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To deal with coordination problem of a supply chain consisting of two competitive suppliers and a dominant retailer, considering
these factors such as cooperation effort degrees and competition on the supply chain members, we establish a two-stage model
considering cooperation effort degrees and competition of the suppliers from the perspectives of decentralized decision and
centralized decision and exploit it to discuss the optional decisions and explore the impact of cooperation effort degrees on the
profits of supply chain members. Then, we use a group negotiation model to establish a coordination mechanism. The results
reveal that the decision variables and overall profit of the supply chain of suppliers and retailers under centralized decisions are
better than those under the decentralized decisions. Besides, the degree of competition and price sensitivity have positive and
negative effects on the efforts of suppliers and retailers, respectively. Meanwhile, the degree of cooperation between suppliers and
retailers affects the profits of supply chain members and the whole supply chain in different degrees. Finally, the proposed value-
added profit distribution mechanism can effectively deal with conflict problem and guarantee supply chain members and supply
chain to maximize their profits and adopt the centralized decision.

1. Introduction

With the rapid development of science and technology and
the deepening of economic globalization, strengthening
supply chain management is much more important for
enterprises to obtain profits and enhance their competitive
strength in the increasingly fierce market competition.
However, retailers and suppliers often make decisions
according to the maximization of their profits in the process
of supply chain management, and then there exists a variety
of conflicts among supply chain and supply chain members,
which influences the stability and sustainability of the supply
chain. The beauty industry has been in a state of constant
enthusiasm in the global market in recent years, and since
China is a market with huge profit margins, many foreign
brands are constantly pouring into the Chinese market.
Under the competitive relationship between local brands
and foreign brands, they will gradually adopt a cooperative
strategy to enhance the competitiveness of their brands and
occupy a certain market share. As a well-known retail brand

based on health and beauty, Watsons is headquartered in
Hong Kong, China, and sells a lot of beauty products every
year. The main suppliers of products for Watsons are
Mentholatum and Nivea; Mentholatum and Nivea both
produce women’s skin-care products and men’s skin-care
products. They provide the same type of products, mainly
providing some beauty products and washing products to
Watsons. In the health and beauty awards party held by
Watsons in 2016, Mentholatum, which featured the young
line, won the fashion beauty awards. The products provided
by Mentholatum sold more in Watsons and brought higher
profits to Watsons. Therefore, Watsons focuses on the long-
term profits and chooses to cooperate with Mentholatum to
produce products and sell co-branded products. On the one
hand, Watsons’s products are losing their competitiveness in
the competition of many brands, so Watsons needs to co-
operate with Mentholatum to form a cooperative alliance to
improve the competitiveness of products, occupying a larger
share in the market, and thus to obtain more profits; on the
other hand, compared with Nivea, Mentholatum has its
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competitive advantage. First of all, as a US company entering
the Chinese market, Mentholatum has made an under-
standing of Asian women and men’s skin to produce skin-
care products which are suitable for Asians. Secondly,
Mentholatum was first known for its production of phar-
maceuticals, so Mentholatum’s skin-care products contain
herbal ingredients, which are safe and effective, and Men-
tholatum’s products are in line with Watsons’s sales phi-
losophy, mainly for the production of affordable and
effective products for young people. Last but not least,
Mentholatum made a lot of advertising when entering the
Chinese market, and Mentholatum itself also paid great
attention to advertising investment, and Watsons chose to
cooperate with Mentholatum and also reduced the cost of
publicity for itself. However, the cooperation between
Watson Group and Mentholatum is bound to affect the
product price and market demand of Nivea, which will
greatly reduce the enthusiasm for cooperation with retailers
and cause channel conflicts. Since Nivea also has fixed
customers, the conflict of supply chain channels will greatly
affect the profits of retailers and the whole supply chain,
resulting in the instability of the supply chain system.

The above problems have existed in the supply chain
system for a long time, especially in the supply chain with
competition and cooperation. The impacts include the
conflicts of interest between suppliers and retailers, which
harm maintaining the healthy, stable, and sustainable de-
velopment of the supply chain system. To reduce the impact
of this phenomenon and realize the coordination and effi-
cient operation of supply chain channels, it is urgent to
coordinate the corresponding coordination mechanism.
Through investigation, we found that two suppliers in the
supply chain, Nivea and Mentholatum, provide homoge-
neous products, but the products have different brands and
have competitive relations. To increase the number of
customers and benefits, retailers cooperate with Mentho-
latum, which has advantages in product positioning, mar-
keting, and customers. Although Mentholatum and
Watsons’s cooperation is to a certain extent to increase the
mutual benefits, it has affected the revenue of Nivea and
reduced the enthusiasm for cooperation with the retailer
Watsons. Besides, Nivea has stable customers in the field of
men’s skincare products, which has resulted in the uncer-
tainty or reduction of the revenue of retailers and the supply
chain system. For retailers who are eager to explore the
market and who want to protect the benefits of their
partners, how to find a win-win strategy becomes crucial.
Therefore, the research problem of this paper is to find a
coordination mechanism that can coordinate the interests of
retailers, suppliers, and the whole supply chain.

