.45,0.90, 1.26,
7.35). According to Conclusions 1 and 2, we get c¢; + c»; < 1.62. Without loss of
generality, we set ¢4 = 0.5, ¢p; = 0.1. Then, we get (nrD*,nf*,nhD* n/.C*) =

)

(0.65, 1.29,2.33, 10.39). Based on the above analyses, we get Anr:ﬂrD* —n'rND* =02>0,
Arrd:ndD* - néVD* =039 >0, Anb:an* - néVD* =1.07 > 0, and Anj:rrjc* — n'jNC* =
3.04 > 0. Thus, Conclusions 1 and 2 are verified.

Effects of the cost improvement coefficient (6) on the benefits of supply chain members
in the D model are shown in Fig. 2. From Fig. 2, we can get that with the increase of the cost
improvement coefficient (6), the optimal benefits of supply chain members in the D model
will decrease. It indicates that if the decision makers want to gain more benefits, they need
to extract the values of Big Data fully. In addition, after using Big Data, the increased values
of the benefits of the manufacturer and the Data Company are high and the increased values
of the benefits of the retailer is low. It shows the rule “who will gain benefit from his/her
investment”’. Meanwhile, it also indicates the law “positive externalities” for other members.
These trends are same with the research of Liu and Yi (2017).

From Fig. 3, we can get that the investment costs (c¢; + cp;) have a negative relationship
with the cost improvement coefficient (9). It indicates that if the decision makers want to add
the range of the investment costs (c¢g + cp;), they should try their best to extract the value
of Big Data and using it to reduce production costs. Moreover, when the cost improvement
coefficient (¢) is in a certain range, the supply chain members invest in and use Big Data are
feasible and profitable. Thus, Conclusion 3 is confirmed.

Figure 4 presents the effects of the consumer preference information conversion coefficient
(BP) on benefits of supply chain members. From Fig. 4, we can get that benefits of the
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Fig. 4 Effects of ﬁD on benefits of supply chain members

retailer and the manufacturer have no relationship with the consumer preference information
conversion coefficient (87). With the growth of B2, the benefit of the Data Company will
increase. It indicates that if the Data Company wants to gain more benefits, it should improve
the accuracy of consumer preference information.

Due to 7 P* + 7% + 7 P* = 4.27 and njc* =10.39, we get 72* + 7 P* + 7% < 71](.:*.
Moreover, pP* = 44.31 and p¢* = 27.21, namely, pP* > p€*. These show that after
using Big Data, the decentralized supply chain has a lower product retail price and benefit
compared with the centralized supply chain. Thus, the decentralized supply chain after using
Big Data has “double marginalized effect.” To reduce this effect, in this study, the revenue
sharing contract is used to coordinate the decentralized supply chain. Effects of the revenue
sharing coefficient on benefits of supply chain members are shown in Fig. 5. From Fig. 5,
we can get that when the revenue sharing coefficient (p) is in a certain range, the revenue
sharing contract can achieve supply chain coordinate. Conclusion 4 is confirmed.
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6 Discussion

In the Big Data environment, Data Company as one provider of BDI is playing an increasingly
important role in a supply chain system (Liu and Yi 2016). Many enterprises begin to obtain
related BDI from it. However, obtaining BDI from Data Company will add enterprises’ extra
money, meanwhile, to gain the accurate and timely BDI, the Data Company will also add
extra money in improving new data analysis technologies and equipment. In this process, it
is important for Data Company and enterprise to know how to invest in and use Big Data
and how to gain more benefits. Thus, in this paper, a supply chain with one manufacturer,
one retailer, and one Data Company is chosen. Then, we propose and construct four benefit
models based on a three-stage supply chain. Finally, the revenue sharing contract is used to
coordinate the supply chain. Through analyzing the above models, some results are got.

When the investment Sum of the Data Company in improving data analysis technology
and equipment and the manufacturer invested in obtaining consumer preference information
is in a certain range, investing and using Big Data will help investors gain more benefits.
This result is similar to the research of Liu and Yi (2016) and Liu and Yi (2017). However,
there are some differences in the influencing factors of the range. In addition, the investment
thresholds in the decentralized model and the centralized model are same. This result are
the same with the research of Liu and Yi (2016). Meanwhile, the investors will get more
benefits from using Big Data, for the retailer, its benefits will also be increase, namely, there
is “Spillover Effect”. However, the added benefit value of the investors is higher than the
retailer’s, it shows the law “who will gain benefit from his/her investment”.

