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Abstract. The combination of big data theory and supply chain man-
agement theory has brought the subversive change for the enterprise coop-
eration mode, the paper considered that when the big data suppliers to
participate in the competition of the supply chain, the condition of over-
all profit of the supply chain in the two cases of cooperation and non-
cooperation decision making. Firstly, the profit model of each member
enterprise is established by the demand function theory, and the whole
profit model of the supply chain is obtained in the case of decentralized
decision-making, then, the profit model for common decision making of
supply chain based on the maximization of supply chain is analyzed. After
compared the two profit models, the conclusion was obtained that when
big data suppliers join supply chain competition and one party gains the
dominant position in the supply chain, collaborative decision-making is
the key to enhancing the overall profitability of the supply chain.
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Cooperation

1 Introduction

The method of supply chain management based on mutual cooperation between
enterprises is one of the most effective business strategies adopted by enterprises
in the fierce market competition, and the rise of big data industry is injected new
blood on Supply Chain Management. Data analysis methods are applied to all
aspects of supply chain management to effectively curb the procurement short-
age, lag of logistics, production bottlenecks. There are some significant achieve-
ments in the area of big data supply chain management. Firstly, supply chain
management has been intelligent, and a new generation of radio frequency iden-
tification technology can provide more reliable data for supply chains, these
data flow in the supply chain nodes, so that enterprises can exchange informa-
tion timely, the operating mechanism of the system can be optimized and the
decision making become automated. In addition, big data has also brought dis-

ruptive changes for the supply chain logistics. At present, enterprises can already
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achieve real-time monitoring of logistics and route optimization in the use of big
data technologies. Transport capacity and efficiency have been greatly improved
than before. The focus of future research is to predict supply chain behavior
rely on large data. Accurate forecasting is one of the effective measures to help
enterprises save costs, and the accuracy of large data projections is not reached
by other methods.

Current research on competition and cooperation model of the supply chain
is very mature, Yang and Bai, who build up on the Hotelling model to analyze
profit-sharing contracts between the supplier and the core firm, and study the
impact of upward decentralization on the core firm and the whole supply chain
under the assumption that the supplier does not have any advantage on produc-
tion costs [12]. Wu and Han, who researched the optimal production decisions
in closed-loop supply chains consisted of two competing manufactures and one
retailer with remanufacturing costs disruptions [9]. Xu et al. [11] gave a literature
review of supply chain contracts selection and coordination based on the supply
chain under competing multi-manufactures. Shi, who studied in non-cooperative
static game and Stackelberg game optimal advertising strategy in supply chain
under master-slave, proves that relevance of the manufacturer and the retailer’s
own ads level and cost and overall supply chain advertising level and costs [3].
Strategic of partner selection of supply chain model was constructed by Xin and
others based on game theory, and get optimal strategies for select partners in
the case of incomplete information [10]. Zhang, who thought the whole supply
chain benefits and members of associated enterprise level knowledge sharing is
very important, In light of this, he builds supply chain profit distribution model
based on knowledge-sharing cost [14]. Chen et al. [1] proposed the question of
how “big data analysis affects the value creation of the supply chain”, and it was
answered through the use of dynamic capability theory as a unique information
processing capability.

Research on supply chain based on the theory of large scale data, Wu [§]
based on dynamic differential game theory constructed the dynamic corporation
model of three-level supply chain under retailer paid contract, union pay con-
tracts, with big data service providers to participate in, and discusses contract
parameters on the profit impact of supply chain. Wang and Cong, [7] who stud-
ied the cloud computing service providers involved in two-stage supply chain
coordination problem and introduced in the competition model of supply chain
revenue-sharing contract and punished the contract so as to verify that the sup-
ply chain coordination and decision. Waller [5] established a matrix model to
solve when it should be applied or avoid data analysis, theory of how to use
predictive analytics improve issues such as promoting lower total logistics costs.
Tan [4] through impedimented to data acquisition analysis, set up a correspond-
ing data infrastructure framework, the framework of internal data, available
through collection of deep mining, collection capacity required data to build a
data network and helped provide supply chain optimal decision. A systematic
framework for the SAM (Roadmap, Strategic Consolidation, and Assessment)
roadmap was roadmap to help companies avoid getting caught in a mess of data
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by Sanders [2]. And the concept of supply chain analysis (SCA) driven by big
data was proposed and the function, process-based, collaborative and agile SCA
Maturity Mode was established by Wang and Angappa [6].

