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Abstract: In order to solve the problems of mismatch between transportation resources and order
volume in logistics transportation, we propose a cooperative pattern called sharing transportation
to solve this problems. In this pattern, several logistics enterprises or alliances cooperate with
each other and share transportation resources to achieve the goal of reducing costs and increasing
income. In this paper, we set the application scene of sharing transportation to the section from the
distribution center to the service outlets in the city. We first put forward the judgment function in
the analysis model of cooperative pattern, and the possible cooperative pattern is divided into three
kinds by constructing and solving the replication dynamic equation. Then we proposed the income
allocation model by considering the functions of order quantity and overall income. Moreover, the
proposed models are extended to the multi-agent game situation to realize the sharing transportation
of multiple enterprises. Finally, we use the example simulation and sensitivity analysis to verify the
rationality of the model. This paper provides a new idea for how to integrate the surplus resources to
increase the profit in the process of logistics transportation.

Keywords: sharing logistics; sharing transportation; dynamic game; evolutionary game; income
allocation

1. Introduction
1.1. Background

The sharing economy (SE) is a popular economic model at present, it involves sec-
tors such as transportation, accommodation, entertainment and technology [1]. Sharing
logistics(SL) is a new branch of the sharing economy. Compared with the homestay form
of lodging, car sharing, bike sharing and charge bank sharing have been put into the
market, but sharing logistics still exist on a small scale or even in the stage of theoretical
research. Take China as an example. In March 2020, the Sharing Economy Research Center
of the State Information Center released The Report on the Development of China’s Sharing
Economy [2], which pointed out a lot of shocking data related to the SE in 2019. The market
turnover of China’s SE was CNY 3282.8 billion, an increase of 11.6% over the previous
year. Employment in the SE has maintained rapid growth, with 6.23 million employees on
the platform, an increase of 4.2% over the previous year. SE has played a more significant
role in improving the structure of the service sector and promoting the transformation of
consumption patterns. In addition, enterprises with sharing economy models in transporta-
tion, catering and accommodation accounted for 37.1%, 12.4% and 7.3% of the industry,
respectively, which are 20.5, 7.8 and 3.8 percentage points higher than 2016. Meanwhile,
the popularizing rate of online car-hailing, take-out meals, shared accommodation and
shared medical care up 15.1%, 21.58%, 4.7% and 7% over 2016. We can see that SE has a
very large market in China, but the shared logistics does not have much application in
the market. However, based on the prosperity and development of SE today, the broad
prospects of SL can be anticipated.

In addition, with the further expansion and development of e-commerce in recent
years, the logistics industry has received extensive attention. In 2018, Gross Merchandise
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Volume (GMV) achieves USD 29.16 trillion with year-on-year growth of 11.7% in China [3].
It is obvious that the rise of e-commerce has also brought the logistics industry into a
golden period of high order volume, high turnover and high-speed development. In this
context, the optimization of the operation cost and operation efficiency of logistics has
become an urgent problem. There is no doubt that SL is one of the important development
directions of Sharing Economy.

The content of this paper focuses on the transportation part of SL, including the coop-
erative pattern between logistics enterprises and the income allocation after the cooperation.
We propose the idea of adopting the pattern of cooperation between logistics enterprises or
alliances in the transportation section from the distribution center in the city to the service
outlet in each district. In many cases, the order quantity and transportation capacity of
different logistics enterprises and alliances do not match. For example, some logistics
enterprises with strong financial resources have strong transportation capacity, but they
will face problems such as high empty load rate of trucks and excess transportation capacity.
At the same time, some enterprises obtain a large number of logistics orders by means of
cooperation with merchants and e-commerce platforms, but they do not have enough trans-
portation capacity, which is prone to problems such as decreased transportation quality and
loss of orders. In addition, at present, many logistics enterprises form regional alliances
(such as Cainiao Alliance) through mutual shareholding. Such logistics alliances will also
join the cooperation system of SL due to the overall uncoordinated excess capacity or excess
orders and other problems. Among the problems studied in this paper, there are some
issues to be considered, such as whether enterprises or alliances cooperate, cooperative
pattern and income allocation pattern under reasonable cooperative pattern. The key to the
problem lies in how to establish a reasonable and win-win income allocation mechanism
between the two logistics systems. The paper focuses on the problem of cooperative pattern
and income allocation of the sharing logistics.

1.2. Literature Review

Sharing logistics (SL) is an important branch of the sharing economy. In previous
studies, scholars have done a lot of discussion and analysis on sharing logistics and sharing
economy, respectively. In addition, game theory is also an important research method
applied in various fields in recent years. As a result, we use the method of game theory to
solve the problem.

1.2.1. Related Work of Sharing Economy

The sharing economy (SE) is still a relatively new concept today. As a result, there is no
consensus on the definition of the sharing economy. Literature provides several definitions
of the SE. Some authors define the SE as the sharing of unique and underutilized resources
through commercial and non-commercial means based on the Internet platform without the
transfer of ownership [4–6]. Clauss et al. argued the SE as the models based on the platform
which allow the change from an ownership society to a sharing one [7]. Belk define the
SE as the acquisition and allocation of resources through commercial and non-commercial
compensation [8].

1.2.2. Research on Sharing Logistics

In order to optimize the allocation of logistics resources, reduce the waste of logistics
resources, reduce logistics costs and improve logistics benefits, Wang [9] proposed the con-
cept of sharing logistics. Many studies have pointed out that sharing logistics is beneficial
to enhance the interests of cooperation entities. Qin et al. [10] proposed that the advantages
of shared service strategies continue to increase with the increase of logistics service levels
and market potential. When the logistics service level or market potential increases to a
certain level, it will lead to a win–win situation. He et al. [11] proposed that if the price
is within a certain range, two companies can improve Pareto through logistics service
sharing (LSS). When the price of shared logistics services is below a threshold, the social
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welfare with LSS will be greater than the social welfare without LSS. In addition, sharing
logistics has been applied in many real scenes, which has strong practical significance and
reference value. Stephanus [12] studied the application of sharing logistics of resource
interoperability in Singapore. Wang et al. [13] took Chongqing as an example to prove
the effectiveness of the collaborative mechanism and optimization algorithm of sharing
logistics. In addition, Marcucci et al. [14] took Rome’s limited traffic zone as an example,
and combined the discrete choice model with the agent-based model, considering the
heterogeneous preferences and interaction effects of stakeholders, which better supported
the real participatory decision-making process of freight related policies, through building
consensus and minimizing the efficiency loss caused by the negotiation process.

