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Abstract: Under the background of “Internet plus” rapid development, the
agricultural logistics industry should apply information technology to every
link of the agricultural product logistics industry chain. By making full use of
the decision making module of the agricultural logistics information system,
we can realize the full sharing of information and data resources, which makes
the decision-making scheme of the agricultural logistics information system
more optimized. In real economic society, the uncertainty and mismatch
between the customer’s logistics service demand and the logistics service
capability that the logistics service function provider can provide, that is, when
the two information are asymmetric, how to use the third-party contract to
coordinate the income and profit distribution of the two, to make the infor-
mation system decision making more reasonable? This paper mainly studies
the coordination scheme of agricultural logistics information system decision
making under uncertain output and demand information by introducing the
spot market. A joint coordination strategy based on revenue sharing and
penalty feedback contracts proposes decentralized decision making based on
game theory. Experiments show that the flexible ordering strategy proposed
in this paper can reduce the logistics service supply chain’s uncertainty and
significantly improve the logistics service supply chain’s overall income level
through coordination contracts.

Keywords: Game theory; decision coordination strategy; agricultural logistics;
information system; logistics service supply chain (LSSC)

1 Introduction

Agricultural product logistics is an essential link in the rapid development of agriculture. It occu-
pies a critical position in the national social and economic development and is related to agricultural
modernization and the fundamental interests of farmers. As an essential part of the agricultural
service industry, the agricultural product logistics industry is a composite, primary, and leading
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industry integrating agricultural production, transportation, warehousing, freight forwarding, and
information industry. Modern technology plays an essential role in promoting the transformation and
upgrading of traditional agricultural logistics. With the rapid development of emerging technologies
such as intelligent sensing, the Internet of things, big data, and artificial intelligence, agricultural
product logistics systems’ analysis, decision-making, and execution ability have been dramatically
improved [1]. Decentralized, inefficient, and high-cost logistics services gradually transform into an
industrial chain with complementary and integrated resources, mutual connection, and division of
labor. Different types of logistics service providers have begun to enter the integration stage and are
moving steadily towards the trends of mobile logistics, platform and ecosystem, supply chain, and
cross-border logistics, and the whole agricultural logistics service industry has ushered in a new period
of rapid development [2].

Agricultural logistics informatization is a series of processing activities which logistics enterprises
use to collect, classify, transmit, summarize, identify, track and query the information generated
in agricultural logistics operations, which aims to realize the control in logistics activities with
information technology and to realize the control in the process of logistics activities, to improve the
efficiency of logistics and reduce the total cost of agricultural logistics. Informatization is an essential
prerequisite for the development of agricultural logistics and provides information technology support
for each link in the operation process of agricultural logistics [3].

In the rapid development of informatization, there are some problems in the agricultural logistics
service industry, such as imperfect logistics network systems, many intermediate links, and high
circulation costs. At the same time, the management process of the agricultural logistics service
industry has the problem of uncertain customer logistics service demand and logistics service capability
that logistics service function providers can provide. Therefore, to improve the overall competitiveness
of the agricultural logistics industry, it is necessary to integrate the logistics resources of promising
agricultural products enterprises and deeply integrate them into the agricultural products supply chain
[4]. Strengthen the research on the integrated operation of agricultural logistics service resources,
and give the corresponding solutions and Countermeasures to form the synergy and scale benefits
of agricultural materials agricultural products logistics chain, improve the logistics efficiency of
agricultural products and reduce the logistics cost. Which undoubtedly has essential theoretical value
and practical significance for building a fast track for the production and marketing of agricultural
products, improving circulation efficiency, reducing logistics costs, realizing high-quality agricultural
development, and promoting the supply-side reform of the agricultural logistics service industry [5].

There are many differences between the logistics information systems of agricultural products,
and their actual characteristics and various requirements for information are also different. Because
of the uncertainty and mismatch between customers’ logistics service demand and the logistics service
capability provided by logistics service function providers in the information management process of
the agricultural logistics service industry, this paper studies the coordination of the logistics service
supply chain by introducing the spot market [6].

2 Literature Review

Internet informatization can combine the main factors in agricultural products, strengthen their
interoperability, and then ensure the logistics efficiency of agricultural products. The agricultural
logistics management information system collects agricultural logistics information and stores it. After
processing and maintenance, it is output in text, tables, graphics, and reports to help logistics managers
or leaders control logistics operation activities [7]. Then they can calmly handle various businesses,
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share resources with customers. Furthermore, improve work efficiency and benefits. The real-time
analysis of data can provide business decision support for enterprises, help enterprises formulate
strategies and tactics, and enhance their competitiveness. With the improvement of the integrity
and complexity of logistics service outsourcing, logistics takes the customer’s logistics demand as
the starting point to form a service process of mutual supply and demand relationship to complete
a complete supply process of logistics services. This supply and demand relationship constitutes
the logistics service supply chain. As a vital decision-making function of logistics management
information systems, the logistics service supply chain has attracted the attention of scholars at home
and abroad in recent years [8–11].

