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In this study, we examined the contract coordination between manufacturers with peer-induced and distributional fairness
concerns. A revenue sharing contract was introduced to coordinate a competitive supply chain, in which the manufacturers have
different fairness concerns based on centralized decision-making in terms of fairness neutrality. Then, we constructed two game
models—the manufacturer’s peer-induced fairness concern model and the manufacturer’s distributional fairness concern model
and analyzed the influence of a revenue sharing contract on the pricing decisions and profit distribution of a competitive supply
chain considering fairness concerns. The results show that there is a revenue-sharing contract parameter in both the peer-induced
and distributional fairness concerns of manufacturers, which can effectively realize Pareto improvements in a supply chain.
Meanwhile, the retail and wholesale prices both decreased with the increase in the revenue-sharing ratio between retailers and
manufacturers, and the profits of retailers decreased accordingly, but the overall utility of manufacturers and supply chains
improved markedly. Moreover, the coordination condition is closely related to the level of fairness concerns of the manufacturers
and the competition intensity between two manufacturers. The sharing contract designed in this study can not only effectively
improve the utility of retailers and manufacturers but also enhance the total utility of the channel to ensure that node enterprises
have long-term, stable, and cooperative relationships and to strengthen the overall competitiveness of the supply chain.

1. Introduction

There is a strong evidence that competition among manu-
facturers is very common. Similar to that between Pepsi and
Coca-Cola, Airbus and Boeing, and so forth, cases of fierce
competition emerge one after another. Upstream companies
are increasingly pursuing channel fairness. The disequilib-
rium of profit distribution in supply chains exists univer-
sally. Kahneman et al., the winner of the Nobel Prize in
Economics, first proposed the concept of fairness concerns
under the hypothesis of limited rational parties; that is,
economic people focus on the fairness of distribution results
while seeking to maximize their own interests [1]. In the
traditional supply chain model, decision-makers are usually
assumed to be completely rational, meaning they act to
maximize benefits as the decision-making goal. Under the
tendency of fairness-concerned behavior, people take

actions to punish each other at the expense of their own
interests when they perceive unfairness, which has been
confirmed by many empirical and experimental studies. In
the existing literature, equity concerns are usually charac-
terized by introducing profit differentials into the utility
function, taking the profit of the other party as the reference
point of one’s own profit, where utility decreases when the
profit of the other party is higher than that of one’s own, and
vice versa. For ease of exposition, we define a kind of be-
havior that a member cares about the fairness related to
profit allocation as fairness concerns [2].

In practice, competing manufacturers also have equity
concerns, such as Procter & Gamble and Unilever, which
supply Walmart with consumer goods. There is a level
playing field between the two big manufacturers when there
is intense competition between them and when one side
shows signs of profit overtaking and the other side takes
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action to adjust its strategy, such as price competition.
Similarly, the day-to-day aspect of Walmart’s revenue raises
fair-minded concerns for both manufacturers.

In recent years, due to the rapid development of the
market economy and rise of the buyer’s market, many
products in various industries are faced with a situation of
the supply exceeding the demand. The formation of small
alliances to enhance the competitiveness of the entire
channel, so as to coordinate and achieve win-win supply
chain management for channel node enterprises, has be-
come a topic of particular interest. The theory of supply
chain coordination, first put forward by Pasternack in 1985,
has effectively solved the core problem of supply chain
management, namely, the problem of profit distribution [3].
The theory of supply chain coordination is to improve the
efficiency of the entire supply chain by modifying transac-
tion rules, such as contracts or protocols and the related
variables that form the basis of contracts. This theory
abandons the principle that each decision-making body in
the traditional supply chain takes self-interest as its goal and,
through the design of appropriate contract mechanisms,
reshapes the supply chain enterprise cooperative relation-
ship and strengthens the channel’s market competitive
power, thus improving interenterprise cooperative satis-
faction. The existing classic contract mechanisms, such as
sales rebates, revenue sharing, and cost sharing, use different
coordination mechanisms to effectively solve the common
supply chain phenomena of the marginal and bullwhip
effects. The revenue-sharing contract is a common coordi-
nation mechanism based on a new income redistribution
principle. The practice proves that its flexible distribution
mechanism is especially suitable for a competitive supply
chain with price-dependent demand.

Since Pasternack put forward the concept of supply
chain coordination, more and more contract coordination
mechanisms have been incorporated in supply chain
management as part of the four basic supply chain contracts.
There are two main types of revenue-sharing contracts. One
involves the comparative study of revenue-sharing contracts
and traditional wholesale price contracts. Another approach
considers the application of revenue sharing contracts in a
multiechelon supply chain.

Comparative studies have been done on revenue-sharing
and traditional wholesale price contracts [4]. Yan and others
constructed a simple two-level supply chain model with
product quality and service guarantee. They discussed the
profit distribution problem caused by the length of the
warranty period for the node enterprises of the system and
then designed a revenue-sharing contract coordinated with
the warranty cost. The results showed that their contract
solved the coordination problem which could not be realized
by a traditional wholesale price contract [5]. Most studies
focus on distributional fairness concerns in the wholesale
price contract [6]. Luo and Tian considered the retailer’s
risk-averse preference and found that the common whole-
sale price contract cannot achieve the optimal benefit al-
location of the supply chain under centralized decision-
making. Therefore, a revenue-sharing contract was intro-
duced to coordinate the double marginal effect of the supply
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chain, which improved the profit of both firms considered
and improved the efficiency of the system [7]. Xu and others
compared a wholesale price contract and a revenue-sharing
contract in a multimanufacturer competition and cooper-
ation game and analyzed the similarities and differences of
the two systems’ revenue distribution.