In order to improve the benefits of the various entities in the entire logistics supply
chain, scholars have done extensive research on different research objects. He et al. [15]
studied the impacts of logistics resource sharing on B2C E-commerce companies and
customers. Li et al. [16] did evolutionary game analysis of cooperation between high-
speed express and express enterprises. In addition, due to the different types of shared
resources, the research methods and results are also quite different. Luo et al. [17] studied
sharing logistics service supply chain with revenue-sharing and cost-sharing contracts.
Taking Velox (a global logistics organization) as an example, Wong and Davision [18]
studied the impact and contribution of knowledge sharing in theory, practice and methods.
Taking Vietnam’s logistics industry as an example, in view of its market scale and cost
factors, Pham et al. [19] studied supply chain partners, sharing methods and influencing
factors of the sharing practice between information logistics enterprises and their supply
chain partners.

With the development of sharing logistics at home and abroad, through sharing
resources to achieve a reasonable distribution of orders among cooperative enterprises has
gradually become an important means to reduce costs and increase efficiency in the main
and end links of logistics field, especially suitable for the special transportation field which
is affected by national special policies and systems and has high technical requirements.
Stephanus [12] studied sharing logistics of resource interoperability for the last mile against
Singapore’s restrictions on the vehicle types. Wang et al. [13] studied the optimal profit
distribution plan that benefits from long-term cooperation in the field of cold chain logistics
by restricting the minimum cost and total cost of special vehicles (refrigerated vehicles).

1.2.3. Application of Game Theory

Game theory is known for its research achievements in the economic field, but in
recent years it has been widely used in various fields of research. Khojasteh [20] use game
theory and the robust optimization to obtain a robust energy procurement strategy for
the Micro-grid Operator in smart allocation grids with hydrogen-based energy resources.
They proposed an energy procurement strategy of MGO to balance the price of electricity
with the electricity demand of customers. Chen [21] utilize cooperative game-theory ap-
proaches (the Cournot game and the Shapley value) to find the benefit allocation balance
in the cooperation of automation transformation in Hong Kong warehousing industry.
Zhang et al. [22] selected evolutionary game model to investigate the optimal selection
of two modes (outsourcing mode and authorization mode) in the cooperation of two
leading original equipment manufacturers and two third-party remanufacturers in reman-
ufacturing industry. Bukvi et al. [23] used the congestion game for route selection, so as
to well analyze the routing problems of competitive logistics operators on the transport
network consisting of three Eastern Adriatic ports and an intermodal terminal in Budapest.
Based on the comparison of different methods of game theory, Tatarczak [24] analyzed the
methods of profit distribution among members of the fourth party logistics supply chain
alliance system.
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1.3. Contribution of This Paper

The paper models the actual scene of sharing transportation to analyze the cooperative
pattern and income allocation under three patterns of cooperation, combining evolutionary
games and dynamic games innovatively. The main contributions can be summarized
as follows:

(1) The complex scene of sharing transportation is parameterized by means of evolu-
tionary game. In the evolutionary game stage, we carefully considered the various factors
affecting the choice of cooperation or not. These influencing factors are integrated and
adjusted into some reasonable parameters. Through these parameters, the paper described
the game process of the cooperation pattern concisely and accurately. Then the judgment
function is given by copy dynamic equation. This judgment function has extraordinary
guiding significance to reality. Enterprises can calculate whether they should cooperate or
not by calculating the judgment function.

(2) This paper simplifies the game scene through the characteristics of the infinite
round game model. In the study of profit distribution, we simplify the game scene through
the characteristics of the infinite round game model. Since the actual scene of sharing
transportation is very complicated, it is impossible to draw conclusions by considering too
many parameters. This paper applies the theory of infinite round games to greatly reduce
the number of parameters, but at the same time retain the accuracy of the conclusion. In the
conclusion, the optimal distribution pattern and the income of enterprises are calculated.

(3) This paper extends the scene to that of multi-agent game. In sharing transportation,
there often exist more than two game agents. To our best knowledge, the existing literature
simply divides the multi-agent game into a two-agent game, or focuses on a certain game,
such as using the Nash core to solve the n-person cooperative in a dynamic game. In this
paper, we divide multi-agent games into three sub-situations: one-to-one, one-to-many,
and many-to-many. Through these three situations, various complicated situations in
multi-agent games are considered.

1.4. Overview of Each Section of This Paper

Section 1, respectively, introduces the background, literature reviews, contributions,
and finally introduces the overview of each section of the paper. Section 2 mainly describes
the research scene and gives a brief introduction to our proposed solutions. Section 3
formulates two main model to determine the cooperation pattern of both sides of the
game, and solve the maximum income and optimal income distribution. Section 4 analyzes
the model and draws valuable conclusions. Section 5 studies the cooperation pattern of
multi-agent game. Section 6 sets up the parameters in line with the actual situation to carry
out simulation verification and does sensitivity analysis. Section 7 gives a summary of
this paper.

2. Problem Statement

The problem scene studied in this paper is that logistics enterprises lacking capacity
and providing capacity share resources to reduce costs and increase efficiency, thereby
promoting the healthy and rapid development of the entire supply chain. In order to show
the problem to be stated in this study clearly, we have drawn the following illustration.

As shown by the red dashed box in Figure 1, the carrying capacity of logistics enter-
prises or alliances often cannot match the number of orders obtained in the actual logistics
transportation scene.
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Figure 1. Illustration of problem statement.

On the one hand, due to the influence of festivals and large-scale promotional activities,
the number of logistics orders will increase by hundreds to thousands of times in a short
period of time. In order to resist this huge pressure, many large logistics enterprises choose
to invest a lot of money to purchase vehicles, equipment and hire labor, which, however, is
superfluous for daily transportation work. Furthermore, if the logistics enterprises whose
infrastructure has just started choose to explore newer markets, the number of logistics
orders is insufficient.

On the other hand, the logistics enterprises that cooperate and reach agreements with
merchants and websites, usually have much more logistics orders. However, limited by
capital, personnel, etc., they may not have enough transport capacity to match these orders.
As shown by the black dashed box in Figure 1, such enterprises are usually named logistics
enterprises lacking capacity.

Therefore, the logistics enterprises lacking capacity can share the resources of enter-
prises providing capacity to avoid the loss of orders caused by the lack of transport capacity,
and achieve a win–win effect by reasonable distribution of interests.

In this paper, considering that there are three transport modes of land, air and sea in
long-distance transportation across provinces and cities, it is not easy to coordinate system-
atically so that we define the cooperative transport section as the part of the distribution
center to service outlet of one city. At the same time, we simulate the real negotiation scene,
in which the smaller enterprises (alliances) should take the lead in bidding, then the two
sides play a game to produce the final income allocation and pricing.