Karl Inderfurth described the infrastructure of logistics management information systems from
the technical level and introduced the development of relevant theories of a logistics information
system [12]. P. H. Ketikidis et al. systematically studied the logistics information collection, resource
allocation, resource sharing, resource control, and other management systems of supply chain logistics
starting from the supply chain [13]. Article [14] makes a qualitative analysis on the motivation, process,
and advantages of logistics enterprise alliance from the level of strategic management. However,
this research still analyzes the organizational form of logistics service provision from the unilateral
perspective of logistics service providers. It does not take the demander of logistics service into
account. Choy et al. [15] considered that the logistics service supply chain is a supply chain with the
basic structure of “functional provider logistics service integrator customer.” They proposed using an
integrated logistics information management system (ILIMS) to manage the uncertainty of this service
supply chain. Cui et al. [16] analyzed the complementarity and interaction between different types of
logistics enterprises in logistics service value creation from two aspects of network and capability based
on resource dependence and the analysis of the industrial network method. Lu et al. [17] studied the
income distribution in the logistics service supply chain, established a two-level supply chain composed
of logistics service integrators (LSI) and multiple functional logistics service providers (FLSP), and
established an improved income distribution model considering FLSP’s unfair aversion. Wang et
al. [18] introduced fairness preference into the channel coordination of the logistics service supply
chain. They proposed that channel coordination cannot be realized when LSI is in adverse unfairness.
This study is about the LSSC composed of LSI and FLSP. Liu et al. [19] studied a two-stage supply
chain composed of one LSI and multiple FLSPs. They established an order allocation model, which
considers the fairness preference caused by demand update and peer attention between FLSPs. Weihua
Liu and Yijia Wang [20] studied the influence of logistics service integrator (LSSC) composed of a
logistics service integrator (LSI) and a logistics service provider (LSP) on the behavior of logistics
service integrator (LSSC) under risk preference in a fuzzy decision-making environment. Considering
the LSSC composed of green innovation cost and demand, this paper establishes an essential quality
control game model and studies the risk attitude in supply chain quality control. Weihua Liu and Yijia
Wang [21] think that the basic quality control game model is established in LSSC composed of (LSI)
and (FLSP), and the problem of risk attitude in supply chain quality control is studied.

It can be seen from the above research that there are still some gaps in this field: on the one
hand, although the concept of logistics service supply chain has been popularized, it is relatively
rarely applied in the agricultural industry; on the other hand, there is relatively little research on the
demand and output of logistics services under uncertain conditions. To sum up, although scholars
have carried out theoretical and technical research on logistics management information systems, the
research on logistics management information systems in the agricultural industry is not deep enough
and is basically in a blank state. Aiming at all links of agricultural logistics management, especially
the construction of agricultural coordination strategy of the agricultural logistics service supply chain,
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and then the construction of an information system will provide more scientific and modern support
for its development.

3 Model Construction

Fig. 1 shows a typical agricultural logistics system architecture that provides infrastructure
functions such as data storage, security, and system load balancing service at the IaaS layer. In the
automatic operation and maintenance layer of PaaS, platform services such as Docker, production
environment, system monitoring, and role management are provided [22]. In the application layer,
the system provides logistics traceability, supplier app, driver app, logistics operation, and other
applications for agricultural logistics [23]. Decision service is the core of the whole logistics system
in the internal basic service layer. The service needs to reasonably allocate resources to solve the
problem of uncertainty and mismatch between customer logistics service demand and logistics service
capability. It is provided by logistics service function providers in the information management process
of the agricultural logistics service industry, which aims to determine the maximum procurement
quantity and minimum procurement quantity of agricultural logistics service capability and improve
the overall interests of participants.
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Figure 1: A typical agricultural logistics system architecture

This paper focuses on the analysis of the decision service module. Consider a two-level logistics
service supply chain composed of an agricultural logistics service function provider facing the
stochastic output of logistics service capability and a logistics service integrator facing the uncertainty
of logistics service capability demand (as shown in the Fig. 2). In the process of integrators purchasing
logistics service capabilities and functional providers investing in logistics service capabilities, this
paper studies the functional relationship between logistics service integrators and functional providers
through game theory. This paper assumes that the agricultural logistics service integrator is the leader
and the follower is the agricultural logistics service, function provider. It is assumed that both function
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providers and integrators make decisions according to their expected profit maximization, and the
information between them is entirely symmetrical.

logistics service function 
provider

Logistics service 
integrator customer

logistics service function 
provider

Logistics service demand Logistics service

Demand uncertaintyOutput uncertainty

Figure 2: Logistics service supply chain with uncertain output and demand

L represents the maximum output of logistics service capacity that agricultural logistics service
function providers can provide. ε is the stochastic output factor of logistics service function providers
about logistics service capability. Then, the logistics service function provider’s actual output about
logistics service capability is εL, where ε ∈ [a, b], 0 ≤ a ≤ b ≤ 1, E (ε) = μ1, this paper assumes that
the output of logistics service providers about logistics service capability is random. Its cumulative
probability density and distribution functions are g (y) and G (y), respectively.

