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With the rapid growth of E-commerce business, logistics service, especially the last-mile distribution, has become one bottleneck,
which leads to the rise of coordination complexity of logistics service supply chain (LSSC). This research, based on Stackelberg’s
game theory, studies the coordination of a new three-echelon LSSC consisting of an E-commerce mall, an express company, and a
terminal distribution service provider and investigates the optimal solutions and profits for each party within the semicentralized
and centralized LSSC alliances, respectively. To accomplish this, it firstly shows that the three-echelon LSSC can lead to global
optimum under the centralized decision-making scenario and then deploys the contract coordination schemes, including revenue
sharing, cost sharing, and unit delivery price contracts, in three semicentralized alliances, so as to achieve the same performance of
the centralized decision-making scenario, in which each party in the LSSC can achieve the win-win situation. Finally, numerical
examples are provided to illustrate the feasibility and the effectiveness of the proposed coordination strategies. This study enriches

the coordination theory in the field of LSSC and provides managerial insights for decision makers in LSSC.

1. Introduction

In recent years, the booming development of E-commerce
in China is promoting the rapid growth of the logistics
express industry. According to the data of the State Post
Office in 2019, the national express business revenue
reached RMB745 billion with an annual increase of 23%,
and the total express business volume exceeded 63 billion
pieces with an increase of 24%. However, the lag of logistics
and distribution services has been seriously mismatched
with the development of E-commerce, which has become
one of the main complaints of online shopping consumers.
Logistics and distribution, especially the terminal last-mile
distribution, has become the bottleneck of the development
of E-commerce business [1]. Hence, it is urgent to coor-
dinate logistics service supply chain (LSSC) so as to im-
prove the service level and keep E-commerce industry
sustainable.

Spengler [2] was the first to introduce the idea of supply
chain coordination and proved that a double marginaliza-
tion effect naturally led to a suboptimal supply chain. Supply
chain coordination aims to provide a win-win mechanism to
stimulate all the partners in the supply chain to cooperate
together. Recently, supply chain coordination has been one
popular topic in the field of supply chain management. The
main research streams for this topic focus on all kinds of
supply chain coordination strategies, including buyback
contract, revenue sharing contract, cost sharing contract,
sales rebate policy, quantity flexibility scheme, and quantity
discount contract [3]. For instance, Luo and Chen [4]
studied the retailer’s optimal order policy and the supplier’s
optimal production policy under revenue sharing contract.
Xie et al. [3] integrated the revenue sharing contract in the
forward channel with the cost sharing contract and deployed
the Stackelberg game to investigate the contract coordina-
tion mechanism. Most recently, Zhao et al. [5] focused on
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the combination of a buy-back contract and a revenue
sharing contract so as to improve the efficiency of a supply
chain. However, most existing literatures mainly focus on
the coordination of upstream partners (e.g., supplier or
manufacturer) and downstream partners (e.g., retailer).
There is a lack of literature in studying about this topic in the
field of terminal distribution. Hence, there is a need to study
the coordination of LSSC, including E-commerce mall,
express company, and terminal distribution provider.

The aim of this study is to propose several coordination
strategies, including revenue sharing scheme, cost sharing
contract, and coordination of unit delivery price, in order to
make three semicentralized alliances achieve the global
optimal performance under centralized decision-making
scenario. The results of this research suggest that all the three
schemes, based on Stackelberg’s game theory, can help the
whole LSSC realize the win-win status. The contribution of
this work enriches the supply chain coordination in the field
of downstream three-echelon LSSC including the terminal
distribution, takes the price and effort level of logistics
service dependent demand into account, develops effective
coordination strategies, such as revenue sharing and cost
sharing contracts, and unit delivery price coordination, and
provides managerial insights for decision makers to choose
appropriate alliance in real business.

The structure of this study is as follows. In Section 2, the
main literatures related to the research topic are reviewed. In
Section 3, the research problem and decision models are
proposed. In Section 4, semicentralized and centralized
LSSC decision models are put forward. In Section 5, the
coordination schemes in different alliances are derived:
revenue sharing, cost sharing, and coordination of the unit
delivery price. Section 6 provides numerical analysis to test
the feasibility of the coordination strategies. Section 7
summarizes the research, provides management sugges-
tions, and puts forward the limitations of this study for
future research.

2. Literature Review

There exist various literatures on supply chain coordination.
The research object ranges from the two-echelon supply
chain composed of manufacturers and retailers, to the
purchasing and retailing supply chain composed of man-
ufacturers, online retailers, and the third-party logistics
(3PL), and then to the LSSC system including E-commerce
malls, express companies, and terminal distribution service
providers. For the sake of clarity, two main stream of lit-
eratures on analytical methods and supply chain coordi-
nation are reviewed, respectively.

There always exist one leader and his followers in a
supply chain, in which the leader can obtain the followers’
optimal decision and then make his own optimal decision.
Hence, game theory is widely applied in existing literatures.
For instance, Luo and Chen [4] studied the role of revenue
sharing contracts in the coordination of supply chains with
random yield and stochastic market demand. With game
theory, they derived the retailer’s optimal order decision and
the supplier’s optimal production policy under revenue
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sharing contracts. Wu et al. [6] deployed game theory to
study the coordination of supply chain pricing and adver-
tising decision taking into account the impact of platform
users on demand. The results showed that the coordination
of supply chain based on the revenue sharing contract can
improve the total supply chain performance. Song and Gao
[7] constructed game models under centralized and
decentralized scenarios, based on revenue sharing contracts.
The results showed that revenue sharing contract can ef-
fectively improve the greening level of products and the
overall profitability of supply chain. Xie et al. [3] combined
the revenue sharing contract in the forward channel with the
channel investment cost sharing contract and introduced the
Stackelberg game to investigate the contract coordination
mechanism. Yan et al. [8] used game theory to study the
pricing strategy in a dual channel supply chain consisting of
a supplier with limited capital and an e-retailer providing
capital. Hua et al. [9, 10] proposed four games to investigate
the optimal pricing strategy in a two-echelon reverse supply
chain.

As for supply chain coordination, there are various
existing studies with the following perspectives:

(1) Quantity discount perspective. For instance, Pang
et al. [11] studied the coordination role of revenue
sharing contract in a three-echelon supply chain
including manufacturers, distributors, and retailers
and proposed an improved revenue sharing contract
based on quantity discount policy. Pang et al. [12]
proposed an improved revenue sharing contract
based on quantity discount strategy. Taleizadeh et al.
[13] deployed quantity discount policies in the co-
ordination of a two-echelon supply chain in presence
of market segmentation and credit payment.

(2) Demand perspective. Sang [14] studied the revenue
sharing contract of multilevel supply chain with
customer demand and retail price as fuzzy variables
and proposed a revenue sharing contract with fuzzy
demand and information asymmetry. Zhao et al. [5]
studied the effect of joint buyback and revenue
sharing contracts on supply chain coordination
between risk neutral suppliers and risk averse re-
tailers under stochastic demand. Cai et al. [15]
designed a flexible contract for VMI supply chain
with service-sensitive demand. Zhao et al. [16] in-
vestigated the coordination of fuzzy closed-loop
supply chain, in which demand was price-dependent
and information was asymmetric.

(3) Resource-constrained perspective. Zhao et al. [17]
established a model consisting of manufacturer and
capital constrained retailer and studied the pricing
and the coordination of green supply chain with
capital constraint. Yan et al. [18] analyzed the co-
ordination feasibility with supply chain financing
and concluded that the financing solution with a
suitable combination of decision preferences can
realize the coordination. Furthermore, Yan et al. [8]
investigated the pricing coordination strategy in a
dual-channel supply chain including one capital-



Complexity

constrained supplier and one e-retailer providing
finance.