Based on the above practical applications and practical scene, a model is formulated
to study the cooperative pattern and income allocation of transportation part of SL.

3. Model Formulation

In the formulation of the cooperative pattern model, we mainly solve the cooperative
pattern between cooperative enterprise A and B by studying the expected profit conditions.
According to the evolutionary game, we define that the two enterprises have the following
three cooperative patterns in the transportation segment studied:

• Pattern 1: Enterprise B shares its own resources to help A to transport.
• Pattern 2: Enterprise A shares its own resources to help B to transport.
• Pattern 3: Enterprise A and Enterprise B share resources with each other to help

transport.



Sustainability 2021, 13, 9347 6 of 28

Sharing resources mentioned above means sharing vehicle resources, human resources,
information resources, etc.

In order to analyze the optimal income allocation in three patterns, we firstly for-
mulate the overall income model to solve the optimal overall income function, and we
formulate the bargaining game model to solve the optimal income allocation pattern in the
cooperation process.

3.1. Cooperative Pattern Analysis
3.1.1. Preliminaries

I: Notations
Before formulating the model, we calibrate the research object, research goal and some

of the parameters involved to complete the preparatory work. The following parameters are
determined from cooperative pattern analysis and income allocation analysis. The notations
related to the cooperative pattern analysis are summarized in Table 1.

First of all, the object of model research is two game subjects with cooperative and
competitive relationship, enterprise A and B. Two game players each have two strategic
choices, cooperation or non-cooperation. Cooperation is recorded as Y, non-cooperation is
recorded as N.

Secondly, calibrate the probability of enterprise A to cooperate as x; then, calibrate
the probability of enterprise B to cooperate as y, where 0 ≤ x ≤ 1, 0 ≤ y ≤ 1. The larger
the value of x, the greater the tendency of enterprise A to choose cooperation. Similarly,
the larger the value of y, the greater the tendency of enterprise B to choose cooperation.
Discuss two extreme cases: when x, y = 0, the two parties do not cooperate at all and when
x, y = 1, the two parties adopt full cooperation approach. Li [16] used a similar parameter
assumption method in the analysis of cooperation between high-speed rail express and
express delivery enterprises. The research extended and expanded it on the basis of it.

Besides, since both enterprise A and B have their own original business, we assume the
overall profit of operating their own business is π1, π2, where π1, π2 ≥ 0; when enterprise
A and B conduct two-way cooperation, the overall profit of both parties is calibrated as π

′
1,

π
′
2; when enterprise A unilaterally shares resources with B, the overall profit of both parties

is calibrated as π
′
3, π

′
4; when enterprise B unilaterally shares resources with A, the overall

profit of both parties is calibrated as π
′
5, π

′
6; and when enterprise A and B have cooperation

negotiations but the cooperation fails, due to the upfront cost, the overall profit of both
parties still changes, demarcated as π

′
7, π

′
8.

II: Necessary assumptions
Assumption 1: Assuming that due to the cooperation of enterprise A and B, one

party needs to pay a certain risk cost to the other party when helping the other party in
delivering while it also needs to bear the risk cost incurred when the other party delivers
its own express delivery. We sum the two risk costs and get the total risk cost of one party’s
enterprise, record the total risk cost of enterprise A and B as b, b

′
.

Assumption 2: Regardless of whether the cooperation between enterprise A and B
is successful in the end, it is assumed that in order to promote mutual cooperation, both
parties will consume a certain amount of negotiation cost. The proportion coefficient of
negotiation cost shared by both parties under different cooperation states is shown in
Table 2.

Assumption 3: After enterprise A and B cooperate and share resources, their respec-
tive benefits will also change accordingly. Suppose that the amount of change in the
logistics enterprise’s profit after cooperation is only affected by the following parts: the
profit of helping the cooperative logistics enterprise to deliver express delivery, the pay-
ment of the cost of helping the cooperative logistics enterprise to deliver express delivery,
risk cost expenditure and negotiation cost.

Assumption 4: In different cooperative patterns, it is assumed that market environ-
ment is the same, which includes the total amount of orders available for competition
in the market, the user’s perception coefficient of transport speed, the user’s perception
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coefficient of freight and other conditions determined by the market are fixed and do not
change with the change of cooperative pattern.

Table 1. Main notations and corresponding explanations.

Notation Definition Description

A Logistics enterprise A Game subject 1
B Logistics enterprise B Game subject 2
Y Cooperation pattern is cooperation Game strategy 1
N Cooperation pattern is not cooperation Game strategy 2

x Probability of logistics enterprise A 0 ≤ x ≤ 1adopting cooperation

y Probability of logistics enterprise B 0 ≤ y ≤ 1adopting cooperation

π1

In the state of non-cooperation between the two
π1 ≥ 0parties, the overall profit of A from operating its

own business

π2

In the state of non-cooperation between the two
π2 ≥ 0parties, the overall profit of B from operating its

own business

π
′
1

When A and B cooperate in two ways,
π
′
1 ∈ Rthe overall profit of A

π
′
2

When A and B cooperate in two ways,
π
′
2 ∈ Rthe overall profit of B

π
′
3

When A unilaterally shares resources
π
′
3 ∈ Rwith B, the overall profit of A

π
′
4

When A unilaterally shares resources
π
′
4 ∈ Rwith B, the overall profit of B

π
′
5

When B unilaterally shares resources
π
′
5 ∈ Rwith A, the overall profit of A

π
′
6

When B unilaterally shares resources
π
′
6 ∈ Rwith A, the overall profit of B

π
′
7

When A and B fail to cooperate,
π
′
7 ∈ Rthe overall profit of A

π
′
8

When A and B fail to cooperate,
π
′
8 ∈ Rthe overall profit of B

Table 2. Negotiation cost ratio coefficient of enterprise A and B (nc1 ≈ nc4 < nc3 < nc2).

Negotiation Cost Ratio
Enterprise B

Share Resources Not Share Resources

Enterprise A Share resources nc1, 1 − nc1 nc2, 1 − nc2

Not share resources nc3, 1 − nc3 nc4, 1 − nc4

III: Overall cooperation profit function
As the two enterprises cooperate and share resources, the utilization of corporate

resources and the efficiency of transportation have changed. As a result, the total revenue of
the logistics enterprise has also changed significantly. Based on Assumption 2, Assumption
3, and Assumption 4, this paper will concretely calculate the profit function of enterprise
A and B after cooperation, to prepare for the construction of the final model. There are
two parts in the profit function. The first part is the increase in corporate profits after
cooperation, and the latter part is the basic profits of the enterprise.