A random function represents the customer logistics service demand faced by logistics service
integrators. Its cumulative probability density and distribution functions are f (x) and F (x), E (x) =
μ2, F (x) = 1 − F (x) respectively. At the same time, the wholesale price of unit logistics service
capability provided by logistics service function providers to logistics service integrators is defined
as w. The investment cost per unit logistics service capability of agricultural logistics service providers
and the operation cost per unit logistics service capability of logistics service integrators are expressed
by C1 and C2, respectively.

Let the price of logistics service integrator selling unit logistics service capability to customers be
p. To ensure the overall profitability of the logistics service supply chain, obviously p > cI + cF/μ1.

On the other hand, define D as the number of service capabilities delivered by the logistics

service function provider to the logistics service integrator. Then, D =
⎧⎨
⎩

q, εL ≤ q;
εL, q < εL < Q;
Q, εL ≥ Q .

Then, q

and Q represent the minimum and maximum logistics service capacity purchased by logistics service
integrators from logistics service function providers, respectively.

This paper assumes that the agricultural logistics service integrator adopts the Flexible Ordering
Policy. The quantity of logistics service capacity purchased by the logistics service integrator from
the logistics service function provider is (q, Q). When the number of random logistics service capacity
provided by the logistics service function provider is less than q, the function provider will dispatch part
of the logistics service capacity from the spot market. Other logistics service function providers make
up for their own logistics service capacity shortage. The number of logistics service capacity received by
the logistics service integrator is q. When the number of random logistics service capabilities provided
by the logistics service function provider is more significant than Q, the logistics service integrator’s
number of logistics service capabilities is Q. When the number of random logistics service capabilities
provided by logistics service function providers is between q and Q, the number of logistics service
capabilities received by logistics service integrators is also between q and Q.
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Assuming that the agricultural logistics service integrator is the leader and the agricultural logistics
service function provider is the follower, the decision-making order of the logistics service function
provider and the integrator is as follows:

Step 1: The agricultural logistics service integrator determines a flexible procurement strategy, that
is, the quantity of logistics service capacity purchased from the agricultural logistics service function
provider is (q, Q);

Step 2: After receiving the purchase order from the agricultural logistics service integrator, the
agricultural logistics service function provider determines the maximum investment reserve of logistics
service capacity L, and the corresponding stochastic output quantity of logistics service capability is
zL. When zL < q, the logistics service function provider dispatches the logistics service capacity of
unit q − zL from the spot market, that is, other logistics service function providers, to make up for its
shortcomings. Assume that the scheduling cost of unit logistics service capacity is s. When zL > Q, the
logistics service integrator only receives the logistics service capability of unit Q. Quantity of service
capacity delivered by agricultural logistics service function providers to logistics service integrators,

D =
⎧⎨
⎩

q, εL ≤ q;
εL, q < εL < Q;
Q, εL ≥ Q .

.

Step 3: the logistics service capacity provided by the agricultural logistics service integrator to
customers is min (D, X).

The symbols designed in this paper are shown in Tab. 1.

Table 1: Symbol description

Symbol Definition

L The maximum investment reserve of logistics service capacity that agricultural
logistics service function providers can provide.

ε Agricultural logistics service function providers’ stochastic output factors about
logistics service capability

g(y) The cumulative probability density function of agricultural logistics service capacity
G(y) The distribution function of agricultural logistics service capacity
X The customer logistics service demand faced by agricultural logistics service

integrators, a random function
f (x) The cumulative probability density function of customer logistics service demand
F(x) The distribution function of customer logistics service demand
w Wholesale price per unit logistics service capacity provided by agricultural logistics

service function providers to logistics service integrators
cF Investment cost of unit logistics service capability of agricultural logistics service

providers
cI The operation cost of unit logistics service capability of the agricultural logistics

service integrator
p Agricultural logistics service integrators sell the price of unit logistics service

capability to customers.

(Continued)
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Table 1: Continued
Symbol Definition

q The minimum quantity of logistics service capacity purchased by agricultural logistics
service integrators from logistics service function providers

Q The maximum quantity of logistics service capacity purchased by agricultural
logistics service integrators from logistics service function providers

D Number of service capabilities delivered by agricultural logistics service function
providers to logistics service integrators

3.1 Centralized Decision Model of Agricultural Logistics Service Supply Chain

In order to provide a benchmark for decentralized decision-making and the establishment of
subsequent coordination contracts, this paper first studies the model under centralized decision of
agricultural logistics service supply chain. When the output of logistics service capacity of agricultural
providers is random, and customer demand is random. The core goal of the agricultural logistics
information system is to determine the optimal investment reserve of logistics service capacity and
maximize the expected profit of the supply chain system of logistics service. At this time, the expected
revenue of LSSC can be expressed by Eq. (1):

πC
L (q, Q, L) =E

[
p min (D, X) − s (q − εL)