At present, the research on supply chain conflict mainly
realizes the coordination through the design of the corre-
sponding coordination mechanism, which is more common
such as profit-sharing [1] and wholesale price contract [2, 3],
two-part tariff [4, 5] and cost-sharing [6, 7], etc. Based on the
abovementioned analysis, we know that the close cooper-
ation between Mentholatum and Watsons in information,
customers, and product preferences has weakened Nivea’s
market share, intensified the conflict between Nivea and
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Mentholatum, and reduced the cooperation between Nivea
and retailers. As a result, the overall supply chain is unstable
and inefficient. So, to solve conflict or coordination prob-
lems, considering that cooperation effort degrees and
competition degrees are important factors on the supply
chain members, we construct a two-stage model and then
design a coordination mechanism through value-added
benefit distribution through group negotiation model.

In this paper, we first analyze the optimal decision of the
two-stage supply chain model from the perspective of
centralized decision and decentralized decision; the results
showed that the optimal retail prices under the centralized
decision are lower than those under the decentralized de-
cision, while the optimal product-market demand under the
centralized decision is higher than that under the decen-
tralized decision. And the overall profits of the supply chain
and the cooperation effort degrees of the Mentholatum
under the centralized decision are higher than those under
the decentralized decision. Besides, we also obtain that the
competitive intensity and price sensitivity have positive and
negative effects on the efforts of suppliers and retailers,
respectively. And the degree of cooperation between sup-
pliers and retailers affects the profits of supply chain
members and the whole supply chain in different degrees.
Finally, the proposed value-added profit distribution
mechanism can effectively deal with conflict problem and
guarantee supply chain members and supply chain to
maximize their profits and adopt the centralized decision.
Meanwhile, the profits of the supply chain and supply chain
members, optimal retail price, and optimal sales volume
under the centralized decision are larger than those under
the decentralized decision.

The paper is organized as follows. Section 2 discusses the
related literature. In Section 3, we formalize the problem,
putting forward the basic hypothesis, and constructing the
benefit function of each supply chain member in the supply
chain. Section 4 presents the analysis of optimal pricing
decision-making under the competition relationship and the
sensitivity analysis of the pricing strategy, and then we
propose the supply chain coordination mechanism of profit
distribution under the competition and cooperation rela-
tionship. Finally, we offer managerial implications and
conclude this research in Section 5.

2. Literature Review

Coordination is an important way to solve the problems of
the supply chain. To deal with problems, from different
aspects and views, more and more scholars have been doing
research on supply chain decisions and establishing a co-
ordination mechanism of the supply chain. By combing the
existing literature, they proposed some coordination
mechanisms from the perspectives of the quantity discount
and pricing, information, subsidy policy, profits and costs,
and others.

(1) The quantity discount and pricing are factors de-
ciding the supply chain, and some scholars focus on
the quantity discount and pricing, and then they
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design coordination mechanism [8-11]. The quan-
tity discounts are to encourage buyers to buy in large
quantities at one time and establish long-term
trading relationships with themselves [12-15].
Starting with Pasternack’s [16] efforts, coordination
mechanisms through buy-back and return policies
have also received considerable research attention
[17-19]. In the process of quantity discount and
pricing coordination, supply disruption and uncer-
tain demand can play a greater role in reducing and
coordinating the impact on the supply chain
[18, 20-23]. Wholesale price contracts are also a
common way to play a positive role in supply chain
coordination [24, 25]. Facing the effect of fairness
preference on a dyadic supply chain with random
capacity and random demand, Lan and Ji [26]
established the models of wholesale price contract
with random capacity and stochastic demand, and
their results indicated that the wholesale price
contract could improve the profits of the whole
supply chain and coordinate the supply chain. Be-
sides, the wholesale price contract usually serves as
the basis for a coordination mechanism or works
with other contracts [2, 3, 27]. A two-part tariff is
another pricing coordination mechanism [4, 5, 28].
In a two-part tariff, a supplier offers the retailers a
constant unit wholesale price and a fixed fee, where
the buyer chooses order quantity based on the
contract [29].

(2) In supply chain management, we often encounter

supply disruptions, symmetric information, and
demand uncertainty. Generally speaking, quan-
tity flexibility contracts are often used in supply
chain with uncertain risks [30]. Information
asymmetry and supply disruptions may cause the
less reliable supplier type to stop using backup
production [31]. To analyze the centralized or
decentralized decisions of supply chain and dis-
cuss the influence of information on the supply
chain, from quantity flexibility contracts, coop-
erative advertising, and information sharing
[32-36], some scholars design coordination
mechanisms. Among them, Heydari and Nor-
ouzinasab [37] proposed a discount model to
solve demand randomness and price sensitivity.
The information sharing can effectively reduce
the effect of the uncertain situation [38, 39], and
then they designed coordination mechanisms
[40-42].

(3) Policies play an important role in supply chain

management and coordination. In policies, low-
carbon supply policies [43], consumer returns pol-
icies [44], and government subsidy policies [45, 46]
are often used to deal with the coordination prob-
lems of green supply chain and closed-loop supply
chain. Among them, with the coexistence of the fossil
fuel car and electric vehicle supply chains, Zhang and
Wang [47] discussed the influence of three kinds of

government policies on two competing supply
chains under either decentralized or centralized
decision making. However, these scholars did not
explore the relationship between government sub-
sidy and social welfare. Arya and Mittendorf [48]
studied the effect of government subsidy on chari-
table donations of retailers (a CSR behavior) and
found that the subsidy could reduce the degree of
double marginalization of the supply chain. Hafe-
zalkotob [49] discussed the impact of government
environmental protection policy on the supply chain
and regarded that the government’s environmental
protection policy could reduce the negative business
impact on the environment.

