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Abstract. To study the impacts of private information leakage on co-opetition relationships in a
data-driven closed-loop supply chain in the Big Data era, firstly, we analyzed the importance of
a Data Company in a supply chain in the new background. Then, we analyzed and built a new
structure of the closed-loop supply chain with one central enterprise, one retailer, one Data
Company, one third-party logistics and some scattered remanufacturers. Next, we considered
private information leakage, and three new competition models of the closed-loop supply chain
were constructed. Then, the optimal profit, optimal price, and competitive advantages of
different competitors in the three new models were analyzed and compared. Findings: in the Big
Data environment, the acquisition cost of private information, the logistics cost and the
wholesale price affect the co-opetition relationship of the data-driven closed-loop supply chain.
The acquisition cost decides who will win the competition. Finally, conclusions were verified by
a numerical model.

Keywords: big data, cost improvement, supply chain coordination, supply chain management

1 Introduction

With the exhaustion of natural resources and energy sources as well as the crisis in environment,
recycling products get more and more attention. To save resources and protect the environment, many
countries have enforced environment legislation to producers, and these organizations request that
producers should be responsible for the production of the entire product life cycle. Taking into account
the economic benefits, more and more companies aware of the value of the recycled products and
concern about the recycling business.

Meanwhile, with the popularity of the Internet and the rapid development of the Internet of Things
(IoT) and the Cloud, global data are increasing rapidly. According to the prediction of International Data
Corporation (IDC), global data would reach 35ZB by 2020 [1]. Meanwhile, the development of Cloud
and virtual storage would make the storage cost of Big Data reduce [2-3]. All of these are an opportunity
for the application and development of Big Data. The era of Big Data has arrived. However, in this era,
information leakage become also easier. The exclusive control of supply chain members on closed-loop
supply chain information gradually weakens, and competitors can obtain private information through Big
Data technologies, which will help them gain a competitive advantage. These conditions may lead to a
change of co-opetition relationships among supply chain members, thus, in this paper, the change rules
will be analyzed and discussed.

Although, many studies have done this work, most focused on qualitative research, such as concepts

* Corresponding Author

176



Journal of Computers Vol. 30 No. 3, 2019

and characteristics. Researchers rarely used a mathematical model to analyze the co-opetition
relationships. Therefore, in this paper, we explain that supply chain enters the data-driven era and a Data
Company as a “power center” holds an important position in the supply chain first. Then, based on this
condition (i.e., there is a “power center” in the data-driven closed-loop supply chain), we discuss the
impacts of private intelligence leakage (PIL) on supply chain members’ co-opetition relationships.

The main contributions of this study were that (1) a new data-driven closed-loop supply chain model
was proposed, and then three competition supply chain models were put forward in the Big Data
background. (2) In addition, we also discussed the impacts of PIL on the data-driven closed-loop supply
chain co-opetition relationships from an information competition aspect.

Aims of this paper is to analyze the entrance conditions of the used product market and the
relationships between profits of closed-loop supply chain members and the acquisition cost of private
information. For the data-driven closed-loop supply chain members, the results will provide a theoretical
guidance to gain victory in the competition process, meanwhile, it will also help governments supervise
and guide the development of closed-loop supply chain enterprises.

2 Research Status of PIL in the Big Data Background

Competitive intelligence was divided into partner intelligence, technical intelligence and market
intelligence [4], and technical intelligence and market intelligence were often categorized as private
information, which could enhance the productivity and profit of a company [5].

In the Big Data background, data have been called the indispensable raw materials of information
economy [6] and have penetrated into every industry [7]. However, the open storage of data meant that
user behavior left a “data footprint”, and that competitors could easily collect all types of public and legal
data [8], which would help them to understand their competitors well.

To prevent PIL, scholars have studied anti-competitive intelligence systems [5, 9-10]. However, in the
Big Data environment, open cyberspace makes Big Data acquisition easier. For example, in the current
era (i.e., Big Data became enterprises’ means to gain competitiveness and profit [11-12]), to obtain
greater profits, a large number of intelligent devices can be used. If the generate data spreads into
cyberspace, the risk of PIL would increase [13]. At the same time, employees brought their own mobile
devices into factories, which will cause problems to enterprise in controlling their private information
[14]. To reduce the cost spending on data runs and storage, enterprises store their large data in the Cloud,
which increases the risk of PIL. Meanwhile, a Data Company sees data as a commodity [15-16].
However, currently, regulations about Big Data are not sound, and the information sold by a Data
Company may include private information.

In the Big Data environment, PIL problems are also discussed in the area of supply chain management.
But, most of them focus on the qualitative researches and the quantitative researches are few.

In qualitative researches, many studies analyzed the current situations of consumer PIL and the
protection method of private information. Reasons of consumer information leakage main come from two
aspects: (1) to get the benefits from organization or other persons, consumers will leak themselves
information actively [17-18]. (2) Consumers leak themselves information passively. It main includes that
the third-party consumer database platform or corporate disclosure consumer privacy information [19]. In
addition, some researchers discussed the current problems of consumer private information protection,
meanwhile, some constructive advices were put forward to enhace the private information protection [20-
21]. Consumer private information is the market demand information and manufacturer’s private
information, and its leakage will bring negative effects to enterprise and supply chain.