+ − cFD
] − cIL

=p
{∫ q/L

a

E [p min (q, X)] g (y) dy +
∫ Q/L

q/L

E [p min (yL, X)] g (y) dy

+
∫ b

Q/L

E [p min (Q, X)] g (y) dy} − s
∫ q/L

a

(q − yL) g (y) dy

− cI

{
q

∫ q/L

a

g (y) dy + L
∫ Q/L

q/L

yg (y) dy + Q
∫ b

Q/L

g (y) dy
}

− cF L (1)

E [min (y, X)] =
∫ y

0

yf (x) dx + yF (y)

Under centralized decision-making, the expected revenue function of the agricultural logistics
service supply chain is mainly composed of four parts. They are sales revenue of agricultural logistics
service capacity. When the investment reserve of agricultural logistics service providers is less than Q,
the cost of dispatching logistics service capacity from the spot agricultural market. The operation cost
of agricultural logistics service integrators on logistics service capability and the cost of logistics service
capability invested and reserved by logistics service function providers.

Further simplified Eq. (1), agricultural logistics service
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The expected revenue function of the supply chain can be expressed as:

πC
L (q, Q, L) =

∫ q/L

a

{pE [min (q, X)] − s (q − yL) − cIq} g (y) dy

+
∫ Q/L

q/L

{pE [min (yL, X)] − cF yL} g (y) dy

+
∫ b

Q/L

{pE [min (Q, X)] − cIQ} g (y) dy − cFL (2)

When q = Q, D ≡ Q, the purchased quantity of agricultural logistics service integrator about
logistics service capability remains unchanged, called Invariable Ordering Policy, at this time, the
expected revenue function of the agricultural logistics service supply chain is:

π IOP
L (Q1, L1) =E

[
p min (Q1, X) − s (Q1 − εL1)

+] − cF L1 − cIQ1

=p
{∫ Q1

0

xf (x) d (x) + Q1F (Q1)

}

− s
∫ Q1/L1

a

(Q1 − yL1) g (y) dy − cFL1 − cIQ1 (3)

Theorem 1: When (q, Q, L) =
(

F
−1

((s + cI) /p) , F
−1

(cF/p) , LC
)

, The expected revenue of the

logistics service supply chain obtains the optimal value, and LC meets the following equation:

s
∫ qC/LC

a

yg (y) dy +
∫ QC/LC

qC/LC

[
pF

(
yLC

) − cI

]
yg (y) dy − cF = 0 (4)

At this time, the optimal expected revenue of the agricultural logistics service supply chain is:

πC∗
L =πC∗

L

(
qC, QC, LC

) = p

{∫ qC/LC

a

(∫ qC

0

xf (x) dx

)
g (y) dy

+
∫ QC/LC

qC/LC

(∫ yLC

0

xf (x) dx

)
g (y) dy +

∫ b

QC/LC

(∫ QC

0

xf (x) dx

)
g (y) dy

}
(5)

Prove: Omitted.

When q = qC, Q = QC, the following inference can be drawn from Proposition 5.1:

Corollary 1 If q = Q, when the purchasing quantity QC
1 of logistics service capacity of agricultural

integrator and the material capacity investment reserve L1 of function provider meet the Eqs. (6) and
(7), the expected revenue of logistics service supply chain can be optimized. The optimal value is shown
in Eq. (8):

pF
(
QC

1

) − sG
(

QC
1

LC
1

)
− cI = 0 (6)

s
∫ QC

1 /LC
1

a

yg (y) dy − cF = 0 (7)

π IOP∗
L = π IOP

L

(
QC

1 , LC
1

) = p
∫ QC

1

0

xf (x) dx (8)
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From Proposition 1 and Corollary 1, the following conclusions can be drawn:

Theorem 2: The expected revenue of logistics service supply chain under flexible ordering strategy
is greater than that under fixed ordering strategy. That is, there is a relationship πC

L

(
qC, QC, LC

)
>

π IOP
L

(
QC

1 , LC
1

)
.

Prove: Omitted.

It can be seen from Theorem 2 that agricultural logistics service integrators adopt a flexible
ordering strategy, which is better than a fixed ordering strategy. Therefore, logistics service integrators
can flexibly adjust procurement decisions according to practical needs.

3.2 Optimal Procurement Decision of Agricultural Logistics Service Integrator

For the investment reserve quantity L of any given function provider about service capacity, the
expected revenue of agricultural integrator satisfies the relationship (9):

πD
I (q, Q, L) = pE [min (D, X)] − (w + cI) E (D) (9)

The expected income of an integrator is mainly composed of the sales revenue of agricultural
logistics service capacity and the operation cost of providing service to customers. Eq. (9) can be
expressed as follows:

πD
I (q, Q, L) =

∫ q/L

a

{pE [min (q, X)] − (w + cI) q} g (y) dy

+
∫ Q/L

q/L

{pE [min (yL, X)] − (w + cI) yL} g (y) dy

+
∫ b

Q/L

{pE [min (Q, X)] − (w + cI) Q} g (y) dy (10)