Research has also been carried out on improving and
combining two revenue-sharing contracts [8]. Jane and
others studied the influence of risk preference on a supply
chain contract model, taking revenue sharing and wholesale
price contracts as examples. They calculated the optimal
decision of the supply chain system when a revenue-sharing
contract was introduced and analyzed the effectiveness of the
risk control tool CvaR for the contract model [9]. Liu and
Shu found that a simple revenue-sharing contract or cost-
sharing mechanism cannot coordinate a supply chain when
considering service integrators’ preference for fairness. The
combination of the two can solve the problem of supply
chain profit coordination, and a combination contract has
coordination flexibility [10]. Zhao and Xu studied the supply
chain coordination problem in the mixed channel of tra-
ditional retail and electronic direct selling. By designing an
improved revenue-sharing strategy based on the wholesale
price of manufacturers, the dual coordination of mixed
channels could be realized and the channel conflict could be
resolved [11]. Dan and Xu designed a traditional positive
direction two-party revenue-sharing contract that also im-
proved the reverse direction, which can achieve two-channel
inventory coordination between enterprises [12]. Cao et al.
studied the decision-making and coordination problem of a
dual-channel supply chain considering customer preference
and designed an improved revenue-sharing contract based
on a simple price mechanism to realize dual-channel closed-
loop supply chain coordination [13]. On this basis, Zheng
et al. further researched the coordination of a closed-loop
supply chain with fairness concerns [14]. Sharma et al. in-
vestigated the fairness concerns of the channel members in a
two-echelon supply chain composed of single supplier and
single retailer, wherein the retailer procures products from
the supplier using the option contract [15]. Wang studied the
coordination of a two-echelon supply chain with bilateral
information asymmetry and retailer risk aversion, and an
effective compensation parameter for supply chain coor-
dination was obtained [16].

Other studies have considered the application of three-
level revenue sharing contracts in multiechelon supply
chains. For the first time, a revenue-sharing contract was
introduced from a two-echelon supply chain to a three-
echelon supply chain. It was found that the model could not
only improve system efficiency by adjusting the contract
parameters, it could also increase profits for all supply chain
participants [17]. Hong and others constructed a complex
three-echelon supply chain model consisting of manufac-
turers, distributors, and grey speculative markets. A com-
pensation contract based on a revenue-sharing contract was
designed to solve the coordination problem of a grey
speculative market supply chain [18]. An improved gain/loss
and risk-sharing portfolio contract was designed for a three-
echelon supply chain with uncertain production and
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demand [19]. Zhang and Wang established a three-level and
two-channel complex supply chain structure. After ana-
lyzing the system pricing decision, they used a combination
contract of quantity elasticity and revenue sharing to realize
supply chain profit coordination. In this study, a reasonable
joint contract parameter was proposed which increases the
profit of three-node enterprises and the whole supply chain
[20].

To sum up, the aim of this paper was to find a contract
mechanism that can coordinate a competitive supply chain
with different fairness preferences and to explore the co-
ordination principle of this mechanism. We established a
supply chain model consisting of two competing manu-
facturers and one retailer, introduced the fairness concern
theory of behavioral economics, considered the decision-
making choice of supply chain members under the different
manufacturers’ fairness concerns, and compared and ana-
lyzed optimal decision-making and profits under three
fairness concerns. Finally, we examined the fairness rela-
tionship of the manufacturers, the impact of the fairness
concern level on the supply chain system, and the design of a
revenue sharing contract to coordinate the supply chain
system.

2. Definitions and Assumptions

In this study, we established a supply chain model consisting
of one retailer and two competing manufacturers, which sell
products through the same retailer. The relevant assump-
tions of the model are listed below:

(1) In order to simplify the calculation and to facilitate a
focused analysis of the impact of equity concerns on
the supply chain, it was assumed that both manu-
facturers A and B have the same production costs C,,,
for their products, given that they produce only one
product which are alternatives and they supply
products to the same retailer at the wholesale price
W, (i =1,2,j=3-1i). The retailer sells the product
to the consumer at the retail price P;(i=
1,2, j = 3 —i), assuming that the cost of selling the
two products is the same (C,) [21].

(2) The consumer market satisfies the Bertrand model
[6], and the demand function is q; = Q, - P; + yP,
where the basic market demand is Qy; P; and P; are
the retail prices of the two alternative products,
respectively, (i = 1,2, j = 3 —i); and y represents the
competition between the two products, 0 <y <1.

(3) According to game theory, this paper establishes a
manufacturer-led Stackelberg game model, and the
dynamic game order of the supply chain is as follows
[22, 23]: firstly, the two manufacturers determine
their wholesale prices W, according to each other’s
prices. Then, the retailer reacts to determine the
product’s retail price P;. Finally, the retailer sells
products to consumers to meet market demand
[24-26]. All members are rational and pursue own
benefit maximization.

Based on the above assumption (Table 1), each decision-
maker rationally plays the game with the goal of pursuing his
own profit maximization when all members in the supply
chain system are fair and neutral [14]. At this point, the
profit function for manufacturers, retailers, and the whole
supply chain is as follows:

m = (Wi=Co)(Qu=Pi+yP)). i=12j=3-i, (1)

2
ﬂr=Z[(Pi_Cr_Wi)(Qo_Pi+VPJ)]’ @
i=1

2

T[:Z[(Wi_Cm)(Qo_Pi+ypj)+(Pi_Cr_Wi) (3)
i=1

(Q P+ yPy))

According to equation (2), the second derivative of the
retailer’s profit function with respect to retail price is a
concave function since the system has a unique optimal
retail price. In this case, the retailer’s response function is
derived from the first-order optimality condition:

Pl=Q0+(1_V)(Wi+Cr)
' 2(1-y) )

When we put equation (4) into equation (1), the optimal
wholesale price of the manufacturer is derived from the first-
order optimality condition:

* -1)C, +C
Wl‘ :QO+(Y ) 7’+ m. (5)
2-y

(4)

When we put equation (5) into equation (4), we get the
optimal retail price of the retailer:

Pt o (3-2p)Q,+(1-y)(C, +C,)

‘ 21-y)(2~-y) '

Then, when we put equations (5) and (6) into equations

(1)-(3), we get the maximum profits for the manufacturer,
retailer, and the whole supply chain:

(6)
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Among them, A =Q, + (y - 1)(C,, + C,), and it is easy
to verify A>0.