(4) Supply chain partner perspective. Many scholars fo-
cused on two-echelon supply chain in the research of
supply chain coordination. For example, Zhang et al.
[19] constructed a supply chain model with one
manufacturer and one retailer for deteriorating items,
in which they designed a revenue sharing and coop-
erative investment contract. Bai et al. [20] studied a
two-phase sustainable supply chain system composed
of producers and retailers and the revenue coordina-
tion under carbon emission cap and trade control. Giri
et al. [21] proposed a two-stage closed-loop supply
chain game model consisting of a manufacturer and a
retailer to coordinate the performance of the supply
chain through revenue sharing contracts. Heydari and
Ghasemi [22] investigated a two-echelon reverse
supply chain (RSC) consisting of a single remanufac-
turer and a single collector. Peng et al. [23] used
Stackelberg model to explore a supply chain composed
of suppliers and manufacturers and studied the pro-
duction, price, and carbon emission reduction deci-
sions of decentralized and centralized supply chain.
Zou et al. [24] constructed a sustainable closed-loop
supply chain coordination mechanism consisting of
one manufacturer and two retailers competing in price
to coordinate the profits of supply chain members
through revenue sharing contracts. Mohammadi et al.
[25] studied the supply chain composed of a single
supplier and a single vendor and proposed new rev-
enue and preservation technology investment sharing
coordination contract based on the fresh supply chain
coordination mechanism. Ghazanfari et al. [26] used
two different methods to model the supply chain
composed of supplier and buyer based on the Stack-
elberg game model: (1) the traditional selling cycle in
the open market without considering the government’s
incentives and (2) the modern selling cycle in the
organized market considering the government’s in-
centives. There also exist some studies on the multi-
echelon supply chain. For instance, Zhong et al. [27]
expanded from a two-level supply chain composed of
an E-commerce platform and a logistics service pro-
vider to a three-level supply chain composed of an
E-commerce platform, an express company, and a
terminal distributor and studied the profit distribution
scheme based on revenue sharing contract in the
e-commerce environment. Pang et al. [28] studied the
revenue coordination of a three-stage supply chain
consisting of a manufacturer, a distributor, and a re-
tailer. Hou et al. [29] focused on a three-echelon supply
chain composed of a manufacturer, a distributor, and a
retailer for a single selling period. Based on a revenue
sharing contract, the coordination of the decentralized
supply chain with the simultaneous move game or the
leader-follower game was analyzed. Yuan et al. [30]
constructed a three-tier seafood online retail logistics
service supply chain LSSC including online retailers,

logistics service integrators, and functional logistics
service providers. Liu and Yi [31] constructed a three-
stage supply chain coordination strategy consisting of a
manufacturer, a retailer, and a data company and
analyzed four benefit models of BDI investment in the
decentralized and centralized supply chain. Giri and
Sarker [32] studied the contract coordination of a
three-level supply chain system, which is composed of a
raw material supplier, a manufacturer, and a retailer.

(5) Policy perspective. In addition, some researchers took
the related policy into account. For example, Liu et al.
[33] analyzed the coordination between supply chains
and retailers through revenue sharing contracts under
the government price control policy after the demand
disruption of oil, natural gas, and agricultural products
which were subject to government price restrictions.
Meng et al. [34] established an agent-based revenue
sharing negotiation model to study the complexity of
stakeholders’ revenue sharing in time compression of
construction projects.

In summary, the above literatures mainly focus on the
traditional production or retailing supply chain or logistics
supply chain, but it involves less coordination between the
E-commerce mall and logistics service providers. The
existing coordination mechanisms mainly included revenue
sharing and cost sharing, but seldom involves the coordi-
nation of unit delivery price. In the supply chain coordi-
nation, most of the literatures focused on the coordination
between centralized decision-making and decentralized
decision-making. However, as online shopping has become
a popular trend, the relationship between E-commerce malls
and logistics service providers tends to be closer. Hence, the
purpose of this research is to establish three semicentralized
alliances in the three-echelon down-stream supply chain
consisting of E-commerce mall, express company, and
terminal distribution service company and design some
reasonable coordination strategies so as to make all the
supply chain partners achieve the win-win situation. Table 1
lists some key-related literatures.

3. Problem Description and Research Models

3.1. Problem Description. The logistics service supply chain
(LSSC) in this study includes an E-commerce mall, an express
company, and a terminal distribution service provider. The
E-commerce mall purchases products and sells them online to
customers. The express company is responsible for carrying
products to terminal distribution service provider network, and
the terminal distribution service provider is responsible for
delivering them to final customers. Each partner in the LSSC has
to make some decision. The E-commerce mall should determine
the selling price, the express company should determine the unit
price of transportation service and the effort level of logistics
service, and the terminal distribution service provider should
determine the unit delivery price so as to make their own profit
optimal. The problem of this work is how to develop appropriate
coordination strategies to stimulate all the partners to cooperate
together and achieve the all-win situation.
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TaBLE 1: List of key-related literatures.

Author(s) and Journal Title and

Ref. no. Year Supply chain partners

Coordination strategy

Factors considered in the research problems

Supply chain system Demand

Discrete Dynamics
in Nature and
Society, 2014

Journal of Cleaner A remanufacturer and a

Production, 2018 collector
Annals of Operation A manufacturer, a retailer,
Research, 2018 and a data company

A supplier, and a

Pang et al. [11] manufacturer

Heydari and
Ghasemi [22]

Liu and Yi [31]

Mohammadi Journal of Cleaner A supplier and a buver
et al. [25] Production, 2019 pp 4

. IEEE Transactions
Ghazanfari 1 Encineerin A lier and a buver
et al. [26] o gineering supplier and a buye

Management, 2019
International Journal

of Production A supplier and a

Zeng and Hou,

[35] Economics, 2019 distributor
Operational An agribusiness firm and
Ye et al. [36] p multiple risk-averse

Research, 2020
farmers
European Journal of
Operational
Research, 2020

Two manufacturers and a

Zhao et al. [37] major retailer

E-commerce mall, express
company, terminal
distribution service

provider

This study

Revenue sharing

investment-sharing

Quantity discount

sharing, guaranteed

Revenue sharing

Revenue sharing, cost
sharing, unit delivery

Decentralized and Sales effort

centralized dependent
. Decentralized an .
Revenue sharing ecentra .ed and Stochastic
centralized
. Decentralized an .
Revenue sharing ecentralized and Stochastic

centralized

Revenue-and-

preservation-
technology-

Retail price and
freshness degree of
products dependent

Decentralized and
centralized

Short-term tax breaks  Traditional selling Stochastic
and a single-window  cycle and modern multifactor-
system selling cycle dependent

Decentralized and

. Price-dependent
centralized P

Revenue sharing,

Decentralized and
centralized

roduction cost .
P Stochastic

money

Decentralized and
centralized

Shelf space and sales

consignment price dependent

Sales price-
dependent, effort
level of logistics
service dependent

Semicentralized and

. centralized
price

3.2. Symbol Description. The basic symbols and descriptions
are defined in Table 2.

3.3. Assumption and Models

(1) All the members in LSSC are risk neutral

(2) All the members are rational who make their own
decisions to maximize their own profit

(3) The product demand is affected by the price and the
effort level of logistics service [27]

(4) The cost function of logistics service effort is defined
as g(s) = ks? [38], which is the cost paid by logistics
service providers to improve the efficiency of lo-
gistics service in order to satisfy customers and in-
crease product sales, where k > 0 represents the effort
cost coeflicient of logistics services

This study includes an E-commerce mall M, an express
company E, and a terminal distribution service provider T.
Based on Chiang et al. and Huang’s linear demand functions
[39, 40], it is assumed that the E-commerce mall sells only
one product and the terminal distribution service provider
cost is borne by the E-commerce mall, which is in line with
the reality that Tmall subsidizes the Cainiao station. The
E-commerce mall plays a dominant role in the supply chain,
and the market demand Q is affected by the price p and the
effort level of logistics service s, which decreases with the

TaBLE 2: Symbols and descriptions of research models.

Symbols Descriptions

q Market demand for product

Qp Market base demand for product

o The elasticity coeflicient of market demand to price

The elasticity coefficient of market demand to logistics

B service

P Selling price of E-commerce product

s Effort level of logistics service

k The sensitivity coefficient of logistics service

Ap Marginal profit of E-commerce mall or alliances

n Cost sharing ratio

c Unit cost of procurement and operation for E-
M commerce product

Cg Unit cost of express company

C Unit delivery cost of terminal distribution service
T provider

g(s) Service cost of logistics service provider

Wg Unit price of express company

Wy Unit price of terminal distribution service provider

w Service quotation of express company and terminal
ET distribution service provider alliance

0 Revenue sharing ratio

@ Increase ratio of unit delivery price

increasing price and increases with the effort level of logistics
service. Suppose the relationship among the three is Q =
Q, —ap +fsand Q; >0, a>0, and f>0. According to the
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market demand, the suppliers decide the order quantity and
assuming that there is no shortage.

The express company determines its own effort level of
logistics service s, whose unit operating cost is C and unit
service price is Wp. Assuming there are no capacity re-
strictions, it can meet any service requirements, but it must
pay the corresponding incremental operating costs. The unit
operating cost of the terminal distribution service provider is
Cr, and the unit price of service is W . In order to ensure the
decision variables p, s, W, and W are positive, the rela-
tionship between variables is satisfied that 2ak — * >0 and
Qy—a(Cy +Cp+Cyp)>0.