The same as Theorem 1, it can be obtained that for any given investment reserve of logistics
service L of agricultural logistics service provider, when (q, Q) satisfies Eq. (11), the expected income
of logistics service integrator is optimal.(

qD, QD
) =

(
F

−1
(

w + cI

p

)
, F

−1
(

w + cI

p

))
(11)

Eq. (11) shows that the logistics service provider’s investment reserve of any logistics service
capability is L without coordination. The logistics service integrator can maximize its expected revenue
by adopting the same procurement quantity qD of logistics service capability. By introducing Eq. (11)
into Eq. (10), the optimal expected revenue of the logistics service integrator at this time can be
obtained as follows:

πD∗
I

(
qD, QD

) = p
∫ qD

0

xf (x) dx (12)
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3.3 Optimal Investment and Production Decision of Agricultural Logistics Service Providers

After the agricultural logistics service integrator determines the optimal procurement strategy, the
expected revenue function of the agricultural logistics service provider can be expressed as follows:

πD
F

(
qD, QD, L

) =E
[
wD − s

(
qD − εL

)+]
− cFL

=wqD −
∫ qD/L

a

(
qD − yL

)
g (y) dy − cF L (13)

The revenue of function providers consists of three parts: the revenue of integrators purchasing
logistics service capability, the cost of dispatching logistics service capability from the spot market, and
the cost of investment reserve.

According to Eq. (13), the optimal investment reserve L of logistics service function providers on
logistics service capability under decentralized decision-making can be obtained, which satisfies the
following relationship:

s
∫ qD/LD

a

yg (y) dy − cF = 0 (14)

According to Eq. (14), qD/LD ≡ C, under decentralized decision-making, the ratio of the optimal
purchase quantity q of logistics service integrator on logistics service capability and the optimal
investment reserve L of logistics service function provider on logistics service capability is positive
constant. The constant depends on the stochastic output quantity of logistics service capability, the
investment reserve cost cF , and the price s of Logistics service capability of spot market dispatching
units from the spot market.

By introducing Eq. (14) into Eq. (13), it is obtained that the optimal expected revenue of logistics
service function providers under decentralized decision-making is:

πD∗
F

(
qD, QD, LD

) = [w − sG (C)] qD (15)

If the distribution function F (x) has a generalized increasing failure rate, the optimal wholesale
price per unit logistics service capability provided by the logistics service function provider to the
logistics service integrator can be obtained, that is:
dπD∗

F

dw
= F

−1
(

w + cI

p

)
− w − sG (C)

pf (qD)
(16)

4 Coordination Strategy of Logistics Service Supply Chain under Hybrid Coordination Contract
Strategy

The expected revenue of the agricultural logistics service supply chain is a function of the
purchase volume of integrators and the maximum investment reserve of the logistics service capacity
of agricultural logistics service function providers. General coordination contracts such as feedback
contracts and revenue sharing contracts often coordinate the revenue function containing only one
decision variable. Therefore, this paper adopts the mixed coordination contract strategy, combined
with the revenue sharing contract, designs the Order Penalty and Rebate Contract (OPR) of the
integrator to realize the coordination of the logistics service supply chain.

The Order Penalty and Rebate Contract (OPR) designed in this paper combines the revenue-
sharing coordination contract. Its basic ideas are as follows: firstly, it is assumed that the agricultural
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logistics service function provider gives the procurement volume target Q0(qC ≤ Q0 ≤ QC) of the
logistics service capability provided by the logistics service integrator. And then, two different strategies
for giving the integrator are determined according to the gap between the stochastic output εL and
Q0 of its logistics service capability. When the stochastic output εL of the logistics service capability
of the logistics service function provider is less than Q0, the logistics service function provider will
provide a specific penalty for the lack of logistics service capability to the logistics service integrator.
Then assume that the penalty for the lack of unit logistics service capability is δ1. When the actual
purchase quantity of the logistics service integrator about the logistics service capability is greater than
Q0, the logistics service function provider will give a certain rebate to the logistics service integrator
for the purchased quantity of the logistics service capability exceeding Q0. Then, we will assume
that the rebate of the unit logistics service capability is δ2. The logistics service provider will give the
integrator an appropriate wholesale price discount by combining the Penalty and Rebate Contract
with the revenue-sharing coordination contract. Moreover, the integrator is also willing to revenue
part of the sales revenue of logistics service capability to the function provider. Assume that the
logistics service integrator is willing to share the sales revenue of logistics service capability in the
proportion of φ(0 < φ < 1) to the logistics service function provider. The logistics service integrator
has the remaining sales revenue in the proportion of 1 − φ.