3. Decentralized Decision-Making When
Competing Manufacturers consider
Fairness Concerns

In order to study the influence of a decision-maker’s equity
concern on the supply chain system, we introduced the
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TABLE 1: Parameters and their meanings.
Parameter Meaning
Q, The basic market demand
C,, The production costs
W, The wholesale price
A The factor of fairness concern
y The competition coeflicient
C, The cost of selling products
P; The retail price
%) The revenue-sharing coeflicient

equity concern coefficient A to express the decision-maker’s
equity concern degree to the reference point. Here, we as-
sumed that both competing manufacturers have a preference
for fairness concerns and use each other’s profits as a point of
reference to measure their own utility. This horizontal equity
concern, also known as peer-induced equity concern, mostly
exists between two agents engaged in the same activities: one
side using the other as a decision-making criterion to judge
fairness [27-32]. In this paper, the superscript “~” is in-
troduced to represent the decision-making of two competing
manufacturers when they induce equity concerns on an
equal footing. The utility function of the manufacturer was
assumed to be as follows [15]:

U=m-Mnj-m), i=12,j=3-i (10)

Among them, A (A > 0) is the fairness concern coefficient,
and for the sake of comparison, it was assumed that the two
manufacturers have the same degree of fairness concern; that
is, the two manufacturers have the same fairness concern
coefficient. A = 0 means that the two manufacturers are fair
and neutral. A — +00 means that the manufacturers are
extremely concerned about fairness and are willing to pay a
great cost to ensure fairness. Formula (10) shows that the
utility function of the manufacturer decreases with the in-
crease in the factor of fairness concern A when the com-
petitor’s profit is higher than his own, whereas when the
competitor’s profit is lower than his own, the utility function
of the manufacturer increases with the increase in the factor
of fairness concern A.

3.1. Decentralized Decision-Making When Competing Man-
ufacturers Are Equally Induced to Equity Concerns. The
objective functions of the retailer and the whole supply chain
are as follows when the manufacturer is equally induced to
equity concerns:

S

ﬁr:Z[(Pi—cr—Wi)(Qo—Pi+YPj)]’ ()

2
7= Z[”i - /\(nj - ni) +(P,-C, - Wi)(QD -P,+ yﬁj)].

i=1
(12)

Like the game process in the previous section, the op-
timal wholesale price, retail price, market demand, and
optimal profit of the manufacturer, retailer, and whole
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supply chain were obtained by using backward induction.
The procedure is as follows.

According to equation (11), the second derivative of the
retailer’s profit function with respect to retail price is a
concave function since the system has a unique optimal
retail price. Assuming 97,/0P; = 0, we get the retailer’s
response function:

l‘j‘:Qo-l_(l_y)(WiJ’_Cr)
' 2(1-y) '

By substituting equation (13) for equation (10), the
second derivative of the manufacturer’s profit function with
respect to wholesale price is a concave function, which shows
that the supply chain system has a unique optimal wholesale
price. Let 0U,/OW, = 0. From this, we get the optimal
wholesale price of the manufacturers when fairness concerns
are equivalently induced:

(13)

W= Q1+M)Q,+(1+M)(y-1C, +(1+A+7yA)C,
[ Al ‘

(14)

When we put equation (14) into equation (13), we obtain
the optimal retail price when the manufacturers induce
fairness concerns equivalently:

pr o B+31-2y—yDQ+ (1 -p) A1+ A+ YV (C, + C,)
. 20, (1-y)

(15)

According to the above formula, the product demand
can be obtained when the manufacturers induce fairness
concerns equivalently:

7 - (1+yA+1)[Q, +(y -1 (C, +C,,)]

; . 16
: 2 (16)

Then, we put equations (14) and (15) into equations (10)
and (11), and we get the optimal utility of the manufacturer
and the optimal profit of the retailer when the manufacturers
induce fairness concerns equivalently:

o’ :A2(1+A)(1+y)t+)t)

) (17)
202

g A pA+A)

T A .

We assumed that the two manufacturers are symmet-
rical, and U; = 7] obviously exists. Then, we get the total
profit of the supply chain:

- CAZ(3+30-yA-2p)(1+yA+))
- 2(1 - p)A?

) (19)

where A; =2(1 + 1) — y. It is easy to verify A, >0 under the
assumption of the fair concern coefficient A and the com-
petition coefficient y.

In summary, (P, W) is the price strategy chosen by the
retailer and manufacturer when competing manufacturers
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induce fairness concerns equivalently and 7" is the total
profit of the supply chain in this case.

3.2. Decentralized Decision-Making When Manufacturers
Distribute Fairness Concerns. As a decision-maker with a
fairness preference, the manufacturer’s reference point is not
only limited to its competitors but may also include a
downstream retailer in the same supply chain. Therefore, we
assumed here that both competing manufacturers have a
fairness concern preference and use the retailer’s profit as a
reference point to measure their own utility. This vertical
equity concern, also known as distributive equity concern,
mostly exists in the game relationship between a principal
and an agent. This section introduces a decision-making
model in which the superscript ‘-’ indicates that two
competing manufacturers have distributive equity concerns.
We assumed that the utility function of the manufacturers is
U-=m-A(n,-m), i=12,j=3-i (20)
The profit functions of the retailer and the whole supply
chain are as follows:

[(P;-C, -W,)(Q, - P, +vP;)), (21)

T, =

M

I
—_

T =

™Mo

Il
—

7~ A(m, —m) + (P~ C, ~W,)(Q, - P, +vP;)]
(22)

Like the game process in Section 3.1, the optimal
wholesale price, retail price, market demand, and optimal
profit of the manufacturer, retailer, and whole supply chain
were obtained by using backward induction. The procedure
is as follows.