The parameter setting table can be shown as Table 3.
For enterprise A, the profit after cooperation is calculated out:

π
′
= s1 ·m1 + p1 · n1 + s1 · n2 − p2 · n2 − b− nc · c (1)
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For enterprise B, the profit after cooperation is calculated out:

π
′
= s2 ·m2 + p2 · n2 + s2 · n1 − p1 · n1 − b

′ − (1− nc) · c (2)

Table 3. Parameter setting.

Notation Definition Description

p1
The price of each express which A helps B p1 > 0to transport

p2
The price of each express which B helps A p2 > 0to transport

s1 The market price of each express of A s1 > 0
s2 The market price of each express of B s2 > 0

m1
The number of express transported with own m1 > 0transportation resources of A

m2
The number of express transported with own m2 > 0transportation resources of B

n1
The number of express transported for the n1 > 0counterparty of A

n2
The number of express transported for the n2 > 0counterparty of B

b The total risk cost of A b > 0
b
′ The total risk cost of B b

′
> 0

nc Negotiation cost ratio coefficient 0 < nc1 ≈ nc4 < nc3 < nc2 < 1

c Average negotiation cost under different c > 0cooperation states

3.1.2. Model Formulation

According to the parameters assumed in the previous section and the formulation of
the evolutionary game model, the profit eagle dove table is as follows (Table 4):

Table 4. Negotiation cost ratio coefficient of enterprise A and B (nc1 ≈ nc4 < nc3 < nc2).

Negotiation Cost Ratio
Enterprise B

Share Resources Not Share Resources

Enterprise A Share resources π
′
1, π

′
2 π

′
3, π

′
4

Not share resources π
′
5, π

′
6 π

′
7, π

′
8

According to the profit matrix in the eagle dove table, when enterprise A chooses
to share resources, enterprise B may share or not. When two-way sharing, the profit of
cooperative enterprise A is π

′
1; when only enterprise A shares resources with B, the profit

of A is π
′
3. The expected profit when the cooperative enterprise A chooses to share

resources is:
Ehc = y · π′1 + (1− y) · π′3 (3)

Similarly, when the cooperative enterprise A chooses not to share resources, the ex-
pected profit is:

Ehn = y · π′5 + (1− y) · π′7 (4)

Then the average profit of cooperative enterprise A is:

Eh = xEhc + (1− x)Ehn = x[yπ
′
1 + (1− y)π

′
3] + (1− x)[yπ

′
5 + (1− y)π

′
7] (5)
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From the above equations of Ehc and Eh, the dynamic equation for copying when
cooperative enterprise A shares resources is:

F(x) =
dx
dt

= x(Ehc − Eh) = x(1− x)(Ehc − Ehh)

= x(1− x)[y(π
′
1 − π

′
5) + (1− y)(π

′
3 − π

′
7)]

(6)

Similarly, the dynamic equation for copying when cooperative enterprise B shares
resources is:

F(y) =
dy
dt

= x(Ehc − Eh) = y(1− y)(Ehc − Ehh)

= y(1− y)[x(π
′
2 − π

′
4) + (1− x)(π

′
6 − π

′
8)]

(7)

3.2. Income Allocation Analysis

In this paper, the overall revenue model is formulated to solve the most reasonable
market pricing and to obtain the optimal overall income. Then the bargaining game model
is formulated to solve the respective benefits of each cooperative enterprise (the profit
allocation method of SL).

We have supplemented the following assumptions for the two models formulated
above to be better unified:

In Pattern 1, enterprise A is the one with the larger volume. A seeks out enterprise B
with the lowest price on the market by means of open bidding in the market, the chamber
of commerce, etc. Furthermore, B can fully bear the demand of sharing transportation of A
in the discussed transportation section. Furthermore, in Pattern 2, A is the one with the
larger volume. A seeks out cooperative enterprise B with the lowest price on the market
by means of open bidding in the market, the chamber of commerce, etc. Furthermore, A
can fully bear the demand of sharing transportation of B in the discussed transportation
section. In Pattern 3, two enterprises cooperate become a logistics alliance in the form of
mutual investment through reasonable negotiation.

I: Overall income model
The overall income model parameter setting table can be shown as Table 5.

Table 5. Parameter setting.

Parameter Definition

W The overall income

a Annual orders in the first-tier city market

t The average transportation time

p The average freight

k1 User’s perception coefficient of transportation time

k2 User’s perception coefficient of freight

Q The order quantity function

According to the actual situation and relevant research, we can easily know that: when
other factors are the same and the transportation speed is faster, users will be more willing
to choose the logistics service, and when other factors are equal and the freight is lower,
users will be more likely to choose the logistics service. At the same time, the order volume
available to the logistics enterprise is the order volume that can be competed for in the
market minus the non-ideal loss of the order volume due to speed and freight. The overall
income brought by logistics transportation in this transportation section can be defined
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as the multiplication of the order volume and the price. Therefore, the following function
model is formulated:

Order quantity function:
Q = a− k1t− k2 p (8)

Overall income function:

W = Q · p = (a− k1t− k2 p) · p (9)

II: Bargaining game model
The bargaining game model parameter setting table can be shown as Table 6.

Table 6. Bargaining game model parameter setting.

Parameter Definition

W1 The share of the income of A in Pattern 1

W2 The share of the income of B in Pattern 1

W
′
1 The share of the income of A in Pattern 2

W
′
2 The share of the income of B in Pattern 2

W”
1 The share of the income of A in Pattern 3

W”
2 B’s share of the income of B in Pattern 3

δ The proportion of orders lost after each bargaining round

An infinite round bargaining game model is formulated here to simulate the real nego-
tiation scene. It is assumed that at the nth round in the negotiation process, the proposed
income allocation method is (Sn, W−Sn), the income allocation of cooperative enterprise A
is Sn, the income allocation of cooperative enterprise B is W−Sn, then the negotiation scene
of income allocation can be summarized as Figure 2.

A previous paper takes two independent enterprises as the research subject and
studies the bargaining game and income allocation between them. This study guides the
direction for enterprises to better realize the income maximization in the whole transporta-
tion. However, in the actual competition and cooperation scene, there is often a strong
combination of several enterprises. The cooperative enterprises can realize the sharing of
resources or part of resources, reduce business costs, gather competitive strength, to achieve
the goal of maximizing the self-income of the enterprise.

Therefore, based on the “game between two logistics enterprises” model, this part
will expand the study of the “game between logistics enterprises and enterprise alliances”
model and the “game between two logistics enterprise alliances” model. Hereby, a set of
enterprises that are associated with each other is defined as an "enterprise alliance" for the
convenience of reference below.
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Figure 2. Bargaining game model.