In quantitative researches, Shi et al. studied the impacts of PIL on competition relationships based on a
closed-loop supply chain [8]. Meanwhile, a data-driven mass customization supply chain was analyzed in
this paper. Moreover, his cooperator proposed an anti-competitive intelligence system to prevent
information leakage in the Big Data environment [5]. However, they did not consider the important
position of a Data Company in a supply chain, and enterprises that have poor IT departments may not
utilize Big Data effectively if they do not have Data Services Company. Afterward, Liu & Yi also
discussed the effects of PIL on co-opetition based on an Data-driven supply chain [22], however, the co-
opetition relationship they discussed is based on a retail market, moreover, they did not discuss the
effects of PIL on co-opetition based on a data-driven closed-loop supply chain.

Therefore, in the next section, we will analyze the important of a data company in a data-driven
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closed-loop supply chain. Meanwhile, we will analyze the development of the closed-loop supply chain
in the Big Data era.

3 The Importance of Data and a Data Corporation in the Supply Chain in the Big Data
Background

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.

Data Company is demanded because of Big Data’s “4V” features. The “4V” characters (i.e., Volume,
Variety, Velocity and Value) [23-24] of Big Data are widely quoted. These characteristics bring new
challenges for obtaining information.

Firstly, large amounts of data are difficult for IT departments to use well. According to the IDC, by
2020, the amount of global digital information will be 44 times greater than that of today [25]. A
traditional enterprise’s IT organization does not have the ability to collect, store and process these data.
Secondly, most of the data (such as commercial trading information, web page information, etc.) was
unstructured [26]. Facing the rapid updating and unstructured data, the IT department of a traditional
enterprise does not have enough handling capacity [15]. Finally, to mine the potential value of Big Data,
professional IT companies needed to screen using professional Big Data technologies [5].

Data Quality and Privacy Protection need a Professional Data Company. The quality of data would
affect the use of Big Data [27]; therefore, the data quality of the supply chain would affect supply chain
members’ usage of Big Data [28]. 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 would lead to the inauthenticity of the data source [15].
According to a survey from the United States in 2008, to protect private information and obtain
personalized service, 72% of people provided enterprises with incomplete information. Bowid found that
companies that protected users’ privacy information were considered to be trustworthy [29]; therefore,
the users were more willing to provide personal information. The professional Data Company has
advantages in obtaining Big Data compared with the IT departments of traditional enterprises.

4 Development of the Closed-loop Supply Chain Model in a Big Data Environment

Data-driven ideology purports that a system’s various desired functions (e.g., prediction, evaluation,
scheduling, monitoring, and optimization.) can be achieved by using the system’s online or offline data
[29], thus that a closed-loop supply chain system’s various desired functions (e.g., prediction, evaluation,
scheduling, monitoring, and optimization) can be obtained by using the system’s online or offline data. In
the Big Data background, some practices proved that using Big Data could improve corporate
management and operations [5]. In addition, using Big Data could reduce remanufacturing costs [30].
Therefore, in foreign countries, many enterprises, such as, Kroger, Overstock.com, and so on, have used
Big Data [28]. In China, there were also some companies, such as No.1 Store, that had undertaken a data-
driven ideology to manage their supply chain [31]. In addition, Waller et al. hypothesized that Big Data
would affect the design and management of the supply chain [13], therefore, the ideology of the data-
driven supply chain was proposed [30, 32]. In the Big Data background, the closed-loop supply chain
also will enter the data-driven era.

With the improvement of living standards, consumers’ heterogeneity demand is increasing, and an
individualized demand market is forming. This would lead to the traditional closed-loop supply chain
gradually becoming a mass customization supply chain [5]. Compared with the traditional supply chain
which focuses on product flow and cash flow, a mass customized supply chain is a demand-pull supply
chain and focuses more on information flow [33]. The characteristics of Big Data can meet the demand
of mass customization on consumers’ accurate and timely information, and the development of Big Data
technology can offer effective means to extract heterogeneity preferences of consumers. This will shift
the supply chain from product “push” mode to the consumer demand data “pull” mode.