According to equation (21), the second derivative of the
retailer’s profit function with respect to retail price is a
concave function since the system has a unique optimal
retail price. Assuming 07,/0P; = 0, we get the retailer’s
response function:

§‘=Q0+(1_V)(Wi+cr)
' 2(1-y) '

By substituting equation (23) for equation (20), the
second derivative of the manufacturer’s profit function with
respect to wholesale price is a concave function, which shows
that the supply chain system has a unique optimal wholesale
price. Let 0U,/OW, = 0. From this, we get the optimal
wholesale price of the manufacturers when they distribute
the equity concern:

s (1+21)Q, +(1+2))(y - 1C, + (1 +1)C,,

wW.
i AZ

(23)

(24)

By substituting equation (24) for equation (23), we
obtain the optimal retail price when the manufacturers
distribute the equity concern:

5
5o _ (5A+3-491-29)Q, +(1-y)(1+1)(C, +C,),)
P 2(1-yp)h, )
(25)
q* — (1+A)[Qo+(y_ 1)(Cr+cm)] (26)

i 24,

Then, we put equations (24) and (25) into equations (20)
and (22), and we get the optimal utility of the manufacturer
when manufacturers distribute the equity concern:

— (1+A)*A+A -y -2y1A?

U, = 20— Al . (27)

We assumed that the two manufacturers are symmetric,
and U, = 7 obviously exists. Then, we obtain the retailer’s
profit and the supply chain’s profit when the manufacturers
distribute the equity concern:

. (1+))2a

T 29

_._a +A)2 (3 = 2y + 21 — 4pL) A2

2(1-y)A ’ 29

where A, = 31 + 2 — 2yA — y. It is easy to verify A, > 0 under
the assumption of the fairness concern coefficient A and the
competition coeflicient y.

In summary, (P;, W, ) is the price strategy chosen by the
retailer and manufacturer when competing manufacturers
distribute the equity concern and 77*is the total profit of the
supply chain in this case.

4. Revenue-Sharing Contract When Competing
Manufacturers Are Concerned about Fairness

In this study, we examined a revenue-sharing contract in a
competitive supply chain consisting of one retailer and two
manufacturers, where the manufacturer had peer-induced
fairness concerns and distributional fairness concerns, and
analyzed the supply chain decision-making problem under
different fairness preference modes. Here, the retailer was
considered by setting the revenue sharing ratio; that is, the
manufacturer offers the retailer a lower wholesale price, and
the retailer shares a part of its revenue with the manufacturer
to make up for the manufacturer’s loss by lowering the
wholesale price [33-37]. The revenue-sharing coefficient ¢ is
introduced here, which means that retailers share ¢ part of
their revenue with manufacturers. Because the two manu-
facturers are in competition with each other, and in order to
facilitate the comparison of subsequent results, we assumed
that both manufacturers enjoy proportional ¢/2 returns
from retailers [38-43].

In order to make the supply chain under the decen-
tralized decision-making modes reach the optimal level of
centralized decision-making, firstly, a supply chain model
under fair and centralized decision-making was established.
The overall profit function of the manufacturer, retailer, and



supply chain under the manufacturer’s fair and centralized
decision-making is as follows:

7 =(W;-Cp)(Q - P;+yP;), i=12j=3-i,
(30)
2
:Z(Pi_cr_wi)(Qo_Pi+YPj)’ (31)
i=1
2
n=) (W;-C,)(Q, - Pi+yP;))
o (32)

2
+ Y (P;=C, - W;)(Q,— P; +yP)).

i=1

The second-order derivative of the total profit 7 of the
supply chain with respect to the retail price P, is obtained by
using the backward induction method: 9°7/0P? = 4(y—
1) <0; that is, the supply chain has a unique optimal retail
price.

Because the goal of centralized decision-making is to
achieve profit optimization for the whole supply chain, the
first derivative of the profit of the supply chain with respect
to the retail price was obtained and made to be zero in this
paper, 0r/0P; = 0, and the optimal retail price of a supply
chain under fair and centralized decision-making by a
manufacturer was obtained, and the superscript “c” was used
to represent the optimal solution under the centralized
decision:

p° — p° :Qo+(1_y)(cm+cr)
2(1-vy)

i =L (33)

4.1. Manufacturers’ Peer-Induced Fairness Concerns Are In-
troduced into Revenue-Sharing Contracts. This section dis-
cusses supply chain systems that introduce revenue-sharing
contracts to coordinate supply chains to remove their dual
marginalization effects when manufacturers are peer in-
duced to fairness concerns. It makes the system efficiency
under decentralized decision-making reach the best level
under fair and centralized decision-making. Here, the su-
perscript “s” is introduced to mean the optimal decision-
making of the revenue-sharing contract, and contract
(W}, ) was designed to coordinate a competitive supply
chain in which the manufacturer has a tendency towards
peer-induced fairness concerns. Wiis the manufacturer’s
wholesale price at this time, and the revenue-sharing ratio ¢
is given to the manufacturer by the retailer.

Conclusion 1. Supply chain coordination can be achleved
when the wholesale price of the product satisfies W, () =
[(2-9)C,, —¢C,1/2(1 - y) and U >U >, and the
revenue-sharing contract can reahze supply chain coordi-
nation when the manufacturers’ fairness concerns and the
competition intensity are related.