(4) A profit-sharing and cost-sharing contract can play
an important role in coordinating supply chain
members and improving their overall performance
[1]. To increase market share and increase profits,
Chauhan and Proth [50] proposed a provider-re-
tailer partnership model based on profit sharing. The
mixed revenue-sharing option contract (option
contract and revenue-sharing contract) have a
positive effect on reducing double marginalization
effects [51]. In terms of cost sharing, it is often used
in combination with other contracts to improve the
overall profit of the supply chain. A revenue and
promotional cost-sharing contract and a two-part
tariff contract can coordinate the sustainable de-
velopment of the supply chain [6, 7, 52]. Among
them, Ghosh and Shah [53] proposed the design of a
green cost-sharing contract between retailers and
manufacturers to promote the development of green
supply chains and cooperation among channel
members. Panda [54] analyzed the optimal decisions
of the manufacturer and retailer who undertook
CSR, respectively, and then proposed a revenue-
sharing contract to coordinate the supply chain. By
combining CSR, product recovery, and channel
coordination to specify and quantify the CSR and its
impact, Panda and others put forward a revenue-
sharing contract to resolve the channel conflict of a
supply chain [55-58].

The above research discusses the theories and methods of
resolving supply chain conflicts in terms of profit, policy,
and supply chain management. Besides, some scholars also
discuss the role of government subsidies in supply chain
coordination. These studies have provided us with some new
thinking and inspiration [45]. In recent years, in the process
of supply chain operation, the competition among supply
chain members, information asymmetry, and supply in-
terruption have become important causes of supply chain
conflicts. However, most of these coordination mechanisms
are a negotiation and discussion process, and most studies
do not clearly show this negotiation and negotiation pro-
cess.. Therefore, this paper explores how to design the co-
ordination mechanism and realize the coordination of the
supply chain through the group negotiation model in a
supply chain with competition and cooperation.



2.1. Research Gaps. To summarize the differences between
our paper and the literature, we include Table 1. In short,
from the literature review, the following research gaps are
identified.

(1) Most previous research studies have not paid enough
attention to the competition and cooperation between
multiple suppliers and single retailers; they did not even
research the impact of supply chain decisions. (2) In terms of
the coordination mechanism, most of the literature adopts
the existing contract or inherent methods, some of which are
directly adopted, such as the means of quantity discount and
pricing, information, subsidy policy, profits, and costs. Lack
of discussion and research on the coordination mechanism.
(3) Although the current literature studies the competition
and cooperation in the supply chain system, there is little
research on how the degree of competition and cooperation
affect each other and the impact of the degree of cooperation
and competition on the supply chain system and supply
chain members. Based on the above literature analysis and
deficiencies, the competition and cooperation relationship
between suppliers and retailers was considered in the sec-
ond-order supply chain we constructed, and the influence of
competition degree and cooperation degree on the decision
making of supply chain members was explored. Finally, we
designed the coordination mechanism of value-added profit
distribution based on the group negotiation model.

3. The Basic Model

In real life, there exists a variety of large retailers, and their
suppliers often provide them some homogeneous prod-
ucts, which form a two-stage supply chain. In the supply
chain, the retailer is in a dominant position as a result of
possessing the market position and sales experience in the
purchasing and sales section, while the suppliers are in a
subordinate position, and then the supply chain’s deci-
sions follow the Stackelberg game. Assume that there
exists a two-stage supply chain with one brand retailer and
two competitive contract suppliers. To obtain much more
profits and competitive advantages, being the risk-neutral
rational decision makers, the retailer will share sale in-
formation and cooperate with some suppliers to produce
some products, while these suppliers are also willing to do
these by inputting some cooperation effort degree. To
describe and deal with the supply chain management
problems under this condition, in this paper, we will
establish some basic models.

In the two-stage supply chain with one brand retailer and
two competitive contract suppliers, the retailer to some
certain can coordinate her suppliers, while the suppliers
provide homogeneous products for the retailer. While
supplier 1 can share the retailer’s information to jointly
produce and fix the price of some products with the retailer,
supplier 2 cannot do so (denoted as 1 and 2, respectively).
According to the above analysis, assume that there exists a
supply chain with one brand retailer and two contract
suppliers, and the suppliers provide a kind of homogeneous
products. As a result of the differences in brand, production
scale, and capacity of the two suppliers, the sale prices and

Complexity

demand for the products from them are different. Let
w;, p;d;, Qg (i = 1,2) stand for the wholesale price, retail
price, market’s total potential demand, actual market de-
mand of the products from supplier i, and profits of supplier
i, respectively. w;, p;,d;;Q;m;(i=1,2) stand for the
wholesale price, retail price, market’s total potential demand,
actual market demand, and profits of the products from
supplier i, respectively. In the supply chain, the actual
market demand for the products is influenced by the retail
price and competition between the suppliers. Generally
speaking, the actual market demand has a negative and
positive correlation with the retail price and competition
among supplier i, respectively [45]. Assume that the product
market demand or order quantity of product is a linear
function over the product price and competition between
the suppliers. By referring to Savaskan’s approach [59], the
expression of the market demand from supplier i under the
competition can be written as follows:
di=Q —ap;+Pp;(i=1,2;j=3-1i), where ap(f>0)
stand for the retail price-sensitive parameter and competi-
tion parameter. The greater f3 is, the stronger the competition
between the two suppliers is. The influence of the retail price
of supplier 7’s products on-demand is greater than that of
supplier i’s competition on-demand, that is, a > f3.