4. Analysis
4.1. Cooperative Pattern Analysis

(1) Analysis of equilibrium point of evolution process
According to the method proposed by Friedman [25], the stability of the equilibrium

point of the game system can be derived from the local stability of the Jacobian matrix
of the system. Let Formulas (4) and (5) equal to 0, the system equilibrium point can be
obtained: O (0,0), A (0,1), B (1,0), C (1,1), and D (p, q).

p =
π
′
8 − π

′
6

π
′
2 − π

′
4 − π

′
6 + π

′
8

(10)

q =
π
′
7 − π

′
3

π
′
1 − π

′
5 − π

′
3 + π

′
7

(11)

(2) Local stability analysis of equilibrium point
Finding the partial derivatives of F(x) and F(y) with respect to x and y, respectively,

the determinant and trace of the Jacobian matrix J can be obtained:

Det(J) =∣∣∣∣∣(1− 2x)[y(π
′
1 − π

′
5) + (1− y)(π

′
3 − π

′
7)] x(1− x)(π

′
1 − π

′
5 − π

′
3 + π

′
7)

y(1− y)(π
′
2 − π

′
4 − π

′
6 + π

′
8) (1− 2y)[x(π

′
2 − π

′
4) + (1− x)(π

′
6 − π

′
8]

∣∣∣∣∣ (12)

tr(J) = (1− 2x)[y(π
′
1 − π

′
5) + (1− y)(π

′
3 − π

′
7)]

+(1− 2y)[x(π
′
2 − π

′
4) + (1− x)(π

′
6 − π

′
8)]

(13)
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Analyze the local stability of the system, 16 cases are shown in Table 7–12. Table 7
describes local stability analysis results in case 1 to case 3; Table 8 describes local stability
analysis results in case 4 to case 6; Table 9 describes local stability analysis results in case
7 to case 9; Table 10 describes local stability analysis results in case 10 to case 12; Table 11
describes local stability analysis results in case 13 to case 15; and Table 12 describes local
stability analysis results in case 16.

Table 7. Local stability analysis results I.

Equilibrium

π
′
1 − π

′
5 < 0 π

′
1 − π

′
5 < 0 π

′
1 − π

′
5 < 0

π
′
2 − π

′
4 < 0 π

′
2 − π

′
4 < 0 π

′
2 − π

′
4 < 0

π
′
3 − π

′
7 < 0 π

′
3 − π

′
7 < 0 π

′
3 − π

′
7 > 0

Point π
′
6 − π

′
8 < 0 π

′
6 − π

′
8 > 0 π

′
6 − π

′
8 < 0

Det(J) tr(J) Stability Det(J) tr(J) Stability Det(J) tr(J) Stability

(0,0) + − ESS − uncertain Saddle − uncertain Saddle
point point

(0,1) − uncertain Saddle + − ESS − uncertain Saddle
point point

(1,0) − uncertain Saddle − uncertain Saddle + − ESSpoint point
(1,1) + + Unstable + + Unstable + + Unstable

Table 8. Local stability analysis results II.

Equilibrium

π
′
1 − π

′
5 < 0 π

′
1 − π

′
5 < 0 π

′
1 − π

′
5 < 0

π
′
2 − π

′
4 < 0 π

′
2 − π

′
4 < 0 π

′
2 − π

′
4 < 0

π
′
3 − π

′
7 < 0 π

′
3 − π

′
7 < 0 π

′
3 − π

′
7 > 0

Point π
′
6 − π

′
8 < 0 π

′
6 − π

′
8 > 0 π

′
6 − π

′
8 < 0

Det(J) tr(J) Stability Det(J) tr(J) Stability Det(J) tr(J) Stability

(0,0) + + Unstable + − EES − uncertain Saddle
point

(0,1) − − Unstable − uncertain Saddle + − EESpoint
(1,0) + - EES + + Unstable + + ESS

(1,1) + + Unstable − uncertain Saddle − uncertain Saddle
point point

Table 9. Local stability analysis results III.

Equilibrium

π
′
1 − π

′
5 < 0 π

′
1 − π

′
5 < 0 π

′
1 − π

′
5 < 0

π
′
2 − π

′
4 < 0 π

′
2 − π

′
4 < 0 π

′
2 − π

′
4 < 0

π
′
3 − π

′
7 < 0 π

′
3 − π

′
7 < 0 π

′
3 − π

′
7 > 0

Point π
′
6 − π

′
8 < 0 π

′
6 − π

′
8 > 0 π

′
6 − π

′
8 < 0

Det(J) tr(J) Stability Det(J) tr(J) Stability Det(J) tr(J) Stability

(0,0) − uncertain Saddle + + Unstable + − ESSpoint

(0,1) − uncertain Saddle + − EES + + Unstablepoint

(1,0) − uncertain Saddle − uncertain Saddle − uncertain Saddle
point point point

(1,1) − uncertain Saddle − uncertain Saddle − uncertain Saddle
point point point



Sustainability 2021, 13, 9347 13 of 28

Table 10. Local stability analysis results IV.

Equilibrium

π
′
1 − π

′
5 < 0 π

′
1 − π

′
5 < 0 π

′
1 − π

′
5 < 0

π
′
2 − π

′
4 < 0 π

′
2 − π

′
4 < 0 π

′
2 − π

′
4 < 0

π
′
3 − π

′
7 < 0 π

′
3 − π

′
7 < 0 π

′
3 − π

′
7 > 0

Point π
′
6 − π

′
8 < 0 π

′
6 − π

′
8 > 0 π

′
6 − π

′
8 < 0

Det(J) tr(J) Stability Det(J) tr(J) Stability Det(J) tr(J) Stability

(0,0) − uncertain Saddle − uncertain Saddle + + Unstablepoint point

(0,1) − uncertain Saddle + + Unstable − uncertain Saddle
point point

(1,0) − uncertain Saddle + − EES + − EESpoint

(1,1) − uncertain Saddle − uncertain Saddle − uncertain Saddle
point point point

Table 11. Local stability analysis results V.

Equilibrium

π
′
1 − π

′
5 < 0 π

′
1 − π

′
5 < 0 π

′
1 − π

′
5 < 0

π
′
2 − π

′
4 < 0 π

′
2 − π

′
4 < 0 π

′
2 − π

′
4 < 0

π
′
3 − π

′
7 < 0 π

′
3 − π

′
7 < 0 π

′
3 − π

′
7 > 0

Point π
′
6 − π

′
8 < 0 π

′
6 − π

′
8 > 0 π

′
6 − π

′
8 < 0

Det(J) tr(J) Stability Det(J) tr(J) Stability Det(J) tr(J) Stability

(0,0) − − Unstable − uncertain Saddle − uncertain Saddle
point point

(0,1) + + Unstable − uncertain Saddle + + Unstablepoint

(1,0) + + Unstable + + Unstable − uncertain Saddle
point

(1,1) + - ESS + - ESS + - ESS

Table 12. Local stability analysis results VI.