This paper proves that the utility functions of two
manufacturers with peer-induced fairness concerns are as
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follows: when a revenue-sharing contract is introduced into
the supply chain,

2
U, = Z[%Pf(QO -P+ yf);)] +; - /\(ﬂj - 7t,-),
i=1 (34)

i=1,2j=3-i

Accordingly, in the case of a manufacturer’s peer-in-
duced fairness concern, the retailer’s profit function with a
revenue-sharing contract is

i[(l——)P C, - W](Qo—ﬁjwﬁj). (35)

i=1

Under the first-order optimality condition, the response
function of the retailer is

=5 C 1- ~ s ~ s
D= Q +—"+ Y(Wi —yW.),
2(1-y) 2-9 2-¢ !

(36)
po_Q G 17y
Io2(1-y) 2-¢ 2-9¢

In the coordinated state of the supply chain, the deci-
sion-making of both sides of the supply chain make the
whole supply chain system reach a centralized state level of
P = P%. Then, formula (36) is equal to formula (33), namely,

(W} = yW?).

Q/2(1—y)+C/2 p+1-y2-9(W; yW) Q,+(1-
y)(C,, +C,)/2(1 - y). From this, we get
Vel _ (2_¢)Cm_q)Cr TS

At the same time, because P PC that is, Q,/2(1- y) +
C.l2—p+1-y/2- go(W -y W) (1 ) (C,,+C,)/2(1-
1)Q,/2(1—y), we get

Vel (2_(p)cm_¢cr Vel
w- =+ yW..
] ((P) 2 (1 _ Y) Ty )

Simultaneously, formulas (37) and (38) provide the
optimal wholesale price when the supply chain system in-
troduces the revenue-sharing contract, taking into account
the manufacturers’ fairness concerns:

(38)

(39)

Under the revenue-sharing contract mechanism, the
wholesale price is determined when the manufacturer has a
peer-induced fairness preference. Here, it was found that the
contract can achieve supply chain coordination.

In this case, by substituting formula (36) for formula
(39), we can obtain the optimal retail price when the
manufacturer introduces the revenue-sharing contract:

PS _ Qg (2 - ¢)Cm + (1 B ¢)Cr
F2(1-y) 2-¢ '

At this point, substitution of formula (39) gives the
retailer’s profit as follows:

(40)
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~_[-»C-9Q+[1-20-p’][(p-2)C, + ¢C/]
r Z(I_y)z

Q, C,(1-9)
(o)

At this point, substitution of formula (39) for formula
(34) gives the manufacturer’s utility as follows:

(41)

[ e [20-p*e-D+2-9]C,
U =
il20-y) 2(1-y)°
N2 (T _
Lea-via-g-ge @]Cr} (42)
22-9)(1-y)

Q, C (1-9¢)
[3-anfen50))

Thus, according to formulas (39) and (40), the total
utility of the supply chain at this point is obtained as follows:

Y(z _Y)Cr}
(1-y)

Q, C,.(1-9)
[( )

In addition, after coordinating the revenue-sharing
contracts, in order to achieve the goal of stimulating co-
operation between enterprises in various nodes, it is nec-
essary to ensure that the manufacturer’s utility and the
retailer’s profit are not less than before the coordination,
U;>U;,7 =27 The range of values cannot be expressed
directly after solving this equation, so a numerical simula-
tion was carried out, and it was observed that the proportion
of revenue-sharing ¢ needs to satisfy certain relations with
the fairness concern coeflicient A and the competition in-
tensity p; otherwise, the manufacturer will refuse to accept
the contract for reasons of fairness.

(43)

4.2. Manufacturer’s Distributional Fairness Concerns Are
Introduced into Revenue-Sharing Contracts. Here, we discuss
supply chain systems that introduce revenue-sharing con-
tracts to coordinate supply chains to remove their dual
marginalization effects when manufacturers’ distributional
fairness concerns arise. It makes the system efficiency under
decentralized decision-making reach the best level under fair
and centralized decision-making. In this study, the revenue-
sharing contract (W, ¢) was used to coordinate the com-
petitive supply chain in which the manufacturer has a
tendency towards distributional fairness concerns, which is
the wholesale price of the manufacturer (Wf) and the
revenue-sharing proportion ¢ of the retailer.

Conclusion 2. A revenue-sharing contract can achieve
supply chain coordination when the wholesale price is

satisfied W () = [(2 - ¢)C,, — ¢C,1/2(1 - y)*, U, >U;,
m,>7,, and the coordination conditions are related to
fairness concerns and the competition intensity between the
two manufacturers.

This paper proves that the utility functions of two
manufacturers with distributional fairness concerns are as
follows, when revenue-sharing contracts are introduced into
the supply chain:

U = i[(PP(Q P+yP)] 7 - A(m, - ),

i=1

(44)
i=1,2,j=3-1

In the case of the manufacturer’s fairness concern, the
retailer’s profit function with a revenue-sharing contract is
as follows:

=Y. -w|@-F ). s

i=1

The retailer’s response function is derived from the first-
order optimality condition:

-~ Q G

(I-y)
i_2(1—y)+2—<p

2-¢

(Wi =yW)),

(46)

o2 G
7o2(1-y)

In the coordinated state of the supply chain, the decision-
making of both sides of the supply chain makes the whole
supply chain system reach a centralized state level of P; = P¢;
that is, formula (46) is equal to (33), namely, (Q,/2(1-v))+
(C/ (2= )+ (1-)/ 2 - ) (W, —yW') = (Q,/2(1 — 7).
From this, we get

(1_ ) A 7S
¥ 2_; (W5 - yW)).