Based on the aforementioned analyses, in this paper, we thought, in the Big Data environment, the
traditional supply chain will become a data-driven mass customized supply chain. In the supply chain, a
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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
remanufacturers (SRM) [5, 34]. CE is responsible for dispatching materials, obtaining information, and
completing the final product to deploy SRM. Third-party logistics (TPL) are responsible for transport
merchandise. The development of the traditional supply chain composed of one remanufacturer and one
retailer under the Big Data era is shown in Fig. 1.
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Fig. 1. The development of the closed-loop supply chain in a Big Data background (OM)

4.1 Redevelopment of OM Model in a Big Data Environment

In the Big Data background, enterprises’ private information was seen as a competitive resource [35]. If
members in the closed-loop supply chain obtain this information, they can enter the monopolized portion
of the supply chain, and break the balance of the original supply chain. In the new environment, the PIL
of the enterprise is likely to cause changes of the closed-loop supply chain structure. Models of the Third
Party Logistics (TPL), CE, and ISC competing with original retailer (OR) are shown in Fig. 2, Fig. 3, and
Fig. 4.
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Fig. 2. Model of TPL participating in competition (TPL)
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Fig. 3. Model of CE participating in competition (RE)
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Fig. 4. Model of ISC participating in competition (IS)

4.2 Model Building

4.2.1

9

180

Variables and Parameters

is the industry cost improvement coefficient. by analyzing the internal Big Data and the external
Big Data of an enterprise, we can get the related BDI, and then use it to obtain the enterprise’s cost
improvement. We assume that the optimization coefficient is 4 and $<[0,1].

is the acquisition cost. Here, x is equal to i or o. ¢, represents the acquisition cost of CE internal
information, and ¢, represents the cost spent on obtaining consumer information.

is the wholesale price of OR.

is the retail price of competitors under model i, and i is equal to TPL, RE or IS. The model of
TPL participating in competition is called TPL model, and the model of CE participating in
competition is called RE model, and the model of ISC participating in competition is called IS
model.

is the retail price of the original competitors under model i .

is the acquisition cost ratio that CE spends to obtain consumer information from consumers. Here,
ke [0,1] .

is the market demand of competitors under model i .
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is the market demand of original competitors under model i .
m, is the revenue of j under model i, and j is equal to O or N. r,, represents revenues of original

competitors under model i, and 7,, stands for the revenues of competitors under model i .

Ar, is the revenue differences between competitors and original competitors under model i .

F is the retail price differences between competitors and original competitors under model i .

Az, is the revenue differences among competitors, 7 is equal to 1, 2 or 3. Az, represents the revenue
difference between ISC and CE. Az, stands for the revenue difference between ISC and TPL. A,

expresses the revenue difference between CE and TPL.
Ap, Retail price differences among competitors. AF; represents the retail price difference between ISC

and CE. AF, stands for the retail price difference between ISC and SRMo.. AF; expresses the retail

price difference between CE and SRMa.
C  is the logistics costs.

4.2.2 Demand Function and Model Assumptions

Demand function. To react to consumers’ heterogeneity preferences, a standard Hotelling model was
adopted. We assume that consumers are distributed in the 0-1 line uniformly and that the total market
demand is “1” unit. In addition, one consumer purchases up to “1” unit of the product. We assume that
the original competitor is 1, the competitor is 0, the unit transportation cost is ¢, and # reflects consumer
preference. Demand functions of the original competitors and competitors are

t+p,—p.
D”(pilﬂpiz)z%

t—p,+p,
Di2(pi19p[2)=%

Model assumptions.

(a) The closed-loop supply chain is composed of a plurality of SRM, one CE, one ISC, one retailer and
end consumers.

(b) Using Big Data intelligence optimizes the remanufacturing production process; therefore, we
assume that the optimizing coefficient of the remanufacturing production cost is 4 consistently and that
it is not affected by the handler. Therefore, under models of DM, RE, and IS, the wholesale price can be
optimized and become 9w . The acquisition cost that OR spends on consumer information is Jc,, as is

ISC.

(c) There are two methods to obtain consumer information: one is from ISC and the other is from
consumers. Because the two methods have advantages and disadvantages, we assume that a competitor
obtains some information from ISC and other information from consumers, and the sum of the cost of

obtaining consumer information is ¢, , regardless of which methods are adopted. CE’s private

information is obtained from CE directly.
(d) The closed-loop supply chain members are totally rational and risk neutral. The competitors’ goods
are not obviously different on quality.

5 Effects of PIL on Co-opetition Relationship of Closed-loop Supply Chain

5.1 TPL Model

Take literatures [36] as an example, in the original model, logistics enterprises directly contact with
remanufacturers and consumers, which give them an opportunity to obtain information of
remanufacturers and consumers. In the Big Data era, TPL may be not satisfied with the transportation
costs given by other participants. it will bypass CE and OR and obtain information of consumer and CE
actively, and then sell products to consumers, as shown in Fig. 2. This leads to TPL as a latecomer
participating in competition, which will form the TPL model. The profit functions of TPL and OR are
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maxrz,, = [pil —w— ¢ —C,— SC]DH (pil ’pi2) 5

i=TPL
T o =(pl.2 —de, _W_C)Diz (pil’piZ) :

Conclusion 1 If ( maxrz, ,maxr, ) is a differentiable function with respect to p, and p,, and
i=TPL i=TPL

( Provi» Props ) is the optimal prices of TPL and OR, respectively. (H;PLN,E;PLO) stands for the optimal

revenues of TPL and OR, respectively. Therefore,

. (29+1)(w+C)+2(¢, +¢,)+ ¢, +31

Preri =
3 )
. (3+2)(w+C)+c, +c, +29¢, +3t
Prpro =
3
. [(1-9)(Crw—c,)—c +3(]
Trpiy = 18
(2)
. M(1-9)(c, -C—-w)+c, +31]
Trpro = 18