The market demand of the product is

Q=Q)—ap+ps. (1)
The profit of the E-commerce mall is
1—[ =(p-Cy~Wg=Wr)q (2)

M

The profit of the express company is

1;[ = (WE - CE)q - 9(5) = (WE - CE)q — kSZ. (3)

The profit of the terminal distribution service provider is

1;[ =(Wr-Cr)a. (4)

The profit of the E-commerce mall and the terminal
distribution service provider alliance is

11;; =(p-Wg-Cy-Cr)g. (5)

The profit of the E-commerce mall and the express
company is

E =(p-Wy-Cy —Cp)q—ks. (6)

The profit of the express company and the terminal
distribution service provider alliance is

lE_T[ = (Wgr - Cp— Cr)g - ks’. (7)

The system profit is

[T=TT+T1+T1=(-Cx-Ci-Crla-g(s)
M E T
=(p-Cy-Cp-Cr)q- ks?.
(8)

{ max T = (W — Cg)[Qp — @(Cy + Cp + W + Ap) + Bs] — ks?,

4. Semicentralized and Centralized
Decision Models

In this study, the E-commerce mall is the main leader, and
the express company and the terminal distribution service
provider are the followers. Based on Stackelberg’s game
theory, the E-commerce mall determines the unit price of
the product p and then the express company decides the unit
price of transportation service Wy and the effort level of
logistics service s, and the terminal distribution service
provider determines the unit delivery price W [28].

4.1. Semicentralized Decision Models. In the case of semi-
centralized decision-making, the LSSC consists of one al-
liance and another partner, in which the alliance includes the
other two partners. There are three situations below:

Semicentralized Model 1. The E-commerce mall and the
terminal distribution service provider form an alliance,
which is equivalent to the self-operated terminal net-
work of the E-commerce mall

Semicentralized Model 2. The E-commerce mall and the
express company form an alliance, which is equivalent to
the self-operated distribution of the E-commerce mall

Semicentralized Model 3. The express company and the
terminal distribution service provider form an alliance,
which is equivalent to the whole process of the express
company from the E-commerce warehouse to the
customer

4.1.1. Decision Analysis of Semicentralized Model 1. The
E-commerce mall and the terminal distribution service
provider form an alliance, which is equivalent to the self-
operated terminal network of the E-commerce mall. In this
case, the alliance is the leader and the express company is the
follower. In the first stage, the alliance determines the selling
price of its product p according to the market information so
as to maximize its own profit. In the second stage, the ex-
press company decides the best express service price Wz and
the effort level of logistics service s according to the market
information and the information provided by the alliance.

In order to ensure that the E-commerce alliance is
profitable, there is

p=Cy+Wg+Wr+Ap. (9)

Then, the objective functions of the alliance and the
express company are

(10)

max Iyp = (p — Cyy = Wi = Cp) [Qp — @(Cyp + Cp + Wi + Ap) + Bs].



Use the reverse induction method to solve the problem.
First, solving the first partial derivatives of W and s about
[1g in formula (10) is

SVI‘T/E =Qy—a(Cy — Cp + Cp + Ap) + s — 2aW,
i (11)

The second-order partial derivative of W and s about
[1z in formula (10) is

2
o1l =-2a<0,
OW 2
(12)
e
52 -2k <0.
. . -2a f
The Hessian matrix is H = g -2k ) whose first-

order determinant |[H,| = —2a <0 and |H,| = 4ak — /32 > 0.1t
is shown that the Hessian matrix is negative definite, and

there is a unique optimal (Wp,s), leading the [ to be

maximum.
Let (O] z/0Wg) = 0 and (9] [x/0s) = 0, then
WE:QO—oc(CM—CE+CT+Ap)+/35’ (13)
2a
_ ﬁ(WE - CE) 14
s= T (14)

Integrate equations (13) and (14), we get the expressions
of W and s for Ap as follows:

_ 2k[Qy — &(Cyy — Cp + Ap)] +(20k - B*)Cy
B dak — B

>

B[Qy — a(Cy + Cg + Crp + Ap)]

S = .

4ok - B2
(15)
Bring equation (15) into equation (14), then
H:APZ“k[QO_“(CM+C}25+CT+AP)]. (16)
MT dak —

Then, the first partial derivative of Ap about R, in
formula (16) is (A[[yr/0 Ap) = ((2ak[Qy —a(Cy+
Cg + Cp + 2Ap)])/4ak — 7). The second-order partial de-
rivative is  (0°[]r/0Ap?) = (—4a2k/4ak — ) <0. This
implies that [, is the concave function about Ap, so there

{maxHT =(Wr—Cp)[Qp — a(Cy + Cg + Wi + Ap) + fBs],

Complexity

is only one Ap that makes the [], optimal. Let
([ [yr/0Ap) = 0, then

Qy — a(Cy +Cp +Cy)

= 17
Ap o (17)
Bring equation (17) into equation (15), then
. k[Qy—a(Cy +Cp)] +(3ak - B7)Cp
Wg, = 5 , (18)
4ok - f3
N -a(Cy+Cp+C
¢ Bl@y-a(Cy+CyrCy) -

2(4ak - p)
Bring equations (18)-(19) into equations (1) and (9), then
«_ ak[Q —a(Cy +Cp + Cp)]

n dak - B

>

(20)

. (6ak - B)Q, + a(2ak - ) (Cys + Cp + Cr)
b= 20(4ak - ) '

Then, we can get the optimal profit of the alliance, the
express company, and the whole system:

H}*WT _ k[Qy—a(Cy +Cp + CT)]2

2(4ak - B) ’
+ k[Qy-a(Cy +Cp+Cyp))
[1: = 4(4ak - §°) ’ 1)

L 4(4ak - p*)

H* 3k[Qy — a(Cyy + Ci + CT)]Z.

4.1.2. Decision Analysis of Semicentralized Model 2. The
E-commerce mall and the express company form an alliance,
which is equivalent to the self-operated distribution of the
E-commerce mall. In this case, the alliance is the leader and
the terminal distribution service provider is the follower. In
the first stage, the alliance decides the selling price p and the
effort level of logistics service s according to the market
information so as to maximize its own profit. In the second
stage, the terminal distribution service provider decides the
optimal service price W according to the market infor-
mation and the information provided by the alliance.

In order to ensure that the E-commerce alliance is
profitable, there is

p=Cy+Wg+Cy+Ap. (22)

Then, the objective functions of the alliance and the
terminal distribution service provider are

(23)

max Ty = (p— Cy — Cg — W) [Qy — a(Cy + Cg + W + Ap) + fs] — ks™.
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Similarly, the corresponding optimal solutions are ob-
tained as follows:

2k[Qy — & (Cyy + Cp)] +(6ak — B*)Cyr

Wi, =
T2 8(Xk _ ﬁZ

>

s; _ B[Qy — a(Cy + Cp + Cr)]

Sak — i

. 2ak[Qy - «(Cp +Cp +Cyp)]
© 8ak — ’

. 6kQy+(2ak - ) (Cpy + Cy +Cp)
b= 8ok — ’ (24)

ME 8ak — B

>

1_[* k[Qy - a(Cyy + Cp +Cp)]

>

1—[* _ 40k*[Qy — a(Cpy + Cp + CT)]2
T2 (S(xk - ﬂ2)2

. k(120k = B7)[Q) — & (Cys + Cp + Cp)]
H2 - (Sak - /32)2 .

4.1.3. Decision Analysis of Semicentralized Model 3. The
express company and the terminal distribution service
provider form an alliance, which is equivalent to the whole
process of the express company from the E-commerce
warehouse to the consumer. In this case, the E-commerce
mall is the leader and the alliance is the follower. In the first
stage, the E-commerce mall decides the selling price p
according to the market information so as to maximize its
own profit. In the second stage, the terminal distribution
service provider decides the optimal service price W~ and
the effort level of logistics service s according to the market
information and the information provided by the E-com-
merce mall.

In order to ensure that the E-commerce alliance is
profitable, there is

p=Cy+Wgr+Ap. (25)
Then, the objective functions of the E-commerce mall
and the alliance are
{ max Iy = (Wgp — C = Cp)[Qp — a(Cyp + Wiy + Ap) + Bs] — ks?,
max Ty = (p — Cyy = Wp) [Qg — «(Cy + Wiy + Ap) + Bs].
(26)

Similarly, the corresponding optimal solutions are ob-
tained in the following:

7
W k(Qy - aCyy) +(3ak - B*) (Cg + Cr)
ET 4ok — 8 ’
§ = BlQo — a(Cy + C + Cy)]
’ 2(4ak - B%) ’
. ock[QO - (X(CM +Cp+ CT)]
= sak — B ’
. (6ak - B*)Q, + a(2ak - B) (Cys + Cp + Cr)
P 20(4ak - p) ’
. k[Qy-a(Cy +Cp+Cp)
[ = 2(4ak - B7) ’
« k[Qu-a(Cy+Cr+Cp)]°
[T = 4(4ak - p) '
+ 3k[Qy—a(Cy +Cp+Cp)’
[T:= 4(4ak - p*) '
(27)

4.2. Centralized Decision Model. Centralized decision-
making is similar to the whole process of E-commerce from
self-operated products to customers; that is, the E-commerce
mall, the express company, and the terminal distribution
service provider are regarded as a joint alliance, and their
profit maximization is investigated from the perspective of
the whole LSSC.
Bring equation (1) into (8), then

H =[p—(Cy +Cs +Cp)|(Qq — ap + fs) — ks’

. 2kQq +(2ak - ) (Cy + Cp + Cr)
Ps= 4ok — B

>

& = ﬁ[Qo - “(CM +Cp+ CT)]
¢ dak - B ’ (28)

. 20k[Qy - «(Cy +Cp +Cyp)]
B 4ok - B

>

I - k[Qy - a(Cy + Cp + CT)]Z'

4 4ak — 8

4.3. Comparative Analysis of Semicentralized and Centralized
Decision Models. In this subsection, three propositions are
derived so as to compare the corresponding profit and the
effort level of logistics service, order quantity, and selling price
between the semicentralized models and the centralized model.