In the introduction, we talk about the relationship be-
tween Watsons and the supplier of homogeneous products
which is Mentholatum and Nivea. To grasp the consumer
preference, reduce the production cost and tap the potential
customer market. Watsons and Mentholatum choose to
cooperate in production, in which Watsons provides
Mentholatum with customer data, purchasing characteris-
tics, and demand preference of the consumer market, and
then Mentholatum accurately produces according to the
information provided by the retailers to improve product
quality and achieve a win-win situation. But such behavior
harms Nivea and the supply chain. To describe the above
situation, we improve the model and make it representative.
Firstly, considering that the cooperative production between
retailers and suppliers in the above situation can tap the
potential market demand and improve the business level, we
introduce the concept of cooperative production into the
demand function and use s to represent the degree of co-
operation between them. Let k express supplier i’s coop-
eration effort parameter on cost and consider that the
cooperation and investment between suppliers and retailers
have a greater impact on costs than the sensitivity of con-
sumers to price, so we have k>a. Let 1,C(s)(0<A<1)
influence coefficient on product market demand and co-
operation effort cost, respectively. According to the above
analysis, the product demand function with cooperation
effort degrees and competition of supplier i can be rewritten
as

di=Q—ap;+fpj+As, (i=12j=3-1i). (1)

Let C(s) indicate supplier 1’s cooperation effort cost;
according to the research of relevant scholars [60, 61], its
expression can be written as C(s) = ks?/2. Assume that 7,, 77
stand for the profits of the retailer and supply chain.
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TaBLE 1: Our paper vs. literature.

Author The backgrounq of -supply chain Coordmz?tlon Focus
coordination mechanism
Supply disruptions and information A backup Whether the risk management strategies will have

Yang et al. [31]

asymmetry production option
Giri and Bardhan [21] Supply dlsrué)et rlr?:nznd uncertain Buyback contract

Price competition
model

A Stackelberg-like
model

Hafezalkotob [49] Green supply and competition

Du et al. [43] Low-carbon supply

Stochastic quality of returned
products and uncertain
remanufacturing capacity
The supply chain under stochastic
price-sensitive demand
Supply disruption
Pricing competition and cooperation

Heydari and Ghasemi

[22] A revenue sharing

A two-level
discount model
Buy-back contract
Decentralized game

Heydari and
Norouzinasab [37]
Hou et al. [18]

Huang et al. [38]

in supply chain models
. The supply chain under random Wholesale price
Lan and Ji (26] capacity and random demand contract
. . . Revenue sharing
Panda [54] Socially responsible supply chain contract
. . Price-only
Seifert et al. [10] A three-echelon supply chain contracts

Supply chain under the endogenous ~ Wholesale-price

Wang et al. [25]

information structure contract
. i Profit distribution
Our paper Cooperation and competition . "
mechanism

an effect on the manufacturer’s change
Coordinate the order quantity and the service level
(SL)

Environmental protection and revenue seeking
policies of government
Environment protection and supply chain
operations

Reverse supply chain coordination

Coordinate pricing and ordering decision

The pricing strategy between demand interruption
How pricing strategies and power structures affect
supply chain members’ performance
Investigates the effect of fairness preference on a
dyadic supply chain
Coordination of a socially responsible supply chain
Coordination in a three-echelon supply chain and
examination of the impact of subsupply chain
coordination (sub-coordination).

Cost of information’ s influence on the order
quantity and wholesale price

Pricing, demand, and benefit coordination

According to the above discussion and analysis, all the
parameters and variables used in our model are listed in
Table 2, and the profits of the retailer, two suppliers, and
supply chain can be expressed as

m, = (py —w,)d; +(py —w,)d,, (2)

2

k
g = (wy = ¢;)d; = C(s) = (W, —¢;)(Q) — apy + Bp, +As) _%»

(3)
Ty = (w, = ¢;)d, = (w, = ¢,) (Q, — ap, + Bpy)s (4)
=T, + g + Ty (5)

4. A Coordination Mechanism through
Benefit Distribution

In the supply chain with one brand retailer and two contract
suppliers, there exists a variety of conflict problems. To deal
with the problems, a suitable coordination mechanism
should be established.

4.1. The Optimal Pricing Decisions of Supply Chain. To
construct a much more effective pricing coordination
mechanism, we first analyze the pricing decisions of the
supply chain. Since the supply chain’s decisions follow the

Stackelberg game, we will discuss the optional pricing de-
cisions under the decentralized and centralized decision.

4.1.1. The Optimal Decisions under the Decentralized
Decision. For the supply chain, based on the Stackelberg
game, its decentralized decision can be divided into two
stages. Firstly, the retailer decides on the ordering quantity
and the sale prices of the two kinds of suppliers, and then the
suppliers make decisions on the wholesale prices and co-
operation effort degrees. Let ,, 7; (i = 1,2), and 7 represent
the retailer, supplier, and the supply chain total profits,
respectively. The specific decision-making process is ana-
lyzed as follows.