This paper analyzes the overall profitability of the supply chain under dif-
ferent decision-making situations when the big data suppliers participate in the
supply chain competition. The supplier and manufacturer’s demand curve is
taken as the input to construct the profit model of the supplier and the manu-
facturer when the manufacturer assumes the big data cost respectively. Through
the analysis of the model, the profit model of the supplier and the manufac-
turer is obtained respectively in the decision - The overall profitability of the
supply chain. After comparing the two profit models, we get the corresponding
conclusion.

The rest of the paper is organized as follows. In Sect. 2, the problem of is
described and some assumptions is proposed. In Sect. 3, the model of decen-
tralized decision-making profit and common decision making are built. In the
Sect. 4, two models are compared and analyzed. And there is a numerical analysis
in Sect. 5. In Sect. 6, conclusions are given.

2 Problem Description and Model Assumptions

The paper considers the supply chain system as a kind of supply and demand
relationship between a supplier and a manufacturer. The manufacturer produces
a product with a fixed life cycle and mature market demand. The supplier pro-
vides raw materials. The input-output ratio of the raw material to the final
product is 1: 1. In order to solve the problem of lagging information transmission
among member firms and to improve the accuracy of market demand forecast-
ing, the third-party big data enterprise is used to help the supply chain to build
a big data decision platform. The cost is borne entirely by the manufacturer.
Because of exists of the supply chain big data platform, the information on the
supply chain is completely symmetrical. Assuming that the profit-sharing prob-
lem in cooperative decision-making has already reached a corresponding contract
between supply and demand, the paper will not consider it.

Suppose that the manufacturer’s market demand function is D(pa) = a —
bP4 + bK (), then we can get the manufacturer’s price curve P4 = ¢ — %D, for
the convenience of calculation, let 3 =m, % = n, then there is P4 = m —nD +
K(t). It is worth noting that, where m is the limit price that the market can
afford [13], that is to say, at this price, the purchase rate of the commodity is 0;
Suppose that the market demand function of the suppliers is D(pp) = a — 5Pp,
we can get Pp = % — %D, let & = s, % = t, then Pg = s — tD, empathy, s is
the limit price that the market can afford.

The symbols involved in the article are described as follows:
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D : Market demand;

P4 : The price of the product produced by the manufacturer;

P : The price of the raw materials supplied by the supplier;

Gp : The prices of the raw materials supplied by the sub-suppliers;

K(t) : Big data horizontal curve;

r : Big data cost coefficient;

@, : The profits of the manufacturers;

@p : The profits of the suppliers;

@ 45 : The total profit of the supply chain when making decisions together

Among them, the big data cost is F' = %tD, that is, the manufacturer’s
output is positively correlated with the big data costs, the higher the output,
the greater the cost of the big data.

3 Building of the Model

3.1 Decentralized Decision-Making Profit Model

In the case of decentralized decision making, the manufacturer’s profit depends
on the market price of its own products and the price of raw materials from the
suppliers, In addition, because of the cost of big data suppliers to join the supply
chain is entirely borne by the manufacturer, so the profits are:

t
@A:GufﬂﬂxD—%D. (1)

The profit of the suppliers depends on the price of the product to the manu-
facturer and the purchase price of the raw material. Therefore, the profit of the
suppliers is:

@B:(PB—GB)XD. (2)

It can be known from the supplier’s demand function that D = #. There-
fore, its profit is:
1 2
dp = E [S(PB *GB) — Pp JFPBGB] .
Find the partial derivative of Pg in the supplier profit model and let it be
equal to 0, and then the function of raw material price provided by the suppliers
and cost is obtained:

0Pp 1 B
TPB —E[S—QPB-FGB}—(L
s+ G
%:‘ifg (3)