Proposition 1. The overall profit of centralized decision is
better than that of semicentralized decision-making. That is,

[T >I1 =T > 15 and [T; = (4/3)] ;-

Complexity

It is proved as follows:

. _ 2 _R2
M, (K[Qy - a(Cy + Cp + Cp)Pldak - B7) = 2> Lso [, > [Trand[T; = 3] T

17 (3k[Qy - a(Cyy + Cp + Cr)]*/4( 40k - p))

(29)

[-11- a(4ak - B (8ak - p2)’

Proposition 2. Under centralized decision-making, the effort
of the express company is higher than that of semicentralized
decision-making. ~ That  is,  s;>s; =s;>s;  and
sy = 2s5 = 2s]. The sales volume of the product under the
centralized decision is higher than that in the individual

(ﬁ[Qo - a(Cy + Cp + Cr)]/4ak _/32)

.+ B(16ak - B)[Qy - a(Cyy + Cp + Cp)] voso [T =TT >TT.

decision. That is, q; >q; = q} >q; and q; = 2q; = 2q;. The
selling price of the product under the individual decision is
higher than that in the semicentralized decision. That is,

py>pi =ps>py

RS

znl(n

W% | %

v
Il

st (B[Qy—a(Cy +Cp+Cp)]2(4ak - 7))

(BlQy = a(Cy + Cp + Cr)]/2(4ak - B))

* * * *
=2,50 s; >s;and s, = 2s;,

80ck—/32 .
>1,50 s, >s,,

q;  (20k[Qy — a(Cyy + Cpy + Cp) ] /ak - B)

s (ﬁ[Qo —a(Cy +Cg + Cr)]/8ak —/32) - 2(4(xk _/32)

= 2,50 g} > q}and q; = 20,

q;  (ak[Qy— a(Cy + Cg + Cyp)]/dak - )

(ak[Qy — a(Cy + Cy + Cy)]/4ak — )

8ak — 8

= > 1,50 g > 43, (30)

@ (20k[Qy — a(Cyy + Cpp + Cy)/8ak — B7)  2(4ak — )

q (Zock[Qo —a(Cy +Cg +Cy)]/8ak - [32)

a (ock[Qo—oc(CM+CE+CT)]/80ck—[32)

ﬁ2(2(xk - /52) [Qy — a(Cy + Cp + Cp)]

= 2,50 q; >q;,and q; >4,

* * *
>0,80 p; = p3 <Py,

p,—p =

2a(4ak - p*)(8ak — )

- (Z“k B /32) [Qy —a(Cy +Cp +Cy)]

>0,50 py <ps =Py

Ps = Pa= 20(2ak - )

Proposition 3. Among the three models of semicentralized
decision-making, the total profits of semicentralized models 1
and 3 are both superior to that of semicentralized model 2.
Furthermore, E-commerce mall can achieve the highest profit
in semicentralized model 3.

It is proved below.

From Propositions 1 and 2, it is obvious that
[ =G> ss=si>s5,  gi=qi>q;, and
p> > pi =p;, so when E-commerce mall and end-dis-
tributor alliance and express company and end-distrib-
utor alliance, the overall effect of logistics service supply

chain is better than E-commerce mall and express com-
pany alliance:

L i _k[Qo_“(CM+CE+CT)]2
HM3 - HET - 2(4(xk—[32)

(31)

« k[Qy-a(Cy +Cp+Cp)]

That is, when the express company forms an alliance
with the terminal distribution service provider, the profit of



Complexity

the E-commerce mall [ ]}, is equal to the overall profit of the
E-commerce mall and the terminal distribution service
provider alliance [ ] and is higher than the overall profit of
the E-commerce mall and the express company alliance
[Ty Therefore, the E-commerce mall can achieve the
highest profit in semicentralized model 3.

5. Contract Coordination Mechanism

Based on Table 2, the overall profit of LSSC under centralized
decision-making is significantly higher than that under
semicentralized decision-making models. Therefore, to
achieve the performance of centralized decision-making
under semicentralized scenarios, supply chain coordination
strategies are introduced to improve the overall profit and
achieve the win-win situation.

This section firstly discusses the profit range of each
partner for the three semicentralized alliances. Secondly, it
introduces the specific coordination schemes. Since the
alliance of semicentralized model 3 is equivalent to a two-
echelon LSSC composed of the E-commerce mall and the
logistics service provider, this study mainly focuses on the
coordination of semicentralized models 1 and 2. Then, the
contract coordination scheme for semicentralized model 1
are discussed in the two cases: (1) 3ﬁ2 —4ak>0 and (2)
3% - 4ak < 0. Finally, this work investigates the contract
coordination scheme semicentralized model 2.

5.1. Profit Range of Three Semicentralized Models

5.1.1. Profit Range of Semicentralized Model 1

Proposition 4. Under the supply chain coordination, the
profit ranges of the alliance formed by the E-commerce mall
and the terminal distribution service provider and the express
company are obtained below, respectively:

k[Qo—“(CM+CE+CT)]2 3k[Qo—“(CM+CE+CT)]2
2(4ak - §7) = MHT - 4(4ak - %) ’

k[Qy - a(Cp + Cp +C1)] 1—[ Qy-a(Cy +Cp+Cp)]
4(4ak - §°) . 2(4ak - B°) '

(32)

k(48a2k? — 12akp” + B*) [Q, —

It is proved as follows.

$e purpose of the contract coordination between the
alliance including the E-commerce mall, the terminal
distribution service provider, and the express company is
to achieve the performance of centralized decision-
making and all-win status. §at is, the profits of all parties
are not lower than the profit before the coordination
since

>

k[Q, — a(Cyy + Cp +Cp)]?
H“Ll;[ [ iakjﬁz +Cr)]

k[Qy = a(Cy +Cp + CT)]2
T 2(4ak - p)

[\

> (33)

k[Qy —a(Cy +Cp + CT)]2
4(4ak - ) '

>

-

Therefore,
k[Qy = &(Cyy + C + Cp)] e 3k[Qy = a(Cps + Ci + Cp))?
2(4ak - p*) MT 4(4ak - p*) ’

k[Qo - &(Cpy + Cg + Cp)]?
4(4ak - B)

k[Qy — a(Cp + Cy + CT)]
l;[ 2(4ak - ) '
(34)

5.1.2. Profit Range of Semicentralized Model 2

Proposition 5. Under the supply chain coordination, the
profit ranges of the alliance including the E-commerce mall
and the express company and the terminal distribution service
provider are below:

a(Cp+Cp + CT)]2

k[Q, - (CM+CE+CT
8ak — 2 11;[

4ak?® [Q -

I/\

>

(8ak — B’ (4ak — )

—a(Cy +Cp + CT)]2

(35)

a(Cy +Cp +Cp)]
(8ak — )’ 1;[

It is proved as follows.

§e purpose of the contract coordination between the
alliance composed of the E-commerce mall and the express
company and the terminal distribution service provider is to

(Sak - B*)(4ak - p)

make the profits of the two parties after the coordination
reach the effect of centralized decision-making, and the
profits of the parties are not lower than the profits before the
coordination. Hence,
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k[Qy - &(Cypy + Cg + Cp)]?

[1+11- T ’

H k[Qy—a(Cy +Cp + CT)]2
ME 8ak — B ’

Il

(36)

4ak*[Qy — a(Cyy + Cy +CT)]

(Sak B

\%

k[Q, (x(CM+CE+CT)]

k(48ak? — 12akp” + B*) [Q

Complexity

Therefore,

—«(Cp +Cp +Cp)]’

<[]=

>

(8ak - /3)(4 k- )
(37)

[Qy - a(Cy +Cp + CT)]2

8ak — [3 ME
4ak>[Q, — a(Cyy + c;E +Cp)]? T _ dak
(Scxk - ﬂz) T

5.1.3. Profit Range of Semicentralized Model 3

Proposition 6. Under the contract coordination mechanism,
the profit range of the express company and the terminal
distribution service provider alliance and the E-commerce
mall are derived as follows, respectively:

k[Qy —a(Cp +Ci + CT)]Z <n<3k[Q0 —a(Cy +Cg JfCT)]2

2(4ak - ) M 4(4ak - ) ’
k[Qy ~a(Cy +Cp+ Cr)* _ 17 _k[Q —a(Cy + Cp +Cr))°
4(4ak - B7) - l_T[ = 2(4ak - B°) '

(38)

It is proved below.