(1) The Retailer’s Optimal Decisions. According to the for-
mulas (1) and (2), the retailer’s maximization profits can be
expressed as follows:

maxn, = (p,

—w,)(Q, —ap, +fp, +As)

(6)
+(py —w,) (Qy — aypy + Bpy).

Theorem 1. Assume that p?,d?,i = 1,2 represent the retail
price and product market demand of supplier i under the
decentralized decision, respectively. If there exists a set of
unique values p?*,d?* to maximize the expected profits of the
retailer, then the optimal decisions of the retailer can be
obtained as follows:
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TaBLE 2: Decision variables and parameters.

Parameters and variables

Meaning

B
pi

o4

=

LNOE

St
pirdir.sirwi
pitdits st wit
ﬂf(i:r,sl,sz)

n

Supplier’s competition parameter
Price of supplier i’s products
Consumer sensitivity to price
Supplier’s cooperation input
The supplier’s cooperative investment parameter
The impact of cooperative alliance on market demand
Wholesale price of supplier i
The market’s total potential demand for products of supplier i
Total profit of supply chain
The maximization profits of supplier i under the decentralized decision
The optimal decisions of the supply chain under the centralized decision
The optimal decisions of the supply chain under the decentralized decision
The upper limit of coordination subsidy of the retailer, supplier 1, and supplier 2

! The profit of the retailer after coordination

ml Supplier 7’s profit after coordination

Am The value-added portion of the supply chain

Amr Residual profit after the first distribution

0 Supplier 7’s contribution to the value-added portion of the supply chain

p The coordinate coefficient of satisfaction of the system

n;(i=r,s1,s2) The market weight or bargaining power of the dominant retailer and the two suppliers

pd* _ (/32 - “z)wl +a(Qy +1s) - fQ,
! Z(ﬁz - ocz) '

(/32 - az)wz = B(Q; +As) —aQ,

dx*
p2 = 2 >
g _ Pw, —aw; +As + Q,

1 B >
44— Bw, — aw, + Q,

, =———=

2

Proof. According to the inverse induction method, for
formula (4), by solving its first-order partial derivative over
P> P, and making it equal to zero, we can obtain the
following:

p,f:(xw1+2/5p2 —2([jw2+/\s+Q1) (8)
Ptzi _ aw, + zﬁp;‘; ﬁwl + Qz‘ (9)

Then, by solving the second-order partial derivative of
formula (4) over the variable p,, p,, we can obtain its
Hessian matrix over p,, p, as follows:

2 2
o°m, O,

opt opipa| [-2a 28
;1)

H(py, p;) = =
o*n. o'm

op,py 8—p%

r r

Because a>0,3>0, the influence of the retail price of
supplier i’s products on-demand is greater than that of
supplier i’s competition on-demand, that is, > f3. So,

—2a 28 o
H(p,, = =4(a” - ), (11)
(p1P2) [ 28 _2“] ( B )
such that H(p,, p,) >0, and then 7, is the strict concave
function over p,, p,, which shows that there exists a unique
optimal solution to satisfy formula (5). By combing formulas
(8) and (9), we obtain the optional retail prices under the
decentralized decision as follows:

dx (ﬁz - “2)“’1 +a(Q +1s) - fQ,

pl = Z(ﬁz—(xz) >

ds _ (/32 - 0‘2)“’2 - B(Q +4s) - aQ
2(p - a?) '

Then, we can determine the optional product market
demand of the suppliers as follows:

:ﬁwz* —aw?* + s+ Q
2

(12)

d
dl

(13)

d
dé _Buit —awst +Q,
? 2

Therefore, the retailer’s optimal decisions can be de-
termined. QED.
According to the retailer’s optimal decisions, we can
obtain the maximization profits of two suppliers as follows:
ks?
g = (wy = ;) (Q — apy +p, + 1s) BT
(14)

g = (wy = ¢,) (Qy — apy + Bpy).
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(2) The Supplier’s Optimal Decisions. According to the re-
tailer’s decisions and expressions (3) and (4), the maximi-
zation profits of suppliers 1 and 2 under the decentralized
decision can be written as

Pw, —aw; +As +Q,;  ks*

max 7, = (w, —¢;) - 5 - (15)
- +

max 77, = (w, - ¢,) -w. (16)

O

dx /3w2+occ1+/lsd*+Q1
wl = >
2a

e 2kc2([32 - 2a2) + A2 (Bey + aye, +Qy) — 2Bk (ac, + Q,) — 4ka?

Theorem 2. Assume that w?,wd,s? express the wholesale
price of the two suppliers and cooperation effort degree of
supplier 1, respectively. If there exist unique values
wi*, wi*, s to maximize their expected profits, then they
will satisfy the following:

2

A (Bwi* = ac; +Q)A
4ka - )? '

Proof. According to the above formula, we need to judge
whether formulas (15) and (16) have the optimal value, as
shown below:

o’n, o',
ow? Ow,0s 5
H(w,,s) = = . (18)
aznsl az7-"—51 —k &
0s?  0sow, 2

Based on the basic model part of the analysis, we know

that k> a, and w A/2] = (A2) (k - «), so H(w;,s)>0,

-k A2
and then 7, is the strict concave function over w,, s, which

shows that there exists a unique optimal solution to satisfy

4k - 207) + 2\ °a

i 2kc2(/32 - 20c2) + A% (Bey + aye, +Qy) — 2Pk (ac, + Q,) — 4ka?