The threshold investing in Big Data (c¢s + c¢p;) has a negative relationship with cost
improvement coefficient (6). These trends are similar to the research of Liu and Yi (2016)
and Liu and Yi (2017). It indicates that, for the investors, trying their best to extract the
value of Big Data and using it to reduce production costs will help them add the range of
the investment costs. The benefits of the retailer and the manufacturer have no relationship
with the consumer preference information conversion coefficient. With the increase of 82,
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the benefit of the Data Company will increase. Namely, if the Data Company wants to gain
more benefits, it should improve the accuracy of consumer preference information.

When the revenue sharing coefficient (p) is in a certain range, the revenue sharing contract
can achieve supply chain coordinate. It demonstrates that the revenue sharing contract can
be used to solve the coordination problem of supply chain in the Big Data environment.

The above results demonstrate that, for the manufacturer, extracting the value of Big
Data and using it to reduce production costs will help it obtain more benefits. For the Data
Company, improving the accuracy of consumer preference information will help it gain more
revenues, in addition, that the manufacturer increase the application value of BDI will also
bring benefits to the Data Company. For the retailer, if other members in the supply chain
use Big Data, which will make its benefits increase. However, for the whole supply chain,
the benefits have an improvement space after using Big Data, the revenue sharing contract
can achieve the three-stage supply chain coordination.

7 Conclusions

The main contribution of this study is that we expand the research about the BDI investment
and coordination of supply chain to a three-stage supply chain in the Big Data environment,
where Data Company is included in the supply chain. Meanwhile, we expand the application
of the revenue sharing contact to a three-stage supply chain in the Big Data environment. In
addition, we proposed the concept of consumer preference information conversion coefficient
B.

This study has some scientific values. Theoretically, the important position of a Data
Company in a supply chain was analyzed under the Big Data environment. Based on these,
four investment models were proposed considering the Data Company, and then the invest-
ment decision-making conditions were analyzed. Finally, we also proved that the revenue
sharing contract could make the three-stage supply chain coordination. This study is a new
development of the investment decision-making theory in a three-stage supply chain in the
Big Data environment. It offers a theoretical guidance for the Data Company to invest in
Big Data and it also provides a guidance for the manufacturer to use consumer preference
information. In practice, if the Data Company wants to get more benefits, it should extract
the values of data fully to improve the conversion value of data from BDI to products. For the
manufacturer, it should also use the consumer preference information fully to produce the
products needed by consumers. In addition, the decision makers can use the revenue sharing
contract to coordinate the supply chain, and then gain more benefits.

This paper only studies a three-stage supply chain system with on manufacturer, one Data
Company, and one retailer. In fact, a supply chain system is very complex, there are double
channel and multi-channel supply chain. Moreover, in a supply chain system, it contains
supplier, manufacturer, retailer, and the third party logistics, however, in this paper, only the
relationships among manufacturer, Data Company, and retailer are discussed. In addition,
supply chain members are assumed to be risk-neutral.

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

@ Springer



270 Ann Oper Res (2018) 270:255-271

Acknowledgements The authors thank the editors and anonymous referees who commented on this article.
The authors also thank Shu Ping Yi for his valuable comments and suggestions. This research was supported
by the Youth Science and Technology Talents Project of Chongging (No. cstc2014kjrc-qnrc00003).

Compliance with ethical standards

Conflict of interest The authors declare that there are no conflict of interest.

References

Akter, S., Wamba, S. F., Gunasekaran, A., Dubey, R., & Childe, S. J. (2016). How to improve firm performance
using big data analytics capability and business strategy alignment? International Journal of Production
Economics, 182, 113-131. https://doi.org/10.1016/].ijpe.2016.08.018.

Arunachalam, D., Kumar, N., & Kawalek, J. P. (2017). Understanding big data analytics capabilities in supply
chain management: Unravelling the issues, challenges and implications for practice. Transportation
Research Part E Logistics & Transportation Review. https://doi.org/10.1016/j.tre.2017.04.001.

Barton, D. C. D. (2012). Making advanced analytics work for you. Harvard Business Review, 90(78), 128.

Bi, Z., & Cochran, D. (2014). Big data analytics with applications. Journal of Management Analytics, 1(4),
249-265.

Bin, H. X., & Xin, Z. H. (2013). Build enterprise competitive intelligence system model based on Big Data.
Journal of Intelligence, 3, 37-43.

Bowie, N. E., & Jamal, K. (2006). Privacy rights on the internet: Self-regulation or government regulation?
Business Ethics Quarterly, 16(3), 323-342.

Cambria, E., Mazzocco, T., & Hussain, A. (2013). Application of multi-dimensional scaling and artificial
neural networks for biologically inspired opinion mining. Biologically Inspired Cognitive Architectures,
4, 41-53. https://doi.org/10.1016/j.bica.2013.02.003.

Chae, B. K., & Olson, D. L. (2013). Business analytics for supply chain: A dynamic-capabilities framework.
International Journal of Information Technology & Decision Making, 12(01), 9-26. https://doi.org/10.
1142/50219622013500016.