The purpose of the contract coordination between the
alliance composed of the express company and the terminal
distribution service provider and the E-commerce mall is to
make the profits of the two parties after the coordination
reach the effect of centralized decision-making, and the
profits of the parties are not lower than the profits before the
coordination. Hence,

[T+I]-"%

M ET

a(Cy +Cp + CT)]
4ak -

l_[ k[Qy — a(Cy + Cg + CT)]Z’ (39)
M

: 2(4ak - )

>k[Q a(Cy +Cg +CT)]
T (4(Xk B )

ty

Therefore,

(8ak — ) (4ak - B°)

k[Qy = a(Cy +C + Cp)) <l—[<3k[Qo —a(Cy+Cp+Cp))
2(4ak - p*) LA 4(4ak - %) '
k[Qo—“(CM+CE+CT)]2 k[Qo—“(CM+CE+CT)]2
4(4ak - ) SIE—TIS 2(4ak - ) '

(40)

5.2. Coordination Strategy of Semicentralized Model 1

Proposition 7. When 3p* — 4ak >0, the alliance needs to
transfer some profit to the express company, and when
3% — 4ak <0, it suggests that one partner should share some
profit with the other.

It is proved as follows.

When
S* :ﬁ[QO_(x(CM +CE+CT)]
¢ 4ok — B '
2kQ, +(2ak — f*)(Cy + Cp + C

I 4fk)_<ﬁzM 24 C
W k[Qq = a(Cypy +Cr)] +(3ak - B2)Cyg

E 4ak - B? ’

then

_ 20k [Q -~ a(Cy + Cp +Cp)]°
E (4ak — p2)°

(42)
- k(2ak = B) [Qy = @(Ca + Ce + Cr)]°
E (406k - ﬂz)z .
Because
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k[Qo_“(CM+CE+CT)]2 3k[Q0_“(CM+CE+CT)]2

2(4ak - §7) T 4(4ak - p*) '
k[QO_a(CM+CE+CT)]2 k[Qo—“(CM+CE+CT)]Z
4(4ak - ) = 1;[ - 2(4ak - ) '

(43)

When 3* — 40k >0, [Tyr > [Tyrme = 3k [Qy — a(Cyy+
Cp+ CT)]2/4 (4ak — ﬂz)), and the alliance needs to transfer
some profit to the express company. When 3> — 4ak <0,
e < Trma = Gk [Q — @(Cyy + Cpp + Cp))*/4 (4ak—
B%)), and one partner should share some profit with the other.

Based on this, there are two situations in the contract
coordination scheme. When 3% — 4ak >0, the contract
coordination scheme is (1) the strategy of transferring part of
the profit to the express company by the alliance including
E-commerce mall and the terminal distribution service
provider, (2) the strategy of the alliance bearing part of the
logistics service cost for the express companies, and (3) the
strategy of increasing unit delivery price of the express
company. When 38 — 4ak <0, the contract coordination
scheme is (1) the strategy of transferring some revenue to the
express company from the alliance of E-commerce mall and
the terminal distribution service provider, (2) the strategy of
the alliance undertaking part of the logistics service cost, (3)
the strategy of raising the unit delivery price of express
company logistics services, and (4) the strategy of trans-
ferring some revenue to the express company from the
alliance of E-commerce mall and the terminal distribution
service provider.

5.2.1. Case I: 3[32 — 4ak >0. As mentioned above, there are
three kinds of contract coordination schemes when
3B% — 4ak >0, (1) the alliance transfers part of the profit to
the express company, (2) the alliance bears some logistics
service cost of the express company, and (3) the alliance
increases the unit delivery price of the express company.

Al: Revenue Sharing Coordination in Semicentralized
Model 1.

Proposition 8. In order to achieve the centralized decision-
making selling price p and the effort level of logistics service s
and the unit delivery price, W 3 remains unchanged, assuming
that the revenue sharing ratio of the alliance composed of the
E-commerce mall and the terminal distribution service pro-
vider to the express company is 0,; when ((?:ﬁ2 —4ak) [Q, —
a(Cp +Cp+Cp)/8a [2kQy + (2ak — %) (Cpy + Cpt
Cp))) <6, < (BP[Qp — a(Cyy + Cpp + Cp)/4a[2kQy+  (20k—
ﬂz) (Cypr + Cp + Cp)), the profit coordination between the
alliance and express company can be realized.

It is proved as follows.

Assuming the revenue sharing ratio of the alliance to the
express company is 6, and 0 < 6, <1, then the profit of the
alliance is [[yr=[(1-6,)p—Cy —Cr—Wglg and the

11

profit of the express company is [[z = (Wg+6,p—Cp)

q - ks?.
When
40y + 20k~ )Gy Gy C)
p= 4ak — B )
S:ﬁ[QO_‘X(CM+SE+CT)], (44)
dak — B
W _KlQu - a(Cy + Cp)) +(3ak - B)Cy
E~ 4ak - B )
then
- 20k[Qo = «(Cu + Ce+ Crl 41 _ 59 11,
M (4ock - ﬁz)z 1

—[(1+26,)ak - 6,8°] (Cps + Cy + cT)},

H _k[Qo-a(Cy +Cp +Cy)]

. 1+26,)2ak - £2]Q,
E (4ak - ) e 2ok~ )

- a(1-26,)(20k - B*) (Cpy + Cg + Cr)}.

(45)
Since
k[Qo_“(CM+CE+CT)]2 3k[Q0_(X(CM+CE+CT)]2
2(4ak - B) = Q = 4(4ak - B*) ’
k[Qo_“(CM+CE+CT)]2 k[Qo_0‘(CM"'CE"’CT)]2
4(4ak - f°) = l;[ = 2(4ak - §°) '
(46)
then
(3[;2 — 4ock)[Q0 —a(Cy +Cg+Cyp)] <0
8a[2kQ, +(2ak - f2) (Cp + Cx +Cy)|
(47)

- B[Qy — a(Cy +Ci + Cr)]
" 4a[2kQ, +(2ak = ) (Cpy + C + Cr)|

Bl: Cost Sharing Coordination in Semicentralized
Model 1.

Proposition 9. In order to achieve the centralized decision-
making of sales price p and the logistics service s and keep the
unit delivery price Wy unchanged, assuming that the cost
sharing proportion of s by the alliance is n,, 0 <y, <1, then
when (3/32 - 4(xk/4ﬁ2) <1, < (1/2), the alliance and the ex-
press company can achieve the profit coordination.

It is proved in the following.

Assuming that the cost sharing ratio of logistics service
cost is #; and 0 <7, < 1, the profit of the alliance is [ [ =
(p—Cy —Cr—Wpg)g — n,ks* and the profit of the express
company is [[p = (Wg + 0,p — Cp)q — ks*.

When
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2kQ, +(2ak — ) (Cpy + C; + Cp)
p =

4ak — 3 ’
S:ﬁ[QO_‘x(CM+SE+CT)], (48)
4ak - f
W k[Qy - a(Cy +Cy)] +(3ak - B)Cy
E 4ak — B ’

then
k(Zock - 171,32) [Q - a(Cy +Cp +Cp)]?

S

(4ak - )’ ’
1—[ _ k[Z“k -(1- ’71)ﬁz] [Qo—a(Cp +Cp + CT)]2
E (4¢xk - /52)2 '
(49)
Since
k[Qo—“(CM+CE+CT)]2< <3k[Q0—“(CM+CE+CT)]2
2(4ak - §7) . 4(4ak - B°) '
k[Qy = a(Cyy + Cp + Cp)]? k[Qy — a(Cy +Cp +Cp)]?
4(4ak - B*) = 1;[ = 2(4ak - B°) ’
(50)
then )
%S h S%. (51)

CI: Coordination of Unit Delivery Price in Semi-
centralized Model 1.

Proposition 10. In order to achieve the centralized decision-
making selling price p and the effort level of express service s,
the unit price of express service W g remains unchanged; if the
alliance increases the unit delivery price by ¢,, 0< @, <1,
when  ((3f* - 4ak)[Qy — &(Cp; + C + Cp)l/ 8afk[Qy —
(Car +Cp)]+ (Bak = BCD <9, < (B [Qy — a(Cyy + Cyp +
Cp))/Aalk[Qy - a(Cy + Cp)] + (Bak - B)Cr}) (3B” - 4ak
>0), then the alliance and the express company can achieve
profit coordination.

It is proved as follows.