> (17)

formula (15). We also obtain 0°7% /0w, = —a <0, and sup-
plier 2 also has a unique optimal solution to satisfy formula
(16).

According to the inverse induction method, the optimal
solutions of supplier 1 can be solved. Firstly, by solving the
first-order partial derivative of formula (15) over s and w,
and making it be zero, we can obtain w¢ = (Bw, + ac, +
As+Qp)2a and s? = (w, —¢;)A/2k. By computing the
second-order partial derivative of formula (15) over s and
w,, we determine anfl /ow? <0, aznfl/asz <0, that is to say,
¢, is the concave function over s and w,, which shows that
there exist uniquely determined values w¢ *, s?* to maximize
¢, Then, we substitute them into expression (16) and take
the above similar computing so that we can determine the
optional wholesale price of supplier 2.

W,

Therefore, the suppliers’ optimal decisions can be ob-
tained. QED. O

Proposition 1. Under the decentralized decision, the higher
the cooperation effort degrees of supplier 1, the higher the
retail prices of the two products, the higher the product
market demand of supplier 1, the lower the order quantity of

k(B - 20) + 2V

(19)

supplier 2, and the greater the profits of the retailer and
suppliers.

Proof. By solving the first-order partial derivative of the
retail prices, the order quantity, and the profits of the supply
chain members over the cooperation effort degrees of
supplier 1, we can obtain the following:
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Because a>0,8>0,a>p,0<A<1,k>0, the following
conditions hold: 0p,/0s>0,0p,/0 s>0,0d,/0s>0,0d,/
0s<0,0m,/0s >0,0m,/0s>0,0m,/0s>0. Therefore, the
conclusions can be given. QED. a

4.1.2. The Optimal Decisions under the Centralized Decision.

max 7 = 7, + 7 + 7y

=(p1 = 1) (Qi —apy + Bpy +As) + (pr = €,)(Q, — ap, + fpy)

Theorem 3. In a two-stage supply chain with one dominant
retailer and a contract supplier, assume that p,s,d; stand
for as the retail price, cooperation effort degrees, and order
quantity of the two-stage supply chain under the centralized
decision. When « — >N a/2k (a + B), there exists a set of
unique values p ™, s*, d; " to maximize the expected profits of
the supply chain, and then the optimal decisions of the retailer
can be expressed as follows:

Assume that 7¢ indicates the profits of the supply chain.
According to formula (5), the maximization profits of the
supply chain under the centralized decision can be expressed
as

ks? D
s

. ke (B - a?) -k (BQ, +aQ;) + A

- Cl(ﬁ "‘) (BQy +aQy) + “‘31’ (22)

k(B - o) + 1

oo 2kc1(ﬁ2 - oc2) + A% (e, — ac, + Q,) — 2k (BQ; + aQ;)
2 2[2k(ﬁ2 - (xz) + /lzoc]

>

(23)
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Proof. According to formula (21), we need to judge the con-
vexity of Max 7 for py, p,,Q;,Q, and s to determine whether
there is an optimal variable under the centralized decision. So,
we get the Hessian matrix for max 7, as shown below:

[ o' o*n o*n ]

a_P% 0p,0p, 0p;0s

Foari o’n Foari
H(p, py,s) = — . 27
(PP =5, o0 397 opos @)
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So, we know that from formula (24), [-2«]<0,
20 28 A
[_2“ 2p ]z4(a+ﬁ)(o¢—[5)>0, and | 28 -2a 0 |=
2 2« 10 -k

(—4a? + 4%k + 2A%a, because k> a > >0and 0 < A < 1, we
must guarantee (—4a® + 48%)k + 21’a <0, and then we can
get a set of unique values p{*,s*,d{" to maximize the ex-
pected profits of the supply chain. Then, in this case, we set
the first derivative of max x for p,, p, and s equal to 0, and
then we set the system of simultaneous equations to get the
optimal value. The process of finding the optimal value is
similar to Theorem 1. Hence, the proof is omitted. O

Proposition 2. By comparing the optional decisions under
the decentralized and centralized decision, there exist the
following conclusions.

(1) The optimal retail prices under the centralized deci-
sion are lower than those under the decentralized
decision, while the optimal product-market demand
under the centralized decision is higher than that
under the decentralized decision. That is, pS* < pé*,
psT<pit dit>dln dsT>dy

(2) The overall profits of the supply chain and the co-
operation effort degrees of supplier 1 under the cen-
tralized decision are higher than those under the

decentralized decision. That is, n°* > 71 *, s¢* > s4*.