Proof 0(7w,,)/(0P1py1) =t(Prpsy = 2Pppy +1+C, + ¢, + 9w+ 9C) )2, (7, )/0(Pypr,)’ =—t, therefore,
there is a py,,, that makes TPL’s revenue maximize. 0(70)/(OPrpyn) = H(2Ppp2 + Py +1+3¢, +w+C)/2,

62(7ZTPLO)/8(p,H,L2)2 =—t, therefore, there is a p,,, that maximizes the benefit of OR. Through

calculating we got formulas (1) and (2).
Conclusion 2 Under the TPL model, if ¢, >(1-9)(¢, —w—C) and w<c,—C, TPL will acquire more

benefits than OR, and TPL’s retail price will also be lower than OR’s retail price.
Proof As Az, =7, — ﬂ;PL():[ZtZ (w+C=c,)(1-9)+¢, )/3] >0, ¢,>(1-8)(c, -w—C). Because

¢, >0, 0<1-9<1, therefore, w<c, —C. Fyp, = Proyi = Prova 2((1_‘9)(% —w—C)+cl.)/3, at this time,

Drpiy < Prpr> - QED.
Conclusion 2 indicates that if TPL wants to enter the retail market and obtains more benefits than OR,
the cost of TPL spending to obtain consumer information must be lower than the wholesale price. What’s

more, ¢; must be more than (1-9)(c, —w—C). Otherwise, TPL will suffer serious losses because of the

high entry condition. If TPL can meet the competitive conditions when it enters the market, OR will face
the risk of being squeezed span.

5.2 RE Model

In the original model, CE may be dissatisfied with the delay of consumer information supplied by OR.
To enhance their competitive advantage, CE will obtain initially consumer information, and sell products
to consumers, as shown in Fig. 3. As a result, CE becomes a latecomer participating in this competition,
which will form an RE model. Such as, Lenovo and Xiaomi, which have their own stores.

Profit functions of CE and OR are

I}Eﬁ?”w zl:pil —dw—c, (1_h)_hco _C]Dil (pil’pi2) ;
max 7o :(pi2 —dc, _W_C)Dz‘Z (pil’piZ)'

Conclusion 3 If ( maxr, ,maxr, ) is a differentiable function with respect to p, and p,,, and
i=RE i=RE

( Prers Prea ) 18 the optimal prices of CE and OR, respectively. Then (77,7 xz,) stands for the optimal
revenues of CE and OR, respectively. Here,
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. (1+29)w+(2+9)c,

DPrei = +t+C
3 3)
. 2+ 9)w+(1+29)c,
Priy = +t+C
3
. t[(1—|9)(v1/—c0)+.°at]2
Treny =
18 )
. t[(l—S)(co —w)+3t]2
Treo =

18

Proof O(74.y)/(0prer) = t(pmsz —2pgp +iHC, +Hw C)/2 and 0 (7 )/a(pREl)z =—t , therefore,
Prpy maximizes CE’s  revenue.  O(7pu0)/(0Ppsy) =1(—2Ppes + Prgy +1+9¢, +w+C)/2  and

O (T pep) / O(ppp,)’ =t , therefore, p,., maximizes the benefit of OR. By calculating we got formulas (3)
and (4).

Conclusion 4 Under the RE model, if the cost to obtain consumer information is higher than the
wholesale price (i.e., ¢, <w), RE participating in this competition will acquire more benefits than OR.

CE owns a lower retail price than OR.
Proof Ay, =y — Trpo=21"(w—c,)(1-9)/3>0, therefore, ¢, <w. Fy, = pr — s =(c, —w)(1-9)/3,
at this moment, p,,, < Prs, - QED.

Conclusion 4 shows that if CE wants to access to the market, then its cost to obtain consumer
information should be higher than the wholesale price; otherwise, CE will fail because of the high entry
condition. If the mentioned conditions can be met, CE will have more advantages than OR. If OR does

not take any measures, it will face the risk of being squeezed span and the direct selling model of RE will
finally take shape.

5.3 IS Model

In the original model, ISC may be dissatisfied with the benefits of obtaining sale information. It may
bypass CE and cooperate with SRM, and then sell products to consumers. As shown in Fig. 4, the IS
model will form. A real world example of this model is that BaiDu invests in QiJia net [37] and enters
the e-commerce industry.
Profit functions of ISC and OR are
max 7y = (pil —dw—c, ¢, - C)Dil (pil ’pi2) ,
1’2?}13( Tip = (piz - ‘9Co - W_)DiZ (pil »Pin ) .

Conclusion 5 If (masx;rw,masx;rio) is a differentiable function with respect to p, and p,,, and
i=1 i=1

(Prsi» Prs, ) is the optimal prices of ISC and OR, respectively. (7, ,7,s,) Stands for the optimal revenues
of ISC and OR, respectively.