Assume that the rate of increase in express unit price is ¢
and 0<¢<1, then the profit of the alliance is
[Tyr = [p—Cuy = Cr — (1 + ¢1)Wglg, and the profit of the
express company is [[z = [(1+ ¢, )Wy — Cglq — ks*.

When

2kQ, +(2(xk - ﬁz) (Cy+Cp+Cyp)
P =

4ok — 2 '
_ ﬂ[Qo - “(CM +Cg + CT)]
°T sk — ’ (52
k[Qy — &(Cys + Cy)] +(3ock - /32)CE
Wy = ,

4ok — B

Complexity
then
1—[ _2ak[Q) — a(Cy; + Cp + Cyp)] (1= )k
- 1
MT (4ak - [)’2)2

[Qo—a(Cy +Cr)] - [(1 + 3¢, Jak — (Plﬁz]CE}’

_ k[Q — a(Cy +Cg +Cy)]
l;[ (4ak - B)°

{[(1+¢))2ak - B

[Q-a(Cy +Cp)] + “[(3‘/’1 = 1)2ak + (1~ Z(Pl)ﬁz]cE}'

(53)
Since
k[Qo—“(CM+CE+CT)]2 3k[Qo—“(CM+CE+CT)]2
2(4ak - §°) = E = 4(4ak - §°) ’
k[Qo—“(CM+CE+CT)]2 k[QO_“(CM+CE+CT)]2
4(4ak - §7) : 1;[ = 2(4ak - §°) ’
(54)
then
(38> — 4ak) [Qy — a(Cyy + Cp + Cr)]
2 = 901
8k [Qy — &(Cys + Cr)] +(3ak — B*)Cp}
(55)

< /32[Qo —a(Cy +Cp +Cr)] _
" 4afk[Qq - a(Cyy + Cr)] +(3ak - B)Ci}

5.2.2. Case 2: 3* —4ak<0. As mentioned above, when
3[32 — 4ak <0, there are four coordination schemes: (1) the
alliance transfers part of the revenue to the express company;
(2) the alliance bears some of the logistics service effort cost
for the express companies; (3) the alliance increases the unit
delivery price of the express company; and (4) the express
company transfers some of the revenue to the alliance.

A2: Revenue Sharing Coordination in Semicentralized
Model 1

Proposition 11. In order to achieve the centralized decision-
making sales price p and the effort level of logistics service s,
the service unit price of the express deliver Wy remains
unchanged, assuming that the revenue sharing ratio of the
alliance composed of the E-commerce mall and the terminal
distribution service provider to the express company is 0,,
0<0,<1; when 0<92S(ﬁZ[QO—a(CM+CE+CT)]/
4a[2kQq + (2ak — B*) (Cyy + Ci + Cp)]), the profit coordi-
nation between the alliance and express company can be
realized.

With the similar proof in Proposition 7, we can obtain
that

B [Qy — a(Cy + Cp +Cr)]
" 4a[2kQq +(2ak — ) (Cpy + Ci + Cp) |

2 (56)

B2: Cost Sharing Coordination in Semicentralized
Model 1
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Proposition 12. In order to achieve the centralized decision-
making of sales price p and effort level of express service s, keep
the unit price of the express service W  unchanged, assuming
that the sharing proportion of the logistics service effort cost is
2 0< 1, <1, then when 0<n, < (1/2), the alliance and the
express company can achieve profit coordination.

With the similar proof in Proposition 8, we have

1
0<1’]2_5. (57)

C2: Coordination of Unit Delivery Price of Logistics
Service in Semicentralized Model 1

Proposition 13. In order to achieve the centralized decision-
making sales price p and the effort level of express service s, the
unit price of express service W remains unchanged; if the
alliance increases the unit delivery price by ¢,, 0< ¢, <1,
when 0<¢,< (B*[Qy—a(Cy +Cp+Cp)/4afk[Qy— a(Cy+
Cpl+ (30ck—/32)CE}), then the alliance and the express
company can achieve profit coordination.
With the similar proof in Proposition 8, we have

ﬁz[Qo —a(Cy +Cg +Cr)] ]
4alk[Qy - a(Cy + Cr)] +(3ak - B)Cp}

0<¢,< (58)

D2: Coordination Strategy of Transferring Part of the
Express Company’s Profit to the Alliance

Proposition 14. In order to achieve the centralized decision-
making of sales price p and the effort level of logistics service s,
the service unit price of the express service provider Wy, re-
mains unchanged, assuming that the revenue sharing ratio of
the express company is §, 0 < § < 1, then when 0 < § < ((4ak —
39[Qy — a(Cyy + Cp +Cp)l/ 8afk[Qy — a(Cyy + Cp)]+
(3ak — BH)Cyg)), the alliance and the express company can
achieve profit coordination.

It is proved as follows.

Assume that the revenue sharing ratio of the express
company is J, and 0 < § < 1, then the profit of the alliance is
[Myr =[p—Cy—Cp— (1 -8)Wglq—ks*, and the profit
of the express company is [[p = [(1 - )W — Cglg.

When

2kQq +(2ak - ) (Cy + Cp + Cp)
p= ,

4ak - B
S:ﬁ[Qo_“(CMJFSE’LCT)]) (59)
4ok - f3
k[Q — a(Cypg +Cr)] +(3ak — B2)Cyg
Wy = ,

4ok — B2

then

13

{(1+ 0k

_ 2ak[Qy — a(Cy + Cg + Cp)]
IAE (40 - g2’

- [Qy—a(Cy +Cp)] +[(38 - Dak - 6p%|Ci},

k[Qy — «(Cy +C + Cy)] 2
= 3 (1-98)2ak-p3
U (4ak - B7) i ]

- [Qy = a(Cyy + Cp)] = a[(1 + 38)2ak — (1 + 28)8° |}

(60)
Since
k[Qo—"‘(C1\/[+C15+CT)]2S S3k[QO_0‘(CM+CE+CT)]2)
2(4ak - B°) T 4(4ak - §°)
k[Qy = a(Cy +Cp + CT)]Z <H<k[QO —a(Cy +Cp + CT)]2
4(4ak - p) ST 2(4ak - §°) '
(61)
hence
2
bese (4ak - 36%)[Qy — &(Cyy + Cg +Cr)] )

"~ 8a{k[Qy — a(Cp +Cr)] +(3ak - B7)Cp}

5.2.3. Summary. It can be seen from the above analysis that
there are two situations in the contract coordination scheme.
When 3% — 4ak > 0, this study proposes three supply chain
coordination schemes: (1) the strategy of sharing revenue by
the alliance with the express company, (2) the strategy of
bearing some of the express company’s logistics cost by the
alliance, and (3) the strategy of raising the unit delivery price
of the express company. When 3 — 4ak < 0, it develops the
four coordination schemes: (1) the strategy of transferring
some revenue of the alliance to the express company, (2) the
strategy of bearing part of the logistics service effort cost by
the alliance, (3) the strategy of increasing the unit delivery
price of the express company, and (4) the strategy of
transferring part of the express company’s profit to the
alliance.

5.3. Coordination Strategy of Semicentralized Model 2

Proposition 15. Assuming that the E-commerce mall and
the express company alliance and the terminal distribution
service provider realize the centralized decision-making sales
volume through revenue sharing contract, when the unit price
of the terminal distribution service provider remains un-
changed, the profits of the terminal distribution service
provider will increase.

It is proved as follows.

When



14
B 20k[Qy — a(Cy + Cp + Cp)]
- 4ok — ’
(63)
2k[Qy - & (Cyy + Cg)] +(6ak = B*)Cr.
Wy = . :
8ak —
then
~ ~ _40k?[Qy — a(Cyy + Cp + Cp)]?
[1=0wr=crla- (4ak — ) (8ak - )
4ak?[Qy — a(Cpy + Cp + C1)]°
TI;L ;.- (Sock— B) ’
4ak?[Qy — &« (Cyy + Cp + Cp) ] 1—[
(8ak - B)° T
4ak?[Q, — & (Cyy + C + Cp)]

(8ak — ) (4ak - B*)
(64)

It can be seen that, in the coordination scheme between
the alliance and the terminal distribution service provider,
only the terminal distribution service provider can share
revenue or undertake some cost with the alliance. Hence,
there are two coordination schemes: (1) the strategy of
sharing revenue of the terminal distribution service provider
with the alliance and (2) the strategy of bearing some lo-
gistics service effort cost of the alliance by the terminal
distribution service provider.

5.3.1. Revenue Sharing Coordination of Semicentralized
Model 2

Complexity

Proposition 16. In order to achieve the centralized decision-
making of sales price p and the effort level of logistics service s,
the service unit price of the terminal distribution service
provider W remains unchanged, assuming that the pro-
portion of sharing the revenue of the terminal distribution
service  provider is 0, 0<6y;<1, then when
0<0;< (8ak?[Qy — a(Cyy + Cp + Cp)l/ (8ak — B*){2k[Q,~
a(Cy +Cp)] + (6ak — BZ)CT}), the alliance and the terminal
distribution service provider can achieve profit coordination.