Proof. By comparing the optional decision values under the
decentralized and centralized decision, we can easily de-
termine the conclusions. Hence, the proof is omitted.
According to the above analysis, when two suppliers
choose to cooperate with the retailer at the same time, the

overall profits of the supply chain under the centralized
decision are higher than those under the decentralized
decision making. To achieve the results of the centralized
decision, through her dominant position in the supply chain,
the retailer often takes some measures to coordinate the
suppliers in the process of pricing, so that it is necessary to
design a mechanism to guide two suppliers to accept the
centralized decision pricing to maintain the long-term stable
and sustainable development and overall profits of the
supply chain. O

4.2. Sensitivity Analysis of the Optimal Decisions under Dif-
ferent Conditions. To directly reflect the influence of the
parameters on cooperation effort degrees and the influence
of cooperation effort degrees on the profits of the supply
chain, we conduct a numerical study by taking
Q, =10,Q, =10,¢; =2.5,¢c, = 1.5.

4.2.1. The Effect of Relevant Parameters on the Cooperation
Effort Degrees. In this section, we firstly analyze the effects of
a, B, k, A on the cooperation effort degrees. According to the
conditions, by changing the values of «, 8, k, A, we can make
the changing chart of the cooperation effort degrees of
supplier 1 over the related parameters, as shown in Figure 1.

According to Figure 1, the price sensitivity parameter
and cooperation effort parameter on cost each increase, and
the cooperation effort degrees of supplier 1 will decrease.
With the increase of competition intensity 5 and influence
coefficient on product market demand, the cooperation
effort degrees of supplier 1 will enhance. Then, for supplier 1,
the influence degrees of the price sensitivity parameter on
the cooperation effort degrees are higher than those of the
competition intensity on the cooperation effort degrees. The
higher the price sensitivity is, the lower the cooperation
degree is. The price sensitivity mainly reflects the consumers’
sensitivity to the final retail price; the higher the product
sensitivity is, the higher the cooperation cost will be.
Therefore, the higher the price sensitivity is, the lower the
cooperation effort degrees are. The more the competition
intensity is, the higher the cooperation effort degrees are.
With the increase of the competition intensity, the product
market demand of the suppliers will increase. The more the
unit cooperation cost is, the lower the cooperation effort
degrees are. The cooperation effort degrees will be gradually
reduced as a result of the higher cost of investment and
considering the interests and cost of investment and other
issues. The greater the influence coefficient on market de-
mand is, the higher the cooperation effort degrees are. With
the deepening of the cooperation between the supplier and
retailer, the market demand of the cooperative products will
increase so that the suppliers are willing to input much more
cooperation effort degrees.

4.2.2. The Influence of Cooperation Effort Degrees on Profits.
Taking the relevant parameters as
a=1,=04k=051=0.5 and setting the range of the
cooperation effort degree s to be [0, 3], we could draw the
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Figure 1: Influence of relevant parameters on the cooperation
effort degrees.

changes of the profits of the supply chain members and the
supply chain over the cooperation effort degrees between
supplier 1 and retailer under the competition and cooper-
ation, as shown in Figure 2.

According to Figure 2, with the increase of the co-
operation effort degrees, there exist the following con-
clusions. Under decentralized decision making, with the
increase of the cooperation effort degrees of supplier 1, the
profits of supplier 1 will increase first and then decrease.
Therefore, it can be known that when supplier 1's coop-
eration efforts are in a moderate range (s €[l ~2]), the
effect obtained by supply chain 1 is better. If the coop-
eration effort degrees exceed the moderate degrees, then
the cooperation cost will be too large, which results in the
loss of the profits. Under the decentralized decision, the
more the cooperation effort degrees of supplier 1, the
more the profits of supplier 2. With the increase of the
cooperation effort degrees of supplier 1, the products will
have greater brand benefits, which drives the sales volume
of supplier 2 and increases the profits of supplier 2. With
the increase of the cooperation effort degrees of supplier 1,
the retailer’s profits will increase. The retailer’s profits
mainly come from the sale of the products provided by
two suppliers; when supplier 1 inputs much more coop-
eration effort degrees, the products of the suppliers will have
a better brand benefit, and then it will result in much more
sales of the products and profits. With increase of the co-
operation effort degrees of supplier 1, under the decentralized
decision or centralized decision, the overall profits of the
supply chain will increase; at the same time, no matter the
cooperation effort degrees are high or low, the overall profits
of the supply chain under the centralized decision are higher
than those under the decentralized decision, which further
proves Proposition 2. When the supply chain members input
much more cooperation effort degrees, although it will
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FiGURe 2: The influence of cooperation effort degrees on profits.

produce more costs, the quality and popularity of the
products will be higher, which will drive the sales volume of
the products in the market to some extent and lead to higher
acceptance, thus increasing the overall profits of the supply
chain.

4.3. A Coordination Mechanism through Profit Distribution.
With the continuous expansion of the supply chain in real
life, the relationship of supply chain upstream and
downstream is no longer a simple relationship between
the buyer and the seller, and there are certainly com-
petitive and cooperative relationships. In the two-stage
supply chain with one brand retailer and two competitive
contract suppliers, the retailer is closer to the market, and
then she can obtain more comprehensive and authentic
market sales terminal information, consumer preferences,
and other information in the first time so that she can
quickly respond to market changes. For the suppliers, they
provide homogeneous products for the retailer. To obtain
much more profits, supplier 1 is willing to jointly produce
and fix the price of some products with the retailer by
sharing the retailer’s information, but supplier 2 cannot
do so. However, the cooperation effort degrees of supplier
1 will increase her original production cost, and then its
final profits may reduce with the increase of the coop-
eration effort degrees. Meanwhile, the overall profits of
supply chain members and the optional decisions under
the centralized decision are higher than those under the
decentralized decision, so the supply chain is inclined to
make centralized decisions. To deal with the conflict in the
process of supply chain decision, the retailer and supply
chain often takes some appropriate subsidies to guide the
suppliers to accept the centralized decision. This subsidy
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usually comes from the distribution of profits. In this
section, considering that the profit distribution process is
a negotiation process, based on the group negotiation
model and profit distribution, we attempt to design a
coordination mechanism.