Under the joint coordination of Penalty and Rebate Contract and revenue sharing contract, the
expected revenue function of logistics service integrator is:

πOPR
I (q, Q, L) =

∫ q/L

a

{p (1 − φ) E [min (q, X)] − (w + cI) q + δ1 (Q0 − q)
+}

g (y) dy

+
∫ Q0/L

q/L

{p (1 − φ) E [min (yL, X)] − (w + cI) yL + δ1 (Q0 − yL)
+}

g (y) dy

+
∫ Q/L

Q0/L

{p (1 − φ) E [min (yL, X)] − (w + cI) yL + δ2 (yL − Q0)
+}

g (y) dy

+
∫ b

Q/L

{p (1 − φ) E [min (Q, X)] − (w + cI) Q + δ2 (Q − Q0)
+}

g (y) dy (17)

Theorem 3: Under the joint coordination of Penalty and Rebate Contract and revenue sharing
contract, the penalty coefficient δ1 and rebate coefficient δ2 of unit logistics service capability meet
Eqs. (18) and (19). The corresponding flexible ordering strategy

(
qC, QC

)
can optimize the revenue of

logistics service integrators to the maximum logistics service investment reserve L of any given logistics
service function provider.

δ1 = s (1 − φ) − cIφ − w (18)

δ2 = s (1 − φ) − δ1 (19)

Prove:

Order π2 (Z) = p (1 − φ) E [min (Z, X)] − (w + δ1 + cI) Z,

It is easy to conclude that when δ1 = s (1 − φ) − cIφ − w, π2 (Z) is an increasing function of Z in(
0, qC] and a decreasing function of Z in

(
qC, ∞)

. There are two cases to prove it:
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(1) If q < Q0, Then:

∂πOPR
I (q, Q, L)

∂q
=

∫ q/L

a

{
p (1 − φ) F (q) − (w + cI +δ1)} g (y) dy (20)

Therefore, when δ1 = s (1 − φ) − cIφ − w, the optimal purchase quantity of logistics service

integrator qOPR∗ = F
(

w+cI +δ1
p(1−φ)

)
≡ qC can be obtained, For any Q and L, there is πOPR

I

(
qC, Q, L

)
>

πOPR
I (q, Q, L); that is, the optimal order quantity of the logistics service integrator is qC, and the revenue

of the logistics service integrator obtains the optimal value.

(2) If q ≥ Q0, Then:

πOPR
I

(
qC, Q, L

) − πOPR
I (q, Q, L)

=K1 (q, Q, L) +
∫ q/L

Q0/L

[π2 (yL) − π2 (q)] g (y) dy (21)

where,
K1 (q, Q, L) = ∫ qC/L

a

[
π2

(
qC

) − π2 (q) − δ1 (q − Q0)
]

g (y) dy

+ ∫ Q0/L

qC/L
[π2 (yL) − π2 (q) − δ1 (q − Q0)] g (y) dy

.

Since
∫ q/L

Q0/L
[π2 (yL) − π2 (q)] g (y) dy > 0, then F (q) < F

(
qC

) = F
(

w+cI +δ1
p(1−φ)

)
,

Then dK1(q,Q,L)

dq
= − ∫ Q0/L

a

[
p (1 − φ) F (q) − w + cI + δ1

]
g (y) dy < 0

That is, K1 (q, Q, L) is the subtractive function of q, we can conclude that:

πOPR
I

(
qC, Q, L

) − πOPR
I (q, Q, L)

> K1 (Q0, Q, L)

=
∫ qC/L

a

[
π2

(
qC

) − π2 (q)
]

g (y) dy +
∫ Q0/L

qC/L

[π2 (yL) − π2 (q)] g (y) dy

> 0 (22)

Therefore, for any q ≥ Q0, there is πOPR
I

(
qC, Q, L

)
> πOPR

I (q, Q, L).

According to the analysis of (1) and (2), when δ1 = s (1 − φ) − cIφ − w, there is πOPR
I

(
qC, Q, L

)
>

πOPR
I (q, Q, L) for all 0 < q < Q.

Similarly, when δ2 = s (1 − φ) − δ1, there is πOPR
I

(
qC, QC, L

) ≥ πOPR
I

(
qC, Q, L

)
for all Q ≥ qC.

Thus, πOPR
I

(
qC, QC, L

) ≥ πOPR
I (q, Q, L). The proposition proved.

Theorem 3 shows that the logistics service integrator will adopt a flexible ordering strategy under
the joint coordination of Penalty and Rebate Contract and revenue sharing contract. When the penalty
coefficient δ1 and feedback coefficient δ2 of unit logistics service capacity meet Eqs. (2) and (3), the
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procurement volume of logistics service capacity is between qC and QC. At this time, the expected
revenue function of the corresponding logistics service provider is:

πOPR
F

(
qC, QC, L

) =
∫ qC/L

a

{
pφE

[
min

(
qC, X

)] + wqC − s
(
qC − yL

) − δ1

(
Q0 − qC

)}
g (y) dy

+
∫ Q0/L

qC/L

{pφE [min (yL, X)] + w yL − δ1 (Q0 − yL)} g (y) dy

+
∫ QC/L

Q0/L

{pφE [min (yL, X)] + w yL − δ2 (yL − Q0)} g (y) dy

+
∫ b

QC/L

{
pφE

[
min

(
QC, X

)] + w QC − δ2

(
QC − Q0

)+}
g (y) dy − cF L (23)

From the expected revenue function of logistics service providers, we can obtain the following
proposition:

Theorem 4: When the target purchase quantity Q0 of the logistics service integrator set by the
logistics service function provider satisfies the relationship (24), the revenue function of the logistics
service function provider is the concave function of its maximum investment reserve L. There is a
unique L = LC so that the revenue of the logistics service function provider can obtain the maximum
value:

s
∫ Q0/LC

a

g (y) dy = cF (24)

Prove: Omitted.