The manufacturer’s profit formula can be known from formulas (3) and (1):

s+ Gp

Dp=[(m—nD+k(t)— 5

JxD-"p.
2
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Find the partial derivative of D and make it equal to 0, the manufacturer’s
optimal production decision can be obtained:

0Py s + Gp rt

op ~(m=mAk(l) - —5—) =5 =0,
k(t) — =tCs_rt

LRI R — (4)

2n

The manufacturer’s profit under the optimal production decision can be
known through formulas (3), (4) and (1):

s+ Gp
2

mo k() — SHEE R e mo k() - PR

2n 2 2n

Da=[(m—nD+k(t) —

)] %

It can be known after finishing:

2
(m + k(t) — M_ﬁ)
Dy = ™ 2 27 (5)

Because of the existence of the big data platform, the information on the
supply chain is completely symmetric. Therefore, the production decision of
the supplier is based on the optimal production decision determined by the
manufacturer. Then, the profit of the supplier under the manufacturer’s optimal
production decision can be obtained through formulas (3) and (4):

S GB T
@B—<S+GB—GB)Xm+k(t)_+2 _g.
2 2n

It can be known after finishing:

7y - LG ) 0

According to the big data platform of the supply chain, in the case of decen-
tralized decision-making, the manufacturer preferentially determines its own pro-
duction decision and puts its own decision data on the big data platform. Based
on the information obtained through the big data platform, the supplier pro-
duces the corresponding number of parts, and then the total profit of the supply
chain at this time is:

2

(m+k(t) — =£88 — )2 (5 _Gp) x (m+ k(t) — 2EEB_1t)

4n in

P=0Py +Pp =

It can be known after finishing:

(m + k(t) — =522 -5 (m + k(1) - 2572 —4)

P = 2
4n
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3.2 Common Decision-Making Profit Model

In the model of collaborative decision-making, suppliers and manufacturers rely
on the big data platform for effective correlation, considering the overall inter-
ests of the supply chain to jointly determine the optimal production decision.
Therefore, the function of the collaborative decision-making profit is expressed
by the original profit function of the supplier and the manufacturer:

t
P =Py +Ip = (Py— Pp) xD—%D+(PB—GB) x D.
It can be known after finishing:
, rt
P = m—nD—l—k(t)—GB—E x D. (8)
Find the partial derivative of D and make it equal to 0, it can be known

that the optimal number of producers and suppliers at the time of collaborative
decision-making is:

0P’ rt
5D —m—2nD+k(t)—GB—5—0,
m+k(t)—Gp — %
D= 2
o (9)

The total profit model of supply chain can be known when the optimal pro-
duction quantity has been determined under the condition of common decision
through formula (8) and formula (9):

m+k(t) - Gp — % rt\ m+k(t)—-Gp—%

P = (m—nx

It can be known after finishing:

2
o k) —Gp )
4dn '

4 Comparative Analysis

Through the above analysis, it obtains the profit model of the supplier and
the manufacturer in the case of decentralized decision-making and collaborative
decision-making when the manufacturer is fully committed to the big data cost.

In the case of decentralized decision-making, suppliers and manufacturers do
not take into account the overall interests of the supply chain to maximize, but
entirely from the perspective of their own interests to make decisions. Because
of the existence of big data platform, although the suppliers and manufacturers
make decisions discretely, the transmission of information flow is transparent.
The manufacturer makes the decision first, and the supplier makes its own pro-
duction decision according to manufacturer’s production plan.
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In the case of collaborative decision-making, to achieve the overall profit
maximization of the supply chain is the premise of cooperation between suppliers
and manufacturers, manufacturers take into account the supplier’s production
capacity constraints, logistics conditions and other objective factors, and then
the two sides can achieve collaborative decision-making. The overall profit model
of the supply chain is determined according to the market demand function of
both parties, so that the production decision can be made with the maximum
profit of the supply chain.