It is proved as follows.

Assume that the revenue sharing ratio of the terminal
distribution service provider is 0; and 0< 6; <1, then the
profit of the alliance is [[ygp=[p—-Cy—-Cg— (1-
0;)W;]g — ks?, and the profit of the terminal distribution
service provider is [[; = [(1 — ;)W — Crlq.

When

2kQ, +(2ak - B*) (Cy + C + Cp)

4ok - B ’
SZﬁ[Q _‘x(CM+CE+CT)] (65)
4ak - B

2k[Q) - & (Cyy + Cg)] +(6ak - B*)Cy.
8ak — 8

then
1—[ _ k[Qy—a(Cy +Cg +Cq)]
we  (4ak - p*)(8ak - B)

{[4ak (1 +65) - B*]

[Qy = a(Cpy + Cp)] + a[4ak (305 — 1) + (1 - 26,)C ]},

- 2k (1= 65)[Qy — &(Cyy + Cg)] + [2ak (1 - 365) - 6,87 Cr.
T (4ock - ﬁz)(Sak - [32)

[Qo—a(Cy +Cr + Cp)].
(66)

Since

a(Cy +Cp+Cp))°

k[Qy - a(Cpy + Cp + Cp)]? ne k(482K — 12akp* + B*)[Q, -

8ak — ﬁz ME

(8ak - B’ (4ak - B?) ’
(67)

>

5.3.2. Cost Sharing Coordination of Semicentralized Model 2

Proposition 17. In order to determine the centralized de-

4ak*[Qy ~ a(Cy + Cp + C)] _ I _4ak’[Qy ~a(Cy + Cp + Cp)I’
(8ak - B’ T (Sak— ) (4ak - )
hence
0<6,< 8ak?[Qy — a(Cyy + Cp + Cp)]

(8ak — B*){2k[Q, -
(68)

a(Cyy +Cp)] +(6ak - B*)Cr}

cision-making sales price p and the express service effort level
s, the service unit price of the terminal distribution service
provider Wy remains unchanged; it is assumed that the
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bearing ratio of the logistics service effort cost by the terminal ~ then
distribution service provider is 15, 0<n;<1, then when 3 2
0 <3 < (1602k* (dak — B°)/ (8ak — *)*B?), the alliance and []= klQ oc(CM2+ Ce +Cr)] [(4ak - ﬁz)z
the terminal distribution service provider can achieve the ME (4ock - ﬂz) (80ck -p )
profit coordination.
It is proved in the following. + 17 ﬁz(gak - ﬁz)],
Assume that the cost sharing ratio of logistics service (70)
effort by the terminal distribution service provider is #; and k(O — a(Cur + Co + C)]2
0<#n3<1, then the profit of the alliance is H = [ . ( ZM ]f ZT)] [4cxk(4ock - [52)
[Tye = (p—Cp —Cp = Wp)g — (1 - 53)ks?, and the profit T (4“ -p )(8“ -p )
of the terminal distribution service provider is 5 X
[Ty = Wy = Cp)q — n15ks™. —13b (80ck -p )]
When .
Since
2kQ, +(2ak — B*) (Cyy + Cpp + Cp)
P= 4ak — ’
-a(C Cg+C
Szﬁ[Qo a M+2E+ T)], (69)
4ok - f3
w 2k[Q) — & (Cyy + Cg)] +(6ak — B*)Cr.
T 8ak — B '
k[Qy - a(Cy + Cp+Cp)]” [ k(48a2k? — 12akp* + B*)[Qy — a(Cyy + Cp + Cp)]°
8ak — B° CME (Sak - ﬁ2)2(4(xk - /32) )
(71)
40k [Qy ~ a(Cpy +C + Cr)]” _ I 40k’ [Qy ~ a(Cp +Cp + Cp))°
(8ak - B’ T (Sak - ) (40k-pY)
then distribution cost of terminal distribution service provider C;

160k>(4ak - B°)
(8ak - )8

0<n;< (72)

5.4. Summary of Coordination Schemes. According to the
above analysis in this section, this study develops the cor-
responding coordination schemes for semicentralized
models 1 and 2. For semicentralized model 1, there are three
coordination strategies if 38> — 4ak > 0. Otherwise, there are
four coordination strategies. For semicentralized model 2,
there are two coordination strategies, which can lead to the
win-win status.

6. Numerical Analysis

It is assumed that an E-commerce logistics market includes
an E-commerce mall M, an express company E, and a
terminal distribution service provider T. The E-commerce
mall only sells one product, and the market demand function
of the product is q = 450 — 8p + 15s. The logistics service
cost of express company is g (s) = 165> It is assumed that the
unit product cost of E-commerce mall C,; is 30, the unit
service cost of express company Cj is 12, and the unit

is 3.

6.1. Numerical Analysis of Centralized and Semicentralized
Decision Models. Take the above data into Table 3 and get
the optimal solution and profit of each partner in semi-
centralized decision-making and centralized decision-
making models, respectively (see Table 4).

Compared with the three semicentralized decision-
making models, the logistics service quality of the express
companies is higher, the price of products is lower, and the
sales volume is higher, so the overall profit of the system is
higher under the centralized decision-making model. Fur-
thermore, semicentralized models 1 and 3 have the same
effort level of logistics service, product price, and sales
volume, thus bringing the same overall profit of the system.
In the case of semicentralized model 2, the effort level of
logistics service is low, the product price is high, and the sales
volume is low, so the overall profit of the system is low.
However, due to the fact that the E-commerce mall cannot
control the effort level of logistics service when the express
company and the terminal distribution service provider are
in an alliance, and it is difficult to solve the practical problem
that the end distribution cannot meet the customer demand.
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TaBLE 4: Optimal solution and profit with different decision models.

Parameter Semicentralized 1 Semicentralized 2 Semicentralized 3 Centralized decision-making
s 2.35 1.69 2.35 4.70
P 55.64 55.81 55.64 55.03
q 40.14 28.84 40.14 80.28
Wy 17.02

Wy 6.60

Wy 20.17

" 225.78

T: 112.89

I1r 103.94

s 225.78

e 162.20

er 112.89

]_[ 338.67 266.14 338.67 451.77

Therefore, the alliance between the E-commerce mall and
the express company or the terminal distribution service
provider is the key to solve the logistics service quality and
improve the logistics service. Compared with the alliance of
E-commerce mall and the express company, the alliance of
E-commerce mall and terminal distribution service provider
has a higher effort level of logistics service, lower product
price, and higher overall profit of the system.

To maximize the overall profit of the LSSC including the
E-commerce mall, the express company, and the terminal
distribution service provider, the express company should
work harder so as to help the E-commerce mall obtain more
orders, but its cost would increase. Therefore, it is necessary
for all partners involved to cooperate on the basis of contract
coordination so as to achieve all-win situation.

6.2. Numerical Analysis Based on Coordination Schemes

6.2.1. Numerical Analysis of Semicentralized Model 1.
According to the analysis of Section 5, if 3/52 — 4ak > 0, then
there are three coordination schemes: (1) the alliance
transfers part of the profit to the express company, (2) the
alliance bears some logistics service cost of the express
company, and (3) the alliance increases the unit delivery
price of the express company.

Al: Coordination of Revenue Sharing. Taking the above data
into formula (47), then.0.0145 < 6, <0.040

That is, when the transferring ratio is within the interval
[0.0145, 0.040], the profit of both parties can be coordinated
and the profit of centralized decision-making can be
achieved. The higher the transferring ratio, the less the profit
it will earn. Otherwise, the alliance will get a higher profit.
The specific transferring ratio depends on the negotiations
between the two partners. The profit that can be realized by
the two parties under different transfer ratios is shown in
Table 5.

From Table 5 and Figure 1, it can be seen that the lower
the proportion of revenue sharing by the alliance is, and the
higher the profit of the alliance is. However, in any case, the
total profits of the alliance and the express company are
higher than the profits before the agreement of the contract

TaBLe 5: Coordination results of revenue sharing in semi-
centralized model 1.

Parameter Alliance Profit coordination

s 2.35 4.70

p 55.64 55.03

q 40.14 80.28

Wg 17.02 17.02

91 — 0.02 0.025 0.035
HMT 225.78 313.85 291.76 247.58
I: 112.89 137.92 160.01 204.19
H 338.67 451.77 451.77 451.77

coordination scheme, which implies that the contract co-
ordination scheme of revenue sharing can play an effective
role.

B1: Coordination of Cost Sharing. Bringing the above data
into formula (51), then 0.18 <7, <0.5.