. (1+28)w+ 2¢,

P =——————+39c, +t+C
3 5)
. (2+19)w+ci
Disy = 3 +9c¢, +t+C
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- ($-1)w+c, -3

ISN — 18 (6)
. H($-D)wc, +31)°
Tiso = 18

Proof 0(1,5,)/(@ps))=1(Piss = 2P +1+ 8¢, +¢,+9w+C)/2 and 0°(m,5y)/0(pss)” =—t, therefore,
there is a p, which can make ISC’s revenue maximize. (7, )/(0p,) =1(—2ps5, + Py +1+9¢, +w+C)/2
and (7, )/ O(p;,)’ =—t , therefore, p,, maximize OR’s benefit. Through calculating we get

formulas (5) and (6).
Conclusion 6 Under the IS model, if (1—9) times the wholesale price is more than the cost spending on

obtaining CE internal information, ISC will acquire more benefits than OR. Moreover, ISC will have a
lower retail price than OR.

Proof Az =7, — 75, = [Zt (w(1-9)- /3]>0 and [c,/(1-9)1<w. Fy=py—ps=(c —(1—8)w)/3,
therefore, pg, < P, » QED.
Conclusion 6 demonstrates that if (1—8) times the wholesale price is less than the cost to get CE

internal information, ISC will keep the original partnership. On the contrary, ISC will enter the market to
get more profits. If OR does not take any measures, it will face the risk of being squeezed span,
ultimately, the closed-loop supply chain centering on ISC will form.

5.4 Comparison of the Three Competition Models

In this section, we provide a comparison analysis of the optimal prices and revenues among competitors.
Assume that Ap, (r = 1,2,3) represents the retail price differences among competitors, and

Ar, (r=1,2,3) expresses the profit differences among competitors. Ap, = pys, — pry, =2[c, —(1-9)c / 3,
and A7z, =Aryy, — Aty = tc, —c, (1—19)[((:0 -2w)(1-9)+¢, —6t]/18t R (1—3 C-c,)/3,
and Am, = A7y — Ay, =t(c, —C)(I—S)[(Zw—co +C)(1-0)-2c, +6t:|/18t . APy = Prpt — Preiy
=2[C(1-9)—c, |/3. and Am, = Ay, —Amyyy, =t[c,—C(1-9) ][ (2w—2¢, + C)(1-9) —c, + 61 ] /18t .
When we combine of conclusions 2, 5 and 6, we got conclusion 7.
Conclusion 7 If (1-9)C<c, can be met, pp, <pu <Prpy and Amg >Amg > Ay, . If
¢,>(1=9)c,, Py < Prppy < Prey ad ATty > Aty > Aty If ¢, =(1=9)C, prpyy = Prpy < Prsy and
ATty < ATtpey = ATty -

Conclusion 7 indicates that if ¢, = (1 - S)C, competitors (i.e., TPL and CE) from model TPL and RE

own the equal retail price and benefit. What’s more, they have a lower retail price than competitor (i.e.,
ISC), and have a higher profit than ISC. With the continuous development, TPL and CE will replace OR,
eventually the closed-loop supply chain system that is focused on TPL and CE will form.

When ¢, >(1 —3)0 competitor (i.e., ISC) from model IS owns a higher benefit and a lower retail
price than other competitors (i.e., CE and TPL). Under this condition, if ISC enters this market, it will
obtain more advantages compared with CE and TPL. Following the development, ISC will replace OR,
and eventually a closed-loop supply chain system that is fcused on ISC will form.

When ¢, < (1 —S)C , competitor (i.e., CE) from model RE owns a higher benefit and a lower retail

0°

price than other competitors (i.e., ISC and TPL). Thus, entering this market, it will have a higher
competitiveness. Through the continuous development, a closed-loop supply chain system that centers on
CE will take shape.

In summary, in the context of Big Data, scramble information may lead to the competition relationship
change, which may cause a change of closed-loop supply chain structure, and this structure change is
closely related to the acquisition costs of private information and logistics costs. This finding is important
for government to implement supervision and guidance. For instance, the flattening trend of closed-loop
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supply chain can reduce the retail price, and which has a positive effect on stimulating market, but has a
negative effect on creating jobs. Under this condition, government can prevent or slow down this
flattening trend through controlling the acquisition cost of private intelligence or establishing a unified
data “power center” to control the threshold to obtain private information, and implement a rational
macro-control when facing different market conditions.

6 Numerical Analysis

To test the validity of the conclusions mentioned above and further investigate the effects of cost
parameters’ change on the closed-loop supply chain structure, a numerical simulation analysis method
was used. Reference [38]. Let $=10.65,¢=0.1.

(1) In this section, effects of parameters (i.e., w, c,, ¢;, C) on the retail price differences and benefit
differences between competitors and OR will be analyzed under the models of TPL, RE and IS. Under
the TPL model, the change trends of Ax,, and Fj, are shown in Fig. 5. X-axis represents the
acquisition cost of TPL internal information, and Y-axis indicates the difference between the wholesale
price and the cost investing in obtaining consumer information, and Z-axis expresses the differences of
decision variables (i.e., the optimal profits or retail prices). Based on Fig. 5, we get that if
(¢, —w—=C)(1-9)<c,, TPL has a higher profit than OR, moreover, it has a lower retail price than OR.