The profit model of the two cases is compared and analyzed, and then:

N2
(m+k(t) -G —5)

4n
(m + k(t) — 2EE8 ) (m + k(t) — 22588 1t)
4n ’

AP =¢' — P =

for the convenience of calculation, let e = m + k(t) — G — %, then there is

(e—Gp)® (e—=HFP)(e— 25C2)

AP = -
dn 4n
(e—Gp)® (2¢—s—Gp)(2e—3s+Gp)
T a0 16n
_(s=Gp)*+4[(c = Gp)* — (e — 5)°]
n 16n ’

According to the above it can be known that s is the limit price that the
market can afford, so there must be Gg (s,s0, (e — Gp)? — (e — 5)?) 0, and easy
to proof that AP ) 0, that is to say the profit in cooperative decision-making is
higher than that in decentralized decision-making.

It can be known that manufacturers dominate the entire supply chain and
completely control the supply chain’s big data platform by analyzes and contrasts
the two models, but it does not mean that the manufacturer can control the
information flow entirely. Because in the case of decentralized decision-making,
manufacturers do not take into account the conditions of suppliers when making
decisions, so the interests of suppliers are damaged and lead to supply chain
breaks. In the case of cooperative decision-making, manufacturers and suppliers,
under the condition of ensure their own interests, determine the optimal number
of production according to the conditions of both factors. After reaching the
corresponding contract, the cooperation tends to be stable, which is to make the
overall profit maximization of the supply chain as a prerequisite.

The above analysis can also prove that only cooperation can make the supply
chain system to achieve the maximum profit, the joining of big data suppliers
does not change the competition pattern of supply chain. Although manufactur-
ers dominate the supply chain, choose to cooperate with suppliers will achieve a
win-win situation.
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5 Numerical Analysis

In this secondary supply chain, the overall profit of the supply chain with the
raw material prices and market demand changes, Suppose that K(t) = % and
large data cost coefficient r = 0.5, consider the profit situation of supply chain
when ¢t = 10, raw material price and market limit price change, the concrete

numerical analysis is shown in Table 1.

Table 1. Profitability of raw material price and market time price change

m|s |Gp|® @’ AP | Rate of profit increase
35/25/10 |812.5|1314.1|501.6 | 61.80%

3512515 |820.311139.1|318.8 | 72.00%

35,3010 |664.1|1314.1 /650 |50.50%

3513015 |675 |1139.1|464.159.20%

4012510 |962.5|1501.6 | 539.1 | 64.10%

40 (25|15 [970.3|1314.1 | 343.8 | 73.8%

403010 |801.6|1501.6 700 |53.30%

40 (30|15 |812.5|1314.1|501.6 | 61.80%

It can be seen from the numerical analysis that when the price of raw materi-
als is kept constant, the market limit price of the supplier is unchanged and the
increase of the market limit price of the manufacturer will increase the overall
profit of the two supply chains; The limit price of manufacture does not change
and the increase of the market limit price of supplier has no effect on the overall
profit of the supply chain. In addition, from the table can clearly see the com-
mon decision-making big data supply chain profits than traditional supply chain
profits increase of at least 50.5%.

6 Conclusion

Big data theory has spawned many new service and industry models, and it
is challenging for traditional industries to use big data to change their supply
chains operating. How big data can be used to implement change, what should
be targeted to gain competition advantage is the first issue enterprise should
consider.

The model constructed in the paper focuses on the competition problem
brought by big data suppliers join to the supply chain, and examines the supply
chain cooperation mode from the profit perspective. It is not sharing big data
cost by manufacturers and suppliers in the model, which is a common phenom-
enon in practice. In order to gain a dominant position in the supply chain, one
enterprise chooses to bear the cost of big data alone to achieve the control of big
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data platform. But it does not means that the enterprise will be able to achieve
an increase in profits, partly because of the cost of containment, on the other
hand the stability of cooperation could be impacted after enterprise obtaining a
dominant position, and the overall profit of the supply chain maybe reduced in
that condition. Therefore, the supply chain member companies choose to coop-
erate with each other and make decisions collaboratively is the key to improve
the overall profit of supply chain through introducing the third-party big data
providers. The analysis of the article is also just to verify this conclusion.
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