Equilibrium Point

π
′
1 − π

′
5 > 0

π
′
2 − π

′
4 > 0

π
′
3 − π

′
7 < 0

π
′
6 − π

′
8 < 0

Det(J) tr(J) Stability

(0,0) + + Unstable
(0,1) − uncertain Saddle point
(1,0) − uncertain Saddle point
(1,1) + − ESS

(3) Analysis of evolution results
According to the above calculation and analysis, it can be concluded that there are

16 kinds of evolutionary equalization results of the system. The copy dynamic phase
diagram is shown in Figure 3.
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(a) (b) (c) (d)

(e) (f) (g) (h)

(i) (j) (k) (l)

(m) (n) (o) (p)

Figure 3. Copy dynamic phase diagram of sixteen situations.

Conclusion:

1. As shown in Figure 3a,e,i, regardless of the initial state of the system, the two par-
ties cannot achieve a win–win cooperation in the end. The system will tend to an
evolutionary stable point (0,0). The two parties will adopt a non-cooperative strategy.

2. As shown in Figure 3b,f,h, (0,1) is the stable point of the evolution of the game between
the two parties: enterprise A does not help enterprise B to transport express, while
enterprise B helps enterprise A to transport express.

3. As shown in Figure 3c,d,k,l, (1,0) is the stable point of the evolution of the game
between the two parties: enterprise B does not help A to transport express, while A
helps B to transport express.

4. As shown in Figure 3m,n,o,p, (1,1) is the stable point of the evolution of the game
between the two sides: both enterprises help each other to transport express.

5. As shown in Figure 3g,j, the system has no stable point.

Through the above analysis, under different income conditions, the final result of
the game between the two parties mainly evolves into three situations: non-cooperation,
cooperation, and one-way cooperation. To date, the research has obtained the actual
situation corresponding to the sixteen evolutionary results. Realize the parameterization of
the real scene, and get the specific recommendation strategy according to the enterprise
situation. The model of the thesis allows enterprises to get the most favorable choice in
various situations.

4.2. Income Allocation Analysis

In this part, through the formulation of the order quantity function and overall income
function, we solve the maximum income and allocation patterns of enterprises under the
situation of one-way sharing resources and both sides sharing resources.

According to the Equations (8) and (9), we can solve and then get, when

p =
a− k1t

2k2
(14)
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The maximum value of the overall income function can be obtained:

W(max) =
(a− k1t)2

4k2
(15)

Thereafter, the study analyzes the income allocation model according to the three
alternative cooperative patterns above:

I: Pattern 1
Based on the research of Shaked and Sutton on infinite round game in Economic Game

Theory [26]:
Step1: According to the study of “three-round bargaining game model”, the optimal

solution of the model is as follows:
Player 1 puts forward its own benefit W1 = W −W · δ + δ2S in the first round; Player

2 accepts and gets W2 = W · δ − δ2. Since the application scene of "three-round bargaining
game model" is inconsistent with the scene discussed in this paper. The research further
promotes the infinite bargaining game as follows.

Step2: It is assumed that the infinite round bargaining game has an inverse inductive
solution, in which the benefits of A and B are S and W − S, respectively. Namely, A
proposes its own benefit S in the first round while B accepts it. According to the infinite
round game model, the bargaining starts from the third round in the same scene as the
bargaining starts from the first round, that is, A proposes its own benefit S in the third
round, B accepts it. In the circumstance, the benefits of both parties are S and W − S,
respectively.

S = W −W · δ + δ2S (16)

To deduce
S =

W
1 + δ

(17)

Step3: In this infinite round bargaining game, the result of equilibrium optimal
solution is as follows: cooperative enterprise A bids in the first round:

S∗ =
W

1 + δ
(18)

B receives and obtains benefit:

W − S = W · δ

1 + δ
(19)

Put the above research results into the income allocation model constructed above:
According to the Equation (15) and optimal solution allocation of the above infinite

round game model, the maximum income allocation of the two enterprises is:
A:

W1(max) =
(a− k1t)2

4k2(1 + δ)
(20)

B:

W2(max) =
δ(a− k1t)2

4k2(1 + δ)
(21)

II: Pattern 2
Similarly, when A completely helps B, assuming that B makes an offer first and A puts

forward the allocation plan first in the negotiation process, the maximum income allocation
of the two enterprises is:

A:

W
′
1(max) =

δ(a− k1t)2

4k2(1 + δ)
(22)
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B:

W
′
2(max) =

(a− k1t)2

4k2(1 + δ)
(23)

III: Pattern 3
If Pattern 3 turned out to be the best cooperative pattern through modeling and

analysis, then A and B should formulate a logistics alliance (similar to the Cainiao Logistics)
through reasonable negotiation, completely share resources, transport all orders together.
Moreover, they should carry out the income allocation refer to the stake, the resources
invest and so on. The logistics alliance’s overall income is:

W ′′(max) = W(max) (24)

5. Model Extension

In the previous part, we discussed the cooperation between the two enterprises.
However, in reality, multiple enterprises will participate in the preliminary cooperation
negotiation process. In order to take this situation into account, we extend the model to a
multi-agent situation.

5.1. Additional Assumptions

To simplify the problem research, the extended model weakens the bargaining game
among subjects and ignores the differences in competitiveness of different subjects within
each alliance. Therefore, different subjects within the same alliance have the same business
parameters, such as freight, quantity, operating and administrative expenses, negotiation
costs and so on. Moreover, each subject within the same enterprise alliance has the same
cooperative strategy.

5.2. Model Analysis

In the case of cooperation between multiple enterprises, the enterprises will first
negotiate in pairs, and some enterprises will form alliances. Therefore, the entire negotiation
situation of multi-enterprise cooperation only includes the following three situations:
one enterprise and one enterprise, one enterprise and one logistics alliance, and two
logistics alliances.

Since the logistics alliance is a consortium of two or more enterprises, and its nature is
basically similar to that of a logistics enterprise, we can regard the above three negotiation
situations as a dual-agent game. Based on this, we extended the model to multi-enterprise
cooperation, as shown in the following Figure 4.

On the one hand, based on all the above assumptions, the profit before and after the
enterprise alliance participates in the game is expressed with known parameters, and then
the eagle-pigeon table of the game between the two parties is constructed. Furthermore,
according to the profit after sharing resources, the copy dynamic equation and the Jacobian
matrix of the system is solved, and then the stable point coordinates is solved. Finally,
by analyzing all the combinations of different parameter value conditions, the stability of
this situation is figured out.