According to Theorem 4, when the logistics service supply chain realizes coordination, the target
purchase quantity Q0 set by the logistics service function provider is a function of its investment reserve
L. Therefore, from Theorem 1 and Theorem 2, the following conclusions can be drawn:

Theorem 5: When the penalty coefficient δ1 for the lack of unit logistics service capability and the
feedback coefficient δ2 for unit logistics service capability satisfy Eqs. (21) and (22). The logistics service
function provider’s target purchase quantity Q0 of the logistics service integrator satisfies Eq. (24). The
logistics service integrator adopts the flexible ordering strategy. The logistics service supply chain can
achieve coordination under the combined action of the penalty and feedback contract and the revenue
sharing contract.

According to Theorem 5, when the revenue sharing coordination contract is introduced into
the punishment and feedback contract, the logistics service supply chain can coordinate under
decentralized decision-making. At this time, the revenue functions of logistics service integrators and
logistics service function providers are:

πOPR
I = (1 − φ) πC∗

L + V (Q0) (25)

πOPR
F = φπC∗

L − V (Q0) (26)

where, V (Q0) = Q0

[
s (1 − φ) G

( Q0
LC

) − φcI − w
]

Theorem 6: Under the joint coordination of punishment and feedback contract and revenue
sharing contract, when the penalty coefficient δ1 and feedback coefficient δ2 of unit logistics service
capability satisfy Eqs. (21) and (22). The target purchase quantity Q0 of logistics service integrator set
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by logistics service function provider satisfies Eq. (24). The wholesale price per unit logistics service
capacity given by the logistics service function provider to the integrator satisfies Eq. (27), and the
logistics service function provider and the integrator can realize any distribution of the revenue of the
logistics service supply chain by adjusting the revenue sharing coefficient φ:

wOPR = s (1 − φ) G
(

Q0

LC

)
− φcI (27)

Prove: Omitted.

From Eq. (27), we can see that under the joint coordination of punishment and feedback contract
and revenue sharing contract, the coordinated wholesale price wOPR of the logistics service supply
chain is lower than the wholesale price w under decentralized decision-making. It may even be a
negative value. However, under the coordination contract, logistics service integrators and function
providers adjust revenue sharing share φ by implementing the revenue-sharing contract. It can realize
that their respective benefits are greater than those under decentralized decision-making. Logistics
service function providers can still obtain benefits higher than those under decentralized decision-
making. Order:

� = πC∗
L − (

πD∗
F + πD∗

I

)
(28)

φ = πD∗
F + α�

πC∗
L

(0 < α < 1) (29)

Then,

πOPR
F = πD∗

F + α� (30)

πOPR
I = πD∗

I + (1 − α) � (31)

According to Eqs. (30) and (31), under the joint coordination of punishment and feedback con-
tract and revenue sharing contract, logistics service function providers and logistics service integrators
can obtain additional revenue compared with decentralized decision-making. Introducing revenue-
sharing contracts into punishment and feedback contracts can realize the coordination of the logistics
service supply chain to realize the win-win situation between logistics service function providers and
logistics service integrators.

When the logistics service supply chain realizes coordination, it can be obtained from Eqs. (21),
(22), (24) and (27): δ1 = s (1 − φ)

(
1 − G

( Q0
LC

))
< s − w, δ2 = ws (1 − φ) G

( Q0
LC

)
> w − s. Therefore,

for logistics service function providers, when the stochastic output εL of logistics service capability
is greater than the minimum procurement volume of logistics service capability of logistics service
integrators. Regardless of whether its stochastic output εL is greater than or less than its set target
procurement volume Q0 of logistics service capability, logistics service function providers will not
schedule logistics service capability from the spot market. A flexible ordering strategy helps to reduce
the uncertainty of the logistics service supply chain. It makes logistics service integrators bear more
uncertainty under flexible ordering strategy, encouraging them to purchase flexibly between qC and QC.
The logistics service function provider will also compensate the logistics service integrator by adjusting
the penalty coefficient δ1 for the lack of unit logistics service capability and the feedback coefficient δ2

for unit logistics service capability.
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5 Simulation Analysis

In order to further study the coordination of agricultural logistics service supply chain under
uncertain conditions, and verify that the flexible ordering strategy proposed in this paper can
significantly improve the expected revenue of logistics service supply chain than the constant ordering
strategy, and the impact of stochastic demand and stochastic output on the revenue of agricultural
logistics service supply chain. Next, an example is used to verify the above solution results. The
parameter values refer to the research of literature [24] and are compared with the research results
under a fixed ordering strategy.

Under the assumption of uncertainty, the stochastic output of the logistics service capability of
agricultural logistics service providers follows a uniform distribution, and the customer logistics service
demand follows a normal distribution. The values of relevant parameters are as follows: p = 15,
s = 10, cF = 4, cI = 2, μ1 = 0.65, σ1 = 0.15, μ2 = 1200, σ2 = 500.