Here, TPL will own more advantages if it chooses to enter market. When (¢, —w—C)(1-9)>¢,, if TPL
enters the market, it will face failure because of less advantages. When (¢, —-w-C)(1-39)=c,, the

competitive strength of TPL and OR is equal. If the market is more mature, it is difficult for TPL to enter
the market. If the market is immaturity, TPL may share the market together with OR. Conclusion 2 was
proved.

Fig. 5. Differences of profits and retail price under the TPL model

Under the RE model, the change trends of Az,, and F,, are shown in Fig. 6. X-axis represents the
acquisition cost of consumer information, and Y-axis indicates the wholesale price, and Z-axis expresses
the differences of decision variables (i.e., the optimal profits or retail prices). From Fig. 6, we can know
that if w>c,, CE has a higher benefit than OR, what’s more, its retail price is lower than OR’s retail
price. At this time, CE will own more advantages if it chooses to enter the market. When w<c,, CE will
not have enough competitiveness, and entering the retail market will make CE face huge losses. When
w=c,, the competitive strength of CE and OR is equal. Conclusion 4 was confirmed.
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Fig. 6. Differences of profits or retail prices under the RE model

Under the IS model, the change trends of Ax, and Fj; are shown in Fig. 7. X-axis represents the
acquisition cost of CE internal information, and Y-axis indicates the wholesale price, and Z-axis
expresses the differences of the profits or the retail prices. Fig. 7 demonstrates that when w(l - 3) >c,

ISC will have a higher revenue and a lower retail price compared with OR. Here, if ISC enters the market,
it will have a higher competitiveness. When w(l—.9) <c¢,, it is not appropriate for ISC to enter the

market. When w(1- 3) =¢,, ISC and OR have an equal competitiveness, whether it is suitable for ISC to
enter the market or not, which depends on the market maturity. Conclusion 6 was confirmed.
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Fig. 7. Differences of profits or retail prices under the IS model

(2) Under the models of TPL, RE and IS, effects of cost parameters (i.e., w, ¢, , ¢;, C) on the retail
price differences and benefit differences among competitors will be analyzed in this section. The change
trends of Ap, (r = 1,2,3) are shown in Fig. 8. X-axis represents the cost spending on getting consumer

information, and Y-axis indicates the cost investing in getting CE internal information, and Z-axis
expresses the differences of the retail price among competitors. Based on Fig. 8(a), we can get that if
¢, >(1-9)c,, CE will own a lower retail price than ISC. If ¢, <(1-9)c,, CE will have a higher retail
price than ISC. If ¢, = (1-9)c, , the retail prices of ISC and CE are equal.

Based on Fig. 8(b) and conclusion 2, we can learn that ISC has a lower retail price than TPL. Namely,
under the Big Data background, if TPL and ISC have participated in the retail market competition, ISC
will have more competitive advantages.

From Fig. 8(c), we can know that if c, <(1 —.9)C , TPL will have a lower retail price than CE. If

¢,>(1-9)C, TPL will have a higher retail price than CE. If ¢, =(1-&)C, the retail prices of TPL and
CE are equal.
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Through analyzing, we can get that if (1-9)C <c,, Pret < Prsi < Prpuy» and based on the expressions
of Ar,

REN >

5

Ay, and Az, , we can get Ay, > A7, >Axy,, . Similarly, we can get that if
¢,>(1-9)c,, and  py < prpyy < Pres and Az > Amp, > Amy,. If ¢ =(1-9)C, and

* * * * * * .
Prpry = Prer < Pis1» and Az, < Amrp,, = Ay, . In summary, conclusion 7 was confirmed.

7 Conclusions and Significances

7.1 Conclusions

In the Big Data background, through analyzing the importance of a Data Company in a closed-loop
supply chain, the original model of the closed-loop supply chain is constructed. Then, in the case of PIL,
three competing models were built. Through analyzing we found:

(1) Under the TPL model, if (1—8) times differences between the prices (i.e., wholesale price,

Logistics Prices) and the cost spending to get consumer information are lower than the cost investing in
getting CE internal information (i.e., ¢, >(1—-&)(c, —w—C)), TPL will own a higher competitiveness

than OR.
(2) Under the RE model, if the wholesale price is higher than the cost spending to obtain consumer
information (i.e., ¢, <w), CE will have a higher competitiveness than OR.

(3) Under the IS model, if (1 - S)times the wholesale price is higher than the acquisition costs of CE
internal information (i.e., ¢, < (1 —9)w), ISC will get a higher competitiveness than OR.