Cheng-Xia, W. U., Zhao, D. Z., & Pan, X. Y. (2016). Comparison on dynamic cooperation strategies of a
three-echelon supply chain involving big data service provider. Control & Decision, 31(7), 1169-1177.

Dutta, D., & Bose, I. (2015). Managing a big data project: The case of Ramco Cements Limited. International
Journal of Production Economics, 165, 293-306. https://doi.org/10.1016/j.ijpe.2014.12.032.

Fosso Wamba, S., Akter, S., Edwards, A., Chopin, G., & Gnanzou, D. (2015). How ‘big data’ can make
big impact: Findings from a systematic review and a longitudinal case study. International Journal of
Production Economics, 165, 234-246. https://doi.org/10.1016/j.ijpe.2014.12.031.

Gantz, J. R. D. (2011). Extracting value from Chaos. Idcemc2 Report

Gunasekaran, A., Papadopoulos, T., Dubey, R., Wamba, S. F., Childe, S. J., Hazen, B., et al. (2016). Big data
and predictive analytics for supply chain and organizational performance. Journal of Business Research,.
https://doi.org/10.1016/j.jbusres.2016.08.004.

Hazen, B. T., Boone, C. A., Ezell, J. D., & Jones-Farmer, L. A. (2014). 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, 154, 72-80. https://doi.org/
10.1016/j.ijpe.2014.04.018.

Hofmann, E. (2017). Big data and supply chain decisions: The impact of volume, variety and velocity properties
on the bullwhip effect. International Journal of Production Research, 55(17), 5108-5126.

Janssen, M., van der Voort, H., & Wahyudi, A. (2016). Factors influencing big data decision-making quality.
Journal of Business Research,. https://doi.org/10.1016/j.jbusres.2016.08.007.

Kache, F., & Seuring, S. (2017). Challenges and opportunities of digital information at the intersection of
Big Data analytics and supply chain management. International Journal of Operations & Production
Management, 37(1), 10-36.

Kaur, H., & Singh, S. P. (2017). Heuristic modeling for sustainable procurement and logistics in a supply chain
using Big Data. Computers & Operations Research, online

Lamba, K., & Singh, S. P. (2016). Big Data analytics in supply chain management: Some conceptual frame-
works. International Journal of Automation and Logistics, 2(4), 279-285.

Lamba, K., & Singh, S. P. (2017). Big data in operations and supply chain management: Current trends and
future perspectives. Production Planning & Control, 28(11-12), 877-890.

@ Springer


https://doi.org/10.1016/j.ijpe.2016.08.018
https://doi.org/10.1016/j.tre.2017.04.001
https://doi.org/10.1016/j.bica.2013.02.003
https://doi.org/10.1142/S0219622013500016
https://doi.org/10.1142/S0219622013500016
https://doi.org/10.1016/j.ijpe.2014.12.032
https://doi.org/10.1016/j.ijpe.2014.12.031
https://doi.org/10.1016/j.jbusres.2016.08.004
https://doi.org/10.1016/j.ijpe.2014.04.018
https://doi.org/10.1016/j.ijpe.2014.04.018
https://doi.org/10.1016/j.jbusres.2016.08.007

Ann Oper Res (2018) 270:255-271 271

Li, J., Shi, H., & Management, S. O. (2014). Study on competitive intelligence system in the remanufacturing
closed-loop supply chain models with Big Data. Library & Information Service, 58(2), 96—101.

Li, G., Mao, H., & Xiao, L. (2017). Impacts of leader—follower structure on pricing and production strategies
in a decentralized assembly system. Asia-Pacific Journal of Operational Research, 34(01), 733-734.

Liu, P, & Yi, S. P. (2017). A study on supply chain investment decision-making and coordination in the Big
Data environment. Annals of Operations Research. https://doi.org/10.1007/s10479-017-2424-4.

Liu, P, & Yi, S. P. (2016). Investment decision-making and coordination of supply chain: A new research in
the Big Data era. Discrete Dynamics in Nature and Society, 3, 1-10.

Li, D., & Wang, X. (2017). Dynamic supply chain decisions based on networked sensor data: An application
in the chilled food retail chain. International Journal of Production Research, 55(17), 5127-5141.
McAfee, A., & Brynjolfsson, E. (2012). Big Data: The management revolution. Harvard Business Review,

10(90), 68-128.

Mishra, N., & Singh, A. (2016). Use of twitter data for waste minimisation in beef supply chain. Annals of
Operations Research. https://doi.org/10.1007/s10479-016-2303-4.