On the other hand, the enterprise transportation income function is designed according
to the actual logistics and transportation situation. Moreover, the maximum income
model is constructed and the maximum income is solved, the bargaining game model is
constructed and the best income distribution mode in each case is solved.
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Logistics Alliance A

Enterprises 1 Enterprises 2

Enterprises 4Enterprises 3

Logistics Alliance B

Enterprises 1 Enterprises 2

Enterprises 4Enterprises 3

Independent 
Logistics Enterprises Logistics Alliance

Enterprises 1 Enterprises 2

Enterprises 4Enterprises 3

I.

II.

Figure 4. Two situations (I,II) in Multi-enterprise cooperation model illustration.

5.3. Meaning of the Model Extension

In the logistics industry, multiple enterprises cooperate with each other, to realize
resource sharing and formulate a logistics transportation system is bound to become the
future trend. This part of the study simplifies it, restricts the constraint conditions, extends
the cooperation between two logistics enterprises model, improves the value of theoretical
research and model application.

At the same time, in the actual scene, many logistics enterprises have used alliances to
seize the market (such as holding shares of each other, etc.). Therefore, extending the model
to a number of express delivery enterprises is a very meaningful extension of the market.

6. Example Simulation

In this part, we mainly simulate the model. First of all, we set the simulation data on
the public platform and combining with actual survey results, which involves the preset
of express freight, etc. Secondly, we analyze the change of income of both enterprises
affected by cooperation and sharing. Then, the paper studies the allocation of enterprise
income after the game, and verifies the rationality of the preset express freight. Finally,
the sensitivity analysis of freight, income distribution mode and the maximum income
is studied.

6.1. Parameter Assignment

By querying relevant data released on the public platform of Express Query Tool [27]
and combining with actual survey results, we assign values to each parameter in the model
built above, as shown in Tables 13 and 14.
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Table 13. Parameter assignment I.

Parameter Evaluation

p1 USD 12
p2 USD 10
S1 USD 18
S2 USD 14
b1 USD 560,000
b2 USD 560,000

nc1 0.5
C USD 300,000

m1 600,000
m2 700,000
n1 400,000
n2 100,000

Table 14. Parameter assignment II.

Parameter Unit Evaluation

a (billion orders) 1
k1 (billion orders/day) 1
k2 (billion orders/USD) 0.15

δ 0.95

6.2. Simulation Analysis
6.2.1. Analysis of Willingness to Cooperate

Based on the data in Table 13, it can be calculated out: π1 − π5 > 0, π2 − π4 > 0,
π3 − π7 > 0, π6 − π8 > 0, which corresponds to Conclusion Section 4 in the previous part
of the paper. In other words, both enterprises tend to help each other to transport express.

6.2.2. Analysis of Profit Growth

In order to see the impact of cooperative transportation on the enterprise more intu-
itively, we calculated the profit changes before and after the cooperation between enterprise
A and enterprise B.

For enterprise A, the change profit of A after cooperation is calculated out:

∆π
′
= p1 ∗ n1 + S1 ∗ n2 − p2 ∗ n2 − b1 − nc1 ∗ c = 489 (25)

For enterprise B, the change profit of B after cooperation is calculated out:

∆π
′
= p2 ∗ n2 + S2 ∗ n1 − p1 ∗ n1 − b2 − (1− nc1) ∗ c = 189 (26)

Therefore, under the cooperative pattern which enterprise A and enterprise B both
help each other in transportation, the profits of both parties will increase.

6.2.3. Income Allocation and Preset Freight Verification

Since the analysis of income and cost is often carried out in two parts separately, in this
part, we mainly study the income distribution of the subjects participating in the game.
At the same time, we verify the pricing of transporting the express preset in the previous
part of the paper.

According to the Equation (15) and the assign values shown in Table 14, W(max) is
calculated.

W(max) =
(1− t)2

0.6
(27)

As the average transportation time increases, the average freight and overall income
are shown in the following Table 15.
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Table 15. W(max)-p/t relational table.

t (day) p (USD) W(max)(billion USD)

0.2 2.67 1.07
0.4 2.00 0.60
0.6 1.33 0.27
0.8 0.67 0.07

According to the data of p in the table above, the preset freight is reasonable. The W(max)-
t relational figure is Figure 5:

Figure 5. W(max)-t relational figure.

Next, we will discuss the income distribution of both sides of the game under the
three patterns, and study the dynamic relationship between market competitiveness and
freight of transporting express.

I: Pattern 1
According to the Equation (20), (21) and the assign values shown in Table 14, W1(max)

and W2(max) is calculated.

W1(max) =
(1− t)2

1.17
(28)

W2(max) =
(1− t)2

1.23
(29)

In the case of A unilaterally helping B transport, the income allocated to enterprise A
is calculated, as shown in Table 16.

Table 16. W1(max)-t relational table.

t (day) W1(max)(billion USD)

0.2 0.55
0.4 0.31
0.6 0.14
0.8 0.03

The W1(max)-t relational figure is Figure 6:
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Figure 6. W1(max)-t relational figure.

In the case of A unilaterally helping B transport, the income allocated to enterprise B
is calculated, as shown in Table 17.

Table 17. W2(max)-t relational table.

t (day) W2(max)(billion USD)

0.2 0.52
0.4 0.29
0.6 0.13
0.8 0.03

The W2(max)-t relational figure is Figure 7:

Figure 7. W2(max)-t relational figure.

Pattern 2
According to the Equation (22), (23) and the assign values shown in Table 14, W

′
1(max)

and W
′
2(max) is calculated.

W
′
1(max) =

(1− t)2

1.23
(30)

W
′
2(max) =

(1− t)2

1.17
(31)
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In the case of enterprise B unilaterally helping A transport, the income allocated to
enterprise A is calculated, as shown in Table 18.

Table 18. W
′
1(max)-t relational table.

t (day) W
′
1(max)(billion USD)

0.2 0.52
0.4 0.29
0.6 0.13
0.8 0.03

The relational figure is Figure 8:

Figure 8. W
′
1(max)-t relational figure.

In the case of enterprise B unilaterally helping A transport, the income allocated to
enterprise B is calculated, as shown in Table 19.

Table 19. W
′
2(max)-t relational table.

t (day) W
′
2(max)(billion USD)

0.2 0.55
0.4 0.31
0.6 0.14
0.8 0.03

The W
′
2(max)-t relational figure is Figure 9:
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Figure 9. W
′
2(max)-t relational figure.

III: Pattern 3
According to the Equation (24) and the assign values shown in Table 14, W ′′(max) is

calculated.