These results suggest that the relationships among the wholesale price, the acquisition costs of
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consumer information and CE internal information determine that which competitors are suitable to enter
the market. It also indicates that who enters the market can achieve more advantages.
(4) When (1-9) times the logistics costs are lower than the costs investing in getting CE internal

intelligence, TPL will have the strongest competitiveness in all competitors.
(5) When (1-9) times the costs spending on getting consumer information are lower than the costs

investing in getting CE internal intelligence, CE will have the strongest competitiveness in all
competitors.
(6) When (1-9) times the logistics costs and the costs investing in getting CE internal information are

equal, CE and TPL will have equal competitiveness, and it is stronger than the competitiveness of ISC.
The findings mentioned indicate that the relationships between the cost spending on obtaining private

information and the logistics costs determine that which competitors will obtain the strongest

competitiveness in all competitors. It also expresses that who will achieve the ultimate victory.

7.2 Practical Significance

In the Big Data era, PIL may lead to changes of co-opetition relationships among closed-loop supply
chain members, which may cause the changes of closed-loop supply chain structure, and these changes
are closely related to the acquisition costs of consumer information and CE information. This finding is
important for government to implement the supervision and guidance. Next, we will give some advices
for government to guide the market.

(1) The life necessities market (e.g., edible oil market) is related to people’s livelihood, and the price
of life necessities needs to remain stable. If competitors achieve competitiveness by gaining private
intelligence, then the closed-loop supply chain may become unstable. To against this, the government can
maintain the stability of the closed-loop supply chain by establishing a unified data “power center” to
control the acquisition threshold of private intelligence.

(2) A multi-level closed-loop supply chain can absorb more labor, and a new industry (e.g., Big Data
Industry) may be able to increase the stages of the closed-loop supply chain and create more jobs.
Therefore, in the Big Data environment, the government can maintain the multi-level nature of the
closed-loop supply chain by controlling the acquisition cost of private information to balance competition.

7.3 Theoretical Significance

In a Big Data environment, PIL is becoming increasingly important, based on the characteristics of Big
Data, a Data Company in the closed-loop supply chain is getting more and more important. This might
lead to the change of the closed-loop supply chain structure, thus, we proposed the original model of a
two-stage closed-loop supply chain in the Big Data environment, which made up for the lack of closed-
loop supply chain structure in the Big Data era.

Based on the new data-driven closed-loop supply chain structure, PIL was considered, therefore, we
analyzed and built three completion models to obtain the co-opetition relationships among CE, ISC, TPL
and OR. We found that the acquisition cost of private information, the logistics cost and the wholesale
price affected the co-opetition relationship of the closed-loop supply chain. Meanwhile, we obtained the
conditions to obtain competitiveness under the new environment. Namely, the acquisition costs decides
who will win the competition. These findings compensated for the study weaknesses of the closed-loop
supply chain co-petition relationship in the Big Data environment.

8 Future Research

In this paper, we considered the effects of CE internal information leakge and consumer information
leakage on the co-opetition relationships of data-driven closed-loop supply chain members. In the future,
we can study methods and strategies to avoid the information leakge. Such as, we can research an anti-
competitive intelligence system to protect the private information. In addition, we can study the
mechanism of the closed-loop supply chain demand information leakage in the Big Data environment.

188



Journal of Computers Vol. 30 No. 3, 2019

Acknowledgments

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 Chongqing (No. cstc2014kjrc-qnrc00003).

Author Contributions

Pan Liu. and Shu Ping Yi conceived and designed the experiments, performed the experiments. Pan Liu
analyzed the data and wrote the paper and Yue long offered some money from his fund to support this
research.

References

[1] J. Gantz, D. Reinsel, Extracting value from chaos. <https://www.emc.com/collateral/analyst-reports/idc-extracting-value-
from-chaos-ar.pdf>, 2011 (accessed 13.06.11).

[2] H.-X. Bin, Z.-H. Xin, Build enterprise competitive intelligence system model based on big data, Journal of Intelligence
3(2013) 37-43.

[3] A.-B.-E. McAfee, Big data: the management revolution. Harvard Business Review 90(10)(2012) 68-128.

[4] Y.-A. Li, Conceptual model for competitive technical intelligence system in enterprise, Library & Information Service
54(20)(2010) 57-61.

[5] J. Li, H. Shi, Study the competitive intelligence system of closed-loop supply chain big data era, Library and Information
Service 2(2014) 96-101.

[6] N.-R. Sanders, Big Data Driven Supply Chain Management, third ed., China Ren Min University Press, Beijing, 2015.

[7]1 H.-Z. Liu, L.-Q. Zhang, Research overview of big data technology, Journal of Zhejiang University (Engineering Science)
6(2014) 957-972.

[8] H. Shi, J. Li, Effect of private information leakage on copetition relationship among supply chain enterprises in big data era,
Journal of the China Society for Scientific and Technical Information 34(1)(2015) 53-65.

[9] I. Smith, Defensive competitive intelligence in a web 2.0 environment. <http://www.scip.org/NewsRoom/PRDetail.cfm?
ItemNumber=7779>, 2015 (accessed 15.03.15).

[10] S.-F. Guan, J.-H. Li, et al. Enterprise competitive intelligence system model construction based on web2.0, Information
Science 32(1)(2014) 47-53.