S

2 - _
(2-9)C, (”C’+yw

Vio=Tmasy T

(47)

At the same time, because PS P” namely, (Q,/2(1-

)+ (C/2-9)+ (1-p)/(2- <p))(W YW = ((1-y)
(C, +CI2(1-9))(Q,/2(1 —y)), we get
o 2-9)C,,—¢C, s
W' (9) = ) + YW (48)
Simultaneously, formulas (47) and (48) result in
e _ (2 B (P)Cm B gDCr
Wi (p) = 2(1- )/)2 (49)

Under the revenue-sharing contract mechanism, the
manufacturer has the wholesale price when the distribu-
tional fairness preference is established. Here, it was found
that the contract can realize coordination of the supply
chain.

In this case, substituting formula (46) for formula (49)
provides the optimal retail price when the manufacturer
introduces a revenue-sharing contract:



. Q,
P =
t2(1-y)

At this point, the substitution of formula (50) for for-
mula (45) yields the retailer’s profit as follows:

- :{(1 —V)(2—<p)Qg+[1—2(1_,,)2][(¢_2)Cm+¢cr]}

r 2(1 - y)?
Q, C. (1
-[7—(1—V)<Cm

+ - _(P)>].
2-9¢

2-¢9)C,, +(1- (p)C,.

e (50)

(51)

@* — 6pA — 4gy + 49’y — 8pA + 2¢y* — 2%y + 49*A + 3¢?A)
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At this point, substituting expression (50) for expression
(44) provides the manufacturer’s utility as follows:

L (p-20Q,

sz{c,(u— i
22-9)(1-y)

[__<1_ (cm+c<1 @)].
2-¢

So, according to formulas (51) and (52), the total utility
of the supply chain is U° = 7 + Y7 U,

In addition, after coordinating the revenue-sharing
contracts, in order to achieve the goal of stimulating co-
operation between enterprises in various nodes, it is nec-
essary to ensure that the manufacturer’s utility and the
retaller s proﬁt are not less than before coordination,
U; >U;, 7 >7". The range of values cannot be expressed
dlrectly after solving this equation, so a numerical simula-
tion was carried out, and it was found that the proportion of
revenue sharing ¢ needs to satisfy certain relations with the
fairness concern coefficient A and the competition intensity
y; otherwise, the manufacturer will refuse to accept the
contract for reasons of fairness.

5. Numerical Example

In order to verify the correctness of the proposed model and
compare the effectiveness of revenue-sharing contracts more
intuitively, the above conclusions were simulated. The as-
signment was as follows:

Let the cost of production for the manufacturer be
C,, = 15, the cost of sales for the retailer be C, = 5, and the
market demand function for the product be
q; =140+ P, — 0.3P,.

s 35-20¢
U; =|{ 100 + e ¢ +15.61224490 — 20.40816327¢ || 70 -

o CAP(B3+3A-pA-2y)(1+yA+A)

P 2(1-y)A2

2(1 _Y) + (‘P - 3A)Cm}

(52)

5.1. Numerical Analysis of Supply Chain with a Revenue-
Sharing Contract considering Manufacturer’s Peer-Induced
Fairness Concerns. The retailer’s and manufacturer’s utilities
after decentralized decision-making and the revenue-shar-
ing contract were compared when the manufacturer’s
fairness concern level and revenue sharing coefficient
changed, as shown in Table 2.

The results in Table 2 show that ¢ = 0.1, which means
that the manufacturer’s utility with a revenue-sharing
contract cannot exceed the level of centralized decision-
making; that is, revenue-sharing contracts cannot coordi-
nate a supply chain in which the manufacturer’s peer-in-
duced concerns are met. When the retailer’s revenue-sharing
ratio is 0.7, with the change in A, the utility of the manu-
facturer and the retailer with a revenue-sharing contract was
effectively improved. The results support conclusion 1 that
the retailer’s revenue-sharing ratio needs to satisfy certain
conditions with the manufacturer’s fairness concern coef-
ficient U: 2[7: ,, >7;. The contract is to coordinate the
supply chain.

Then, when the conditions are met U; >U; , 7 > 7, how
will the change in the retailers’ revenue-sharing parameters
affect the supply chain system? We used A = 0.2 to observe
the influence of the retailer’s income distribution on the
supply chain.

Based on the validity of U,
obtained

e
>U,;,m,27m,0<p<1, we

0.7(35 - 209)
2-¢

>

(53)

=2721.6.
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TaBLE 2: Comparison of utility between two decision-making situations in manufacturer’s peer-induced equity concerns.
0 0.1 0.7
& 7 U; o i & Ui o
0.1 9015 4011 1464 2733 6359 4011 4850 2733
0.2 9015 4082 1464 2722 6359 4082 4850 2722
A 0.5 9015 4235 1464 2695 6359 4235 4850 2695
1 9015 4382 1464 2667 6359 4382 4850 2667
10 9015 4720 1464 2596 6359 4720 4850 2596

Therefore, ¢ <1.53:

7, = 2[<1 —2)<100+w>] [70_M]
2 2-9¢ 2-¢

0.7(35 - 209)
- 2(35.61224490 - 20.40816327) | 70 - ——>——",
-9
. A2(L+9pL+1)?
IS LA LA NPT YS Y
2(1 - p)A;

(54)

Therefore, ¢>0.56. In summary, the revenue-sharing
ratio of this time value range was 0.56 < ¢ <1 (Table 3).

Observing the results of the table above, it can be seen that,
in the range of the effective revenue-sharing ratio, the retail and
wholesale prices both decreased with the increase in the rev-
enue-sharing ratio between retailers and manufacturers, and at
the same time, the profits of retailers decreased accordingly, but
the overall utility of manufacturers and supply chains improved
markedly. Obviously, the manufacturers and retailers can ef-
fectively increase the demand of products and improve the
overall efficiency of the supply chain after considering the
revenue-sharing contract by decreasing the price. In real life,
many enterprises take the strategy of small profits and quick
turnover to maximize the overall benefit.