For the supply chain members, if they are willing to
implement the centralized decision, then their profits are
larger than the profits under the decentralized decision.
To bulge supply chain members’ enthusiasm and take
incentive effects, considering the status of the supply
chain members and their contribution to the profits of
supply chain situation, we can separate the profits of the
supply chain members under the centralized decision into
the profits under the decentralized decision and value-
added profits, and the suppliers’ profits under the
decentralized decision are the beginning of the supply
chain members’ negotiations, and then we exploit the
value-added profit distribution and optimization model to
coordinate conflict. The coordination process can be di-
vided into two steps. The first step is to obtain relatively
satisfactory negotiation profits under the decentralized
decision based on the optimization negotiation of the
satisfaction of supply chain members. Based on the first
step, the second step is to distribute surplus profits or
value-added profits under the centralized decision
according to the contribution degrees of the supply chain
members to secondary distribution. Then, the specific
decision process is as follows.

Assume that Amr expresses the value-added profits of the
supply chain, and A = 7°* — 7¢*, while 7", 77, ", express
the members’ profits after the coordination under the
centralized decision, §; (i = r,s1,s2) indicates the market
weight or bargaining power of the dominant retailer and the
two suppliers, and 7/ (i = r, s1, s2) stands for the upper limit
of coordination subsidy of the supply chain. As a result of
pursuing profit maximization, under the centralized deci-
sion, all the supply chain members want much more value-
added profits. To measure its highest satisfaction, supply
chain members will take the optimal wholesale price and
quantity under the decentralized and centralized decision to
calculate their profits. According to the given statement, the
highest satisfactory profits are specifically expressed as
m = (P —wi )i + (p7 —ws)dST, 7l = (i ey,
and 71/, = (w§* —c,)ds". Being the leader of the supply chain,
the retailer will subsidize profits through redistributing
value-added profits and let the desired profit interval of
supply chain members be [7¢*,7/].

Take the profits under the decentralized decision 74 * as
the starting point of the bargaining and the profit satisfaction
né*/nl as the starting point of the game negotiation, re-
spectively, and let p be the coordinate coefficient of satis-
faction of the system. As long as it is greater than the profit
satisfaction, the obtained profits through negotiation are
agreed by supply chain members. If it is lower than the
minimum negotiated profit satisfaction value, the profits
obtained through negotiation are unacceptable. According
to the above discussion and analysis, by making use of the
asymmetric Nash bargaining model, we can establish the
following optimization model:

11
" 7-[d =\ 1r n_nl ﬂdl* Ms1 n,nz ndz* fs2
max§ = | -7 T h "
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TT; TT;
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(28)

Based on the above value-added profit redistribution
model, when each supply chain member is willing to realize
the redistribution of value-added profits, there may be
surplus profits available for distribution. At this time, such
profits will be used by the retailer to distribute cooperative
profits. At this time, since there is a cooperative alliance in
the supply chain, the retailer will subsidize the members, and
the profits of continuing the cooperative subsidy are
Ant = Am —nl! — o, — 7, By using the cooperation effort
degrees of supplier 1 to measure its contribution, we can get
the differences between the optimal cooperation effort de-
grees under the decentralized and centralized decision, and
contribution degree of supplier 1 to the profit growth of
supply  chain, respectively, is as follows:
Amry = ()| oger = 1 ()|igers  and Oy = Amg/nc.
Therefore, the profit subsidy of supplier 1 is ﬂ?{ =0, - Aml,
and the retailer’s final satisfaction profits after the coordi-
nation is n!'* = Am — %" —n%,’. Based on the proposed
mechanism, the profits after the coordination under the
centralized decision are not lower than those under the
decentralized decision, which shows that the proposed co-
ordination mechanism is effective.

5. Conclusions

Concerning the coordination problem of the supply chain,
we analyze the optimal decisions under the decentralized
and centralized decision and explore the impact of coop-
eration effort degree on the profits of supply chain members
and then design a coordination mechanism through value-
added benefit distribution. According to the above discus-
sion and analysis, the proposed coordination mechanism
can effectively deal with conflict problem and guarantee
supply chain members and supply chain to maximize their
profits and adopt the centralized decision. Meanwhile, the
profits of the supply chain and supply chain members,
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optimal retail price, and optimal sales volume under the
centralized decision are larger than those under the
decentralized decision. The profits of the retailer increase
with the increase of suppliers’ cooperation effort degrees;
meanwhile, higher supply chain profits can be obtained after
the coordination of group satisfaction.

Although the proposed coordination mechanism has
been well verified, there exist some shortcomings. For ex-
ample, this paper does not consider the coordination
problems of the supply chains with multiple products and
retailers.
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