That is, the alliance, including the E-commerce mall and
the terminal distribution service provider, bears the range of
the effort cost of the express company within the interval
[0.18, 0.5], and the coordination of the profit of both parties
can be realized within the range. The specific cost range
depends on the negotiations between the two parties. The
profit that can be realized by both parties under different
sharing ranges is shown in Table 6.

It can be seen from Table 6 and Figure 2 that the lower
the proportion of cost sharing by the alliance is, the higher
the profit of the alliance is. However, in any case, the total
profits of the alliance and express companies are higher than
the profits before the contract coordination scheme is
reached, which shows that the contract coordination scheme
can help the whole system achieve the all-win situation.

Cl: Coordination of the Unit Price of Express Service.
Bringing the above wvalues into formula (55), then
0.047 < ¢, <0.13.

That is, the range of the unit price increase ratio of the
express service is located in [0.047, 0.13], and the coordination
of the profit of both parties can be realized within the range.
The proportion of specific upward adjustment depends on the
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FIGURE 1: Sensitivity of revenue sharing in semicentralized model
1.

TaBLE 6: Coordination results of cost sharing in semicentralized
model 1.

Parameter Alliance Profit coordination
s 2.35 4.70
p 55.64 55.03
q 40.14 80.28
Wg 17.02 17.02
o — 0.2 0.3 0.4
HMT 225.78 331.51 296.17 260.83
I 112.89 120.26 155.60 190.94
H 338.67 451.77 451.77 451.77
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FIGURE 2: Sensitivity of cost sharing in semicentralized model 1.

results of negotiations between the two parties. The profits that
can be realized by the two parties under different upward
adjustment ratios are shown in Table 7.

From Table 7 and Figure 3, it can be seen that the lower
the proportion of increasing the unit delivery price of the
express company is, the higher the profit of the alliance is.
However, in any case, the total profits of the alliance and the
express company are higher than the profits before the
contract coordination plan is reached, which shows that the
contract coordination can make all the partners in the LSSC
achieve the win-win status.

Complexity

TaBLE 7: Coordination result of the unit price of express service in
semicentralized model 1.

Parameter Alliance Profit coordination
s 2.35 4.70
P 55.64 55.03
q 40.14 80.28
Wg 17.02 18.04 18.38 18.72
. — 0.06 0.08 0.10
[yr 225.78 320.22 292.89 265.57
Il 112.89 131.55 158.88 186.20
I1 338.67 451.77 451.77 451.77
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FIGURE 3: Sensitivity of the unit delivery price in semicentralized
model 1.

6.2.2. Numerical Analysis of Semicentralized Model 2

A3: Coordination of Revenue Sharing by the Terminal Dis-
tribution Service Provider. Take the above data into Formula
(68), then 0 < 6;<0.35.

That is, if the revenue sharing ratio of the terminal
distribution service provider with the alliance is within the
range of (0, 0.35], then all the partners can achieve the all-
win situation. The specific ratio depends on the outcome of
the negotiations between the two parties. The profit between
the two parties with different ratios is shown in Table 8.

From Table 8 and Figure 4, it can be seen that the overall
profit of the supply chain can be greatly improved, with an
increase rate of 69.75% after the revenue sharing by the
terminal distribution service provider. Furthermore, the
smaller the proportion of revenue shared by the terminal
distribution service provider is, the higher the profit of the
terminal distribution service provider is. However, in any
case, the total profits of the alliance and the terminal dis-
tribution service provider are higher than the profits before
the contract coordination scheme is reached, which shows
that the contract coordination scheme can lead to the all-win
status.

B3: Coordination of Cost Sharing by the Terminal Distri-
bution Service Provider. Bringing the above data into for-
mula (72), then 0<#; <0.52.
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TaBLe 8: Coordination results of revenue sharing in semi-
centralized model 2.

Parameter Alliance Profit coordination
s 1.69 4.70
P 55.81 55.03
q 28.84 80.28
Wr 6.60 5.94 5.28 4.62
0, — 0.1 0.2 0.3
e 162.20 215.75 268.73 321.71
I1r 103.94 236.02 183.04 130.06
I1 266.14 451.77 451.77 451.77
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FIGURE 4: Sensitivity of revenue sharing in semicentralized model 2.

TaBLE 9: Coordination results of cost sharing in semicentralized
model 2.

Parameter Alliance Profit coordination

s 1.69 4.70

p 55.81 55.03

q 28.84 80.28

W 6.60 6.60

s — 0.1 0.3 0.45
HME 162.20 198.10 268.79 321.81
HT 103.94 253.67 182.98 129.96
l_[ 266.14 451.77 451.77 451.77

That is, the terminal distribution service provider un-
dertakes some percentage of the service effort cost. If the
ratio ranges within the interval of (0, 0.52], then the co-
ordination can be realized. The specific cost-bearing ratio
depends on the results of negotiation between the two sides.
The profits realized by the two sides under different share
ratios are shown in Table 9.

From Table 9 and Figure 5, it can be seen that the overall
profit of the supply chain can also be greatly improved, with
an increase of 69.75% after the cost sharing by the terminal
distribution service provider. Specifically, the smaller the
bearing proportion of effort cost by the terminal distribution
service provider is, the higher the profit of the terminal
distribution service provider is. However, in any case, the
total profits of the alliance and the terminal distribution
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FIGURE 5: Sensitivity of cost sharing in semicentralized model 2.

service provider are higher than the profits before the
contract coordination scheme is reached, which suggests
that the contract coordination scheme can stimulate all the
partners to cooperate together and get the win-win situation.

7. Conclusion and Future Research

This study focuses on the E-commerce LSSC system con-
sisting of an E-commerce mall, an express company, and a
terminal distribution service provider and studies the co-
ordination strategy of semicentralized and centralized de-
cision models. With comparative analysis, it is found that the
performance of the centralized model is better than that of
semicentralized models.

To achieve the global profit level of centralized decision-
making and promote the cooperation to establish alliances, it
is necessary to apply coordination strategies to achieve long-
term win-win cooperation. Based on this, it discusses the
profit coordination schemes of the two semicentralized al-
liances. In the profit coordination scheme of the semi-
centralized model 1, coordination strategies are discussed
according to the two situations. When 33” — 4ak > 0, three
coordination strategies are discussed: revenue sharing, cost
sharing, and coordination of the unit delivery price. When
4ak — 38> > 0, four coordination strategies are proposed: the
alliance’s revenue sharing, cost sharing, coordination of the
unit delivery price, and the express company’s revenue
sharing. In the coordination scheme of semicentralized
model 2, two coordination schemes are developed, which are
the strategy of revenue sharing and cost sharing by the
terminal distribution service provider.

Furthermore, through the numerical analysis, the rev-
enue transferring ratio, the proportion of cost sharing, and
the unit delivery price of logistics service under the semi-
centralized decision models are analyzed, respectively.
Under the coordination strategy, the ratios of revenue
sharing and cost sharing are different in the above semi-
centralized decision models. The choice of specific contract
scheme depends on the comparative advantage of each
partner in the negotiation. The research results also provide
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some practical support for decision makers to choose ap-
propriate cooperation models based on their real business
environment.

Finally, it concludes that the E-commerce mall can get
the highest profit when the express company and the
terminal distribution service provider join the alliance.
However, the E-commerce business may not be sustain-
able because the E-commerce mall cannot control the
logistics service quality and cannot solve the bottleneck
problem of the last-mile delivery in reality, which is a key
issue for customers. The alliance of E-commerce mall and
terminal distribution service providers can improve the
quality of logistics service, solve the bottleneck problem of
terminal distribution, and improve the overall profit of
LSSC. E-commerce mall and terminal distribution service
providers can join the alliance with express companies
through supply chain coordination, such as revenue
sharing, cost sharing, and adjusting the unit delivery
price. When the E-commerce mall and express company
join the alliance, we need to coordinate the terminal
distribution service provider to share some revenue or
undertake some cost of logistics service so as to make all
the partners achieve the all-win status. Therefore, for
E-commerce LSSC, the alliance including E-commerce
mall and terminal distribution service providers can be a
better choice. The rookie alliance in real life is a typical
embodiment.

This research, with respect to existing studies, extends
the supply chain coordination in the field of downstream
three-echelon LSSC including the terminal distribution,
takes the price and effort level of logistics service dependent
demand into account, develops effective coordination
strategies, such as revenue sharing and cost sharing con-
tracts, and unit delivery price coordination, and provides
managerial implication for decision makers to choose ap-
propriate alliance in real business and develop effective
coordination strategy.

However, there also exist the following limitations. (1) In
real business, the price and demand functions are affected by
many factors and are not simply linear or quadratic func-
tions. In the subsequent research, the influences of various
factors on price and demand will be considered to establish
more practical decision models. (2) In the supply chains with
both online and offline business, the sales volume of online
platform will be fluctuated by the influence of offline sales.
The future research will explore the problem with stochastic
demand and information asymmetry and consider the de-
cision-making with a dual-channel online and offline
business.
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