In order to compare the utility and decision changes of
the supply chain with revenue-sharing contracts, Maple 17.0
was used (Figure 1) to analyze the impact of revenue-sharing
contract on the optimal decisions which considering
manufacturer’s peer-induced fairness concerns.

The results in Figure 1 show that, in the range of ef-
fective revenue sharing, for example, in (a), the wholesale
price of the manufacturer at this time was less than the
decentralized decision, and with the increase of retailer's
revenue-sharing proportion, the wholesale price of man-
ufacturer to retailer will also decrease, (b). Because of the
reduction of the wholesale cost, the retail price of the re-
tailer decreased correspondingly, which had a negative
correlation with the revenue-sharing coefficient and was
less than the retail price when the retailer made the
decentralized decision; (c) there was a negative correlation
between retailer’s profit and the proportion of revenue
sharing, but the total revenue was obviously higher than
that of decentralized decision-making. As shown in
Figure 1(d), there was a positive correlation between the
utility of the manufacturer and the proportion of revenue
sharing. Although the retailer’s revenue decreased with the
proportion of revenue sharing, the effective improvement

TaBLE 3: Effect of variation in other parameters when manufac-
turers are peer-induced to fairness concerns.

=S S S S

¢ P; Wi I, 0;‘ U

0.56 116.5 19.2 6978.5 4057.4 15093.2
0.61 116.4 18.2 6757.3 4340.2 15437.7
0.66 116.3 17.1 6536.1 4623.3 15782.7
0.71 116.1 16.1 6314.9 4906.7 16128.3
0.76 116.0 15.1 6093.8 5190.4 16474.5
0.81 115.8 14.1 5872.7 5474.4 16821.4
0.86 115.6 13.1 5651.7 5758.7 17169.1
0.91 1154 12.0 5430.7 6043.5 17517.7
0.96 115.2 11.0 5209.9 6328.6 17867.2

of the manufacturer’s utility offset the decrease of the
proportion of revenue sharing. Thus, the overall utility of
the supply chain in Figure 1(e) increased with the increase
in the revenue sharing ratio coefficient. Therefore, the
shared contract designed by this research can not only
improve the retailer’s and manufacturer’s revenue but also
enhance the total utility of the channel, ensuring a long-
term, stable, and cooperative relationship of the node
enterprises and strengthening the overall competitiveness
of the supply chain. In addition, the numerical simulation
showed that the range of the revenue-sharing ratio needs to
be greater than or equal to 0.56, which indicates that, under
the contract mechanism, the profit ratio of the supply chain
to the manufacturer concerned with peer-induced fairness
should be at least higher than 0.56; otherwise, coordination
of the supply chain cannot be realized.

5.2. Numerical Analysis of Supply Chain with Revenue-Sharing
Contract with Manufacturer’s Distributional ~Fairness
Concerns. The change in the utility of the retailer, the
manufacturer, and the supply chain as a whole is shown in
Table 4, for when the manufacturer’s equity concern and
revenue-sharing coefficient change.

The results in Table 4 show that, at that time ¢ = 0.7, the
total utility of the manufacturer and the supply chain
showed a negative increase with the increase in A. Similarly,
when other ¢ values were taken, the same situation also
occurred; that is, revenue-sharing contracts could not co-
ordinate the supply chain in which the manufacturer had
distributional fairness concerns. This result supports con-
clusion 2 that the retailer’s revenue-sharing proportion
needs to satisfy certain conditions with the manufacturer’s
concern coefficient of fairness U, >U,,7 >7, and the
contract needs to coordinate the supply chain.
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FiGure 1: Effect of RS contract on supply chain of manufacturer’s peer-to-peer-induced equity concern: (a) the impact of RS on W-Price;
(b) the impact of RS on R-Price; (c) the influence of RS on retailer profit; (d) the influence of RS on manufacturer profit; (e) the influence of
RS on the total utility of supply chain.
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TaBLE 4: Impact of changes in other parameters.
" 0.7 0.8 0.9
— F FTS — == 7T — FTS FFS
7 U; U 7 U; U 7S U; U
0.1 6359 3744 13848 5917 4276 14468 5475 4808 15090
0.2 6359 2639 11638 5917 3134 12185 5475 3629 12733
A 0.5 6359 -676 5006 5917 -295 5333 5475 93 5660
1 6359 -6203 -6048 5917 -6001 -6085 5475 -5801 -6127
6359 -17256 —-28155 5917 -17420 —28922 5475 -17589 -29702
In addition, in the range of the effective revenue- . 1261.71 % ¢ — 457.14 * ¢* — 808
sharing ratio, when the manufacturer’s fairness concerns Ui = 471429 x ¢ + 2-¢
were constant, the retail price and the wholesale price
decreased with the increase in the retailer’s revenue- _1249.5% ¢ +1092 * 9* — 280 x ¢° +343 491.43
sharing ratio. The retailer’s profit decreased corre- (2- ¢)? o
spondingly, but the total utility of the manufacturer and ) ,
the supply chain increased obviously. When the pro- U= A+ (A+A-y-29)A" 2680.1

portion of the retailer’s revenue sharing was constant, the
utility of the supply chain and the manufacturer de-
creased, or were even negative, with the increase in the
two manufacturers’ fairness concerns, and the retailer’s
profits were unaffected. The two manufacturers’ fairness
concerns cannot increase without limitation, the high
fairness concerns will make its own and whole supply
chain’s profits reduce. In real life, the benefits of both sides
only can be optimized by considering the appropriate
fairness concern.

In order to examine more intuitively the impact of
changes in the manufacturer’s fairness concerns on the
utility of the supply chain, Maple 17.0 was used to analyze
impact of A on the optimal decision under revenue-sharing
contract, as shown in Figure 2 (since the retailer’s utility is
not affected by the level of fairness concerns, it is not an-
alyzed here).