[11] R. Adduci, D. Blue, G.-E.-A. Chiarello, Big data: big opportunities to create business value. <https://www.mendeley.com/
research-papers/big-data-big-opportunities-create-business-value/>, 2011 (accessed 15.03.11).

[12] E. Brynjolfsson, L.-M. Hitt, H.-H. Kim, Strength in numbers: how does data-driven decision making affect firm
performance?, Social Science Electronic Publishing 1(2011) 1-33.

[13] M.-A.-F.-S. Waller, Data science, predictive analytics, and big data: a revolution that will transform supply chain design
and management, Journal of Business Logistics 34(4)(2013) 77-84.

[14] J. Wu, Big data: opportunities, challenges and strategies of enterprise competitive intelligence, Journal of Intelligence
1(2013) 5-9.

[15] W.-L. Lian, X.-J. Minng, Innovative business models based on big data, China Industrial Economics 2(2013) 83-95.

189



Research on the Co-opetition Relationship of a Closed-loop Supply Chain Based on Private Information Leakage

[16] S.-M. Huang, S. Shan, Deconstruction and reconstruction of the marketing system in “big data” era, Communication
University of China 34(11)(2012) 13-20.

[17] L-H. Hann, K.-L. Hui, S.-Y.-T. Lee, I.P.L. Pmg, Overcoming online information privacy concerns: an information-
processing theory approach, Journal of Management Information Systems 24(2)(2007) 13-42.

[18] R.-K. Chellappa, R.-G Sin, Personalization versus privacy: an empirical examination of the online consumer's dilemma,
Information Technology and Management 6(2)(2005) 181-202.

[19] T.-J. Magi, A fresh look at privacy-why does it matter, who cares, and what should librarians do about it?, Indiana Libraries
32(1)(2013) 37-41.

[20] M.-N. Helveston, Consumer protection in the age of big data, Social Science Electronic Publishing 93(4)(2016) 859-919.

[21] X. Chen, X. Xiong, X. Qi, C. Zheng, J. Zhong, A big data simplification method for evaluation of relay protection
operation state, Proceedings of the CSEE 35(3)(2015) 538-548.

[22] P. Liu, S.-P. Yi, Effects of private intelligence leak on competition and cooperation relationship of data-driven supply chain,
Journal of the China Society for Scientific and Technical Information 36(1)(2017) 39-48.

[24] X.-L. Li, G.-H. Gong, Big data system review, Science China Press 45(1)(2015) 1-44.

[25] J. Gantz, D. Reinsel, The digital universe in 2020: big data, bigger digital shadows, and biggest growth in the far east.
<https://www.moneycab.com/wp-content/uploads/2013/02/EMC_Digital-Universe Westeuropa.pdf>, 2013 (accessed 13.02.
13).

[26] Z.-P. Xu, “Big Data” coming data revolution, Chinses journal QiuXian (2012) 60-61.

[27] Y. Zhang, M. Chen, X. Liao, Big data applications: a survey, Journal of Computer Research & Development 3(2013) 44-50.

[28] B.-T. Hazen, C.-A. Boone, J.-D. Ezell, 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 154(2014) 72-80.

[29] N.-E. Bowie, K. Jamal, Privacy rights on the Internet: self-regulation or government regulation?, Business Ethics Quarterly
16(3)(2006) 323-342.

[30] N.-R. Sanders, Big Data Driven Supply Chain Management: A Framework for Implementing Analytics and Turning
Information into Intelligence, Pearson FT Press, 2014.

[31]1 Y. Liu, T. Zhang, X. Jin, X. Cheng, Personal privacy protection in the era of big data, Journal of Computer Research and
Development 52(1)(2015) 229-247.

[32] J. Chen, Y.-B. Xiao, New developments and research prospects in supply chain management, Journal of University of
Shanghai for Science and Technology 6(2011) 27-36.

[33] M. Li, J. Zhang, Mass customization of supply chain, Chinese Journal Science and Technology Management 24(8)(2003)
119-122.

[34] Y. Monden, Toyota Production System: An Integrated Approach to Just-in-time, CRC Press, Boca Raton, FL, 2011.

[35] Z.-S. Hou, J.-X. Xu, On data-driven control theory: the state of the art and perspective, Acta Automatica Sinica 35(6)(2009)
650-667.

[36] S.-B. Zhao, Logistics companies of home improvement enter the electricity business, and Furniture available in the market

pattern will be broken. <http://www jieju.cn/News/20130129/Detail270145.htm>, 2013 (accessed 12.01.13).

190



Journal of Computers Vol. 30 No. 3, 2019

[37] S. IT, Baidu strategic investment on QiJia network. <http://it.sohu.com/20101209/n278202516.shtml>, 2010 (accessed
12.01.10).
[38] M.A. Hernandez, Nonlinear pricing and competition intensity in a Hotelling-type model with discrete product and

consumer types, Economics Letters 110(3)(2011) 174-177.

191




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF005B683964DA300C005000440046002800310032003000300064007000690029300D005D0020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