Nguyen, T., Zhou, L., Spiegler, V., Ieromonachou, P., & Lin, Y. (2017). Big data analytics in supply chain
management: A state-of-the-art literature review. Computers & Operations Research. https://doi.org/10.
1016/j.co0r.2017.07.004

Olama, M. M., Mcnair, A. W., Sukumar, S. R., & Nutaro, J. J. (2014). A qualitative readiness-requirements
assessment model for enterprise big-data infrastructure investment (Vol. 9122, pp. 91220E). International
Society for Optics and Photonics

Sanders, N. R. (2015). Big Data driven supply chain management. Beijing: China Ren Min University Press.

See-To, E. W. K., & Ngai, E. W. T. (2016). Customer reviews for demand distribution and sales nowcasting:
A big data approach. Annals of Operations Research, online, 1-17

Shen, B., & Chan, H. L. (2017). Forecast information sharing for managing supply chains in the Big Data
era: Recent development and future research. Asia-Pacific Journal of Operational Research, 34(01),
136-144.

Shi, H., & Li, J. (2015). effect of private information leakage on competition relationship among supply chain
enterprises in Big Data era. Journal of the China Society for Scientific andTechnical Information, 1(2015),
53-65.

Singh, A. K., Subramanian, N., Pawar, K. S., & Bai, R. (2016). Cold chain configuration design: location-
allocation decision-making using coordination, value deterioration, and big data approximation. Annals
of Operations Research, online, 1-25

Tambe, P. (2014). Big Data investment, skills, and firm value. Management Science, 60(6SI), 1452—-1469.
https://doi.org/10.1287/mnsc.2014.1899.

Tan, K. H., Zhan, Y., Ji, G., Ye, F.,, & Chang, C. (2015). Harvesting big data to enhance supply chain innovation
capabilities: An analytic infrastructure based on deduction graph. International Journal of Production
Economics, 165, 223-233. https://doi.org/10.1016/].ijpe.2014.12.034.

Trkman, P., McCormack, K., de Oliveira, M. P. V., & Ladeira, M. B. (2010). The impact of business analytics
on supply chain performance. Decision Support Systems, 49(3), 318-327. https://doi.org/10.1016/j.dss.
2010.03.007.

Waller, M. A., & Fawcett, S. E. (2013). Data science, predictive analytics, and Big Data: A revolution that
will transform supply chain design and management. Journal of Business Logistics, 2(32), 77-84.
Wamba, S. F., Gunasekaran, A., Akter, S., Ren, S. J., Dubey, R., & Childe, S. J. (2016). Big data analytics
and firm performance: Effects of dynamic capabilities. Journal of Business Research,. https://doi.org/

10.1016/j.jbusres.2016.08.009.

Wen-Lian, L. L., & Xia, J. M. (2013). Business Model Innovation Based on “Big Data”. China Industrial
Economics

Wu, K. J, Liao, C. J., Tseng, M. L., Ming, K. L., Hu, J., & Tan, K. (2017). Toward sustainability: Using
big data to explore the decisive attributes of supply chain risks and uncertainties. Journal of Cleaner
Production, 142, 663-676.

Xuelong, L. I., & Gong, H. G. (2015). A survey on big data systems. Scientia Sinica Informationis, 45(1), 1.

Zhao, R., Liu, Y., Zhang, N., & Huang, T. (2017). An optimization model for green supply chain management
by using a big data analytic approach. Journal of Cleaner Production, 142(2), 1085-1097.

@ Springer


https://doi.org/10.1007/s10479-017-2424-4
https://doi.org/10.1007/s10479-016-2303-4
https://doi.org/10.1016/j.cor.2017.07.004
https://doi.org/10.1016/j.cor.2017.07.004
https://doi.org/10.1287/mnsc.2014.1899
https://doi.org/10.1016/j.ijpe.2014.12.034
https://doi.org/10.1016/j.dss.2010.03.007
https://doi.org/10.1016/j.dss.2010.03.007
https://doi.org/10.1016/j.jbusres.2016.08.009
https://doi.org/10.1016/j.jbusres.2016.08.009

	Investment decision-making and coordination of a three-stage supply chain considering Data Company in the Big Data era
	Abstract
	1 Introduction
	2 Literature review
	2.1 Significance of Data Company in supply chain
	2.2 Big Data and supply chain management

	3 Model establishment
	3.1 Variables and Parameters
	3.2 Demand function and model assumptions
	3.2.1 Demand function
	3.2.2 Model assumptions


	4 Investment decision-making and coordination of supply chain
	4.1 Decentralized model
	4.1.1 ND model
	4.1.2 D model
	4.1.3 Investment decision in the decentralized model

	4.2 Centralized model
	4.2.1 NC model
	4.2.2 C model
	4.2.3 Investment decision in the centralized model.

	4.3 Supply chain coordination

	5 Numerical simulation
	6 Discussion
	7 Conclusions
	Acknowledgements
	References