The results in Figure 2 show that the overall utility of
both the manufacturer and the supply chain was affected by
the degree of equity concerns in the effective revenue-
sharing range, and there was a negative correlation between
A with the two and an upper bound. The overall utility for
both the manufacturer and the supply chain above this
value will be negative. It can be seen that the manufacturer
with a preference for distributional fairness concerns
should reduce its concerns when it receives the shared
profits from retailers to ensure its utility as well as that of
the whole supply chain.

Based on the above findings, when the conditions are
met Uf ZU: , 7, >, how will the change in retailers” rev-
enue sharing parameters affect the supply chain system? We
used A = 0.2 to observe the influence of the retailer’s income
distribution on the supply chain.

Based on the validity of U, >U,, 7 >7/,0< <1, we
obtained

! 2(1-yp)A2

1745 — 1997.14 % ¢ + 571.43 * ¢

7T, =9014.29 — 4142.86 * ¢ +

2-9¢
2817.5 % ¢ + 1540 * ¢? — 280 * ¢* + 1715
2-¢) '
. (1+1)2A2
= = 3436.1.

T2 - A
(55)

In summary, the revenue-sharing ratio value range is
0.71<¢p<1.

According to the range of the revenue-sharing pro-
portion, in this study, it was assumed that, for ¢, the change
in the step length is 0.1. The optimal decision-making and
utility change of the supply chain were obtained when the
revenue sharing proportion coeflicient was different, as
shown in Table 5.

Table 5 shows that, in the range of the effective revenue
sharing ratio, the retail and wholesale prices both decreased
with the increase in the revenue-sharing ratio between re-
tailers and manufacturers, and at the same time, the profits
of the retailers decreased accordingly. However, the overall
utility of the manufacturers and supply chains improved
markedly.

To make a more intuitive comparison of the utility and
decision-making changes in a supply chain with revenue-
sharing contracts, Maple 17.0 was used to analyze the impact
of revenue-sharing contract on the optimal decisions with
manufacturer distributional fairness concerns (Figure 3).

As can be seen from Figure 3 that, in the range of the
effective revenue sharing ratio, (a) the wholesale price of the
manufacturer was significantly lower than that of
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TaBLE 5: Effect of change in other parameters when manufacturers allocate fairness concerns.
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(b) the impact of RS on R-Price; (c) the influence of RS on retailer profit; (d) the influence of RS on manufacturer profit; (e) the influence of

RS on the total utility of supply chain.

decentralized decision-making, and as the share ratio of the
retailer increased, the wholesale price of the manufacturer as
areward also decreased. (b) The retail price was also reduced
by the reduction of the wholesale cost, which was less than
the price at the time of its decentralized decision-making and
decreased with the increase in the revenue sharing ratio. As
shown in Figure 3(c), there was a negative correlation be-
tween the retailer’s profit and the proportion of revenue
sharing, but the total revenue was obviously higher than that
of decentralized decision-making. As shown in Figure 3(d),
there was a positive correlation between the utility of the
manufacturer and the proportion of revenue sharing. Al-
though the retailer’s revenue decreased with the proportion
of revenue sharing, the effective improvement of the

manufacturer’s utility offset the decrease of the proportion of
revenue sharing. Therefore, the overall utility of the supply
chain (Figure 3(e)) increased with the increase in the rev-
enue-sharing ratio coefficient. Therefore, the sharing con-
tract designed in this study can not only effectively improve
the utility of retailers and manufacturers but also enhance
the total utility of the channel to ensure that node enterprises
have long-term, stable, and cooperative relationships and to
strengthen the overall competitiveness of the supply chain.
In addition, the range of the revenue sharing ratio obtained
by numerical simulation needs to be greater than or equal to
0.71, which indicates that, under the contract mechanism,
the profit proportion of the supply chain for the manu-
facturer concerned with distributional fairness should be at
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least higher than 0.71; otherwise, supply chain coordination
cannot be achieved. So, conclusion 2 is confirmed.

6. Conclusion

This study was based on supply chain coordination and
dynamic game theory, as well as on a decentralized decision-
making pricing model. Here, we constructed two game
models—the manufacturer’s peer-induced fairness concern
model and the manufacturer’s distributional fairness concern
model—by introducing a revenue sharing contract mecha-
nism, and the influence of a revenue sharing contract on the
pricing decisions and profit distribution of a competitive
supply chain considering fairness concerns was analyzed. The
research found that, in the range of effective revenue sharing
ratio, with the increase in retailer’s revenue sharing ratio to
manufacturer, the retail price, wholesale price, and retailer’s
profit under two game models will both decrease corre-
spondingly, but the total utility of manufacturer and supply
chain will be significantly improved. Obviously, the retailer
sharing revenue can reduce the double marginal effect by
adopting the strategy of the small profits but quick turnover.
The results of this study also show that when a revenue-
sharing contract is introduced into a supply chain, whether it
is a supply chain where the manufacturer induces the
fairness concerns or a supply chain where the manufacturer
distributes the fairness concerns, each model has its own
revenue sharing distribution interval, and the proportion is
closely related to the level of fairness concerns of competing
manufacturers and product competition intensity, which
can effectively improve the total benefit of each node en-
terprise and channel. It will ensure the long-term stable
cooperation relationship of node enterprises and
strengthens the overall competitiveness of the supply chain.
Although our study offered several innovations, there are
still a few deficiencies remaining. For example, the research
established the supply chain consisting of two homogeneous
competitive manufacturers and one retailer, but the game in
real life often involves multiple participants, which is more
complex. Therefore, the future research can expand the supply
chain system to the competition between multiple manu-
facturers and retailers. In addition, in the field of supply chain
coordination, there are other contracts that can be used for
reference, such as sales rebate, two-step pricing, and quantity
discount. The follow-up research can explore a variety of
contract coordination modes of competitive supply chain.
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