W ′′(max) =
(1− t)2

0.6
(32)

Then under different transportation times, the maximum value of income of the
alliance are shown in the following Table 20.

Table 20. W”(max)-t relational table.

t (day) p (USD) W”(max)(billion USD)

0.2 2.67 1.07
0.4 2.00 0.60
0.6 1.33 0.27
0.8 0.67 0.07

The W”(max)-t relational figure is Figure 10:

Figure 10. W”(max)-t relational figure.

In the previous part, we can see that the solution results of the models in the three
patterns are all within a reasonable range and in line with our expectations after introducing
the assumed parameters. Considering the actual transportation time and pricing strategy,
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we only focus on the function change of t between 0 and 2 days. We can see that in the
three patterns, the overall income and the income of A and B (such as W1, W2) all reach
the maximum value when t is infinitely approaching 0; equal to 0 when t is equal to 1; and
negative when t is greater than 0.

Meanwhile, with the increase of t, income decreases gradually. This functional feature
is in line with the reality: in logistics transportation, the shorter transportation time will
gain more customers’ favor and more income. However, in the logistics transportation
in cities, one day’s transportation time is obviously long and the competitiveness is poor.
Therefore, in this model, when t = 1, the enterprise will have zero income because it cannot
get orders, and even suffer a loss when t > 1.

6.3. Sensitivity Analysis

In the part, we conduct sensitivity analysis on the model, find out several parameters
in the model that have great influence on the cooperation income, analyze the reasons
and the important factors that play a leading role, improve the reliability and flexibility of
cooperation evaluation. We conducted sensitivity analysis from the following three aspects,
as shown below.

6.3.1. Sensitivity Analysis of Factors Affecting Freight

It can be seen that the change of the values of a and t will affect the optimal value of
freight, where p and a are directly proportional with a proportional coefficient of 3.33. p
and t are directly proportional with a proportional coefficient of −3.33. The influence of a
and t on p is shown in Figure 11. In the actual application scene, the market a is around
billion orders, t is about 0.6 days, p is about USD 1.5. Therefore, the base value of a in this
sensitivity analysis is billion orders, the base value of a is 0.6 days.

We can get the rate of change of p-a relational table as Table 21:

Table 21. The rate of change of p-a relational.

a (billion Orders) The Rate of Change of a p (USD) The Rate of Change of p

0.6 −40.00% 0.00 100.00%
0.8 −20.00% 0.67 −49.87%

1(base value) 0.00% 1.33 0.00%
1.2 20.00% 2.00 50.38%
1.4 40.00% 2.67 100.00%

We can get the rate of change of p-a relational table as Table 22:

Table 22. The rate of change of p-t relational.

t(day) The Rate of Change of t p (USD) The Rate of Change of p

0.2 −66.67% 2.67 100.00%
0.4 −33.33% 2.00 50.38%

0.6(base value) 0.00% 1.33 0.00%
0.8 33.33% 0.67 −49.87%
1 66.67% 0.00 −100.00%
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Figure 11. p-a, t diagram of sensitivity analysis.

As can be seen from the above tables and images, a and t have the same influence on
the value of freight p while the influence is great. a changes by 20% near the base value,
making the freight p change by about 50%. t changes by 33% near the base value, making
the freight p change by about 50%.

6.3.2. Sensitivity Analysis of Factors Affecting the Maximum Income

The following is the sensitivity analysis of the influence degree of A and T on W.
The relation table of the change rate of W-a & t can be listed as Tables 23 and 24. The W(max)-
a and t diagram can be made as Figure 12.

Table 23. The rate of change of W-a relational.

a (Billion Orders) The Rate of Change of a W (billion
USD) The Rate of Change of W

0.6 −40.00% 0.00 −100.00%
0.8 −20.00% 0.07 −75.31%

1(base value) 0.00% 0.27 0
1.2 20.00% 0.60 122.22%
1.4 40.00% 1.07 295.06%

Table 24. The rate of change of W-t relational.

t (day) The Rate of Change of t W (billion
USD) The Rate of Change of W

0.2 −66.67% 1.07 295.06%
0.4 −33.33% 0.60 122.22%

0.6(base value) 0.00% 0.27 0
0.8 33.33% 0.07 −75.31%
1 66.67% 0.00 −100.00%
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Figure 12. W(max)-a, t diagram of sensitivity analysis.

As can be seen from the above tables and images, a and t have the same influence on
the value of W while the influence is great. a changes by 20% near the base value, making
the W change by about 25%. t changes by 33% near the base value, making the W change
by about 25%.

6.3.3. Sensitivity Analysis of Factors Affecting the Income Allocation Pattern

The W1(max)-δ, t diagram can be made as Figure 13. The W2(max)-δ, t diagram
can be made as Figure 14. When the value of δ is different, the income of A and B are
obviously different. It can be concluded that the value of δ has a great influence on the
income allocation. With the change of δ, the changes of W1(max) and W2(max) can be
shown in Table 25.

Figure 13. W1(max)-δ, t diagram of sensitivity analysis.
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Figure 14. W2(max)-δ, t diagram of sensitivity analysis.

Table 25. δ-W1(max)/W2(max) income allocation.

δ W1(max) W2(max)

0 1 0
0.2 83.33% 16.67%
0.4 71.43% 28.57%
0.6 62.50% 37.50%
0.8 55.56% 44.44%
1 50.00% 50.00%
10 9.09% 90.91%

100 0.99% 99.01%
1000 0.10% 99.90%

∞ 0 1

From the above analysis, it can be seen that:
When δ value is 0, the income proportion of A is 1, the income proportion of B is 0.

As the value of δ changes from 0 to infinity, the income proportion of A decreases gradually,
while the income proportion of B increases gradually. When the value of δ goes to infinity,
the income proportion of B is 1, the income proportion of A is 0.

7. Conclusions

In this paper, we put forward a kind of logistics cooperative pattern named sharing
logistics, put forward the cooperative pattern analysis model and the benefit distribution
analysis model in sharing logistics, and combined them reasonably. In the analysis model
of cooperative pattern, the judgment function is put forward, and the possible cooperative
pattern is divided into three kinds by constructing and solving the replication dynamic
equation. In the income allocation model, we proposed the game and income function
considering the action sequence. At the same time, we connect the above two models,
and the cooperation model analysis and benefit distribution model considering the multi-
agent game situation are put forward. According to our research, logistics enterprises
of different scales and with different characteristics can improve each other’s resource
utilization rate and increase profits by joining "sharing logistics". However, this model still
has some shortcomings, for example, it has not been tested by the complex transportation
situation, and the research on the cooperative mode of mutual business is not in-depth
enough. We will conduct further research in the future, and we expect this model to fully
demonstrate its capability.
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