After calculation, the corresponding data results are obtained. These results are then substituted
into MATLAB software to obtain the final simulation diagram [25]. Thereinto, Figs. 3 and 4 show the
expected revenue of the logistics service supply chain under the stochastic output of agricultural logis-
tics service providers and the stochastic demand of customer logistics service capability. The revenue-

sharing distribution coefficient of function providers and integrators is φ =
πD∗

F + �

2
πC∗

L

. It can be seen

from the figure that under random output and stochastic demand, with the increase of uncertainty of
agricultural logistics service capacity output and demand, the income of agricultural logistics service
supply chain under centralized decision-making shows a downward trend. Compared with the fixed
ordering strategy, the revenue of the logistics service supply chain under the flexible ordering strategy
is greater than that under the fixed ordering strategy. That shows that the flexible ordering strategy
proposed in this paper under the joint coordination of punishment and feedback contract and revenue
sharing contract improves the overall revenue and efficiency of the agricultural logistics service supply
chain. In addition, under the joint coordination of punishment and feedback contract and revenue
sharing contract, it can be found from Figs. 3 and 4 that the revenue of agricultural logistics service
function providers and integrators is greater than that under decentralized decision-making. That
shows that both can benefit under the coordination contract. With the combined effect of punishment
and feedback contract and revenue sharing contract, we can realize the win-win of logistics service
supply chain under flexible ordering strategy.

Figure 3: Impact of output uncertainty on logistics service supply chain
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Figure 4: Impact of demand uncertainty on logistics service supply chain

For example, it can be seen from the Tab. 2, when σ1 = 0.12, under the joint coordination of
punishment, feedback, and revenue sharing contract, the revenue of logistics service function provider
is πOPR∗

F = 3551.8, and the revenue of logistics service integrator is πOPR∗
I = 1575.9. Under the

decentralized decision, the revenue of agricultural logistics service function provider is πD∗
F = 2749.5,

and the revenue of agricultural logistics service integrator is πD∗
I = 831.0. Under the coordination

contract, the revenue of agricultural logistics service providers and agricultural integrators increased
by 29.2% and 89.6% respectively; Similarly, Tabs. 3 and 4 also show the corresponding results.

Table 2: Impact of output uncertainty on LSSC

σ 1 LSI revenue
under
decentralized
decision

OPR
coordination
contract LSI
revenue

FLSP
revenue
under
decentralized
decision

OPR
coordination
contract
FLSP
revenue

LSSC
revenue
under fixed
order
strategy

LSSC
revenue
under
flexible
ordering
strategy

0.06 894.5 1620.6 2945.6 3681.8 4801.6 5412.3
0.08 873.4 1605.7 2880.3 3638.5 4703.2 5342.4
0.1 852.2 1590.8 2814.9 3595.1 4604.8 5272.4
0.12 831.0 1575.9 2749.5 3551.8 4506.4 5202.5
0.14 809.8 1561.0 2684.1 3508.4 4408.0 5132.5
0.16 788.6 1546.1 2618.7 3465.0 4309.6 5062.5
0.18 767.4 1531.2 2553.3 3421.7 4211.2 4992.6
0.2 746.2 1516.3 2487.9 3378.3 4112.8 4922.6

By comparing with the research results of literature [17] under fixed order strategy, Figs. 5 and
6 show the growth of LSSC revenue under flexible ordering strategy compared with that under fixed

ordering strategy, and the revenue growth rate is ρ =
(

πC∗
L

π ∗
T

− 1
)

× 100%.
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Table 3: Impact of demand uncertainty on LSSC

σ 2 LSI revenue
under
decentralized
decision

OPR
coordination
contract LSI
revenue

FLSP
revenue
under
decentralized
decision

OPR
coordination
contract
FLSP
revenue

LSSC
revenue
under fixed
order
strategy

LSSC
revenue
under
flexible
ordering
strategy

250 536.1 1223.4 4115.9 4946.2 5823.1 6099.2
300 591.1 1318.4 3835.9 4681.2 5548.1 5931.2
350 646.1 1413.4 3555.9 4416.2 5273.1 5763.2
400 701.1 1508.4 3275.9 4151.2 4998.1 5595.2
450 756.1 1603.4 2995.9 3886.2 4723.1 5427.2
500 811.1 1698.4 2715.9 3621.2 4448.1 5259.2
550 866.1 1793.4 2435.9 3356.2 4173.1 5091.2
600 921.1 1888.4 2155.9 3091.2 3898.1 4923.2

Table 4: Effects of stochastic output and demand on LSSC revenue growth under flexible ordering
strategy

σ 1 σ 2 LSSC revenue growth rate under
stochastic output

LSSC revenue growth rate under
stochastic demand

0.06 250 12.7 4.7
0.08 300 13.6 6.9
0.1 350 14.5 9.3
0.12 400 15.4 11.9
0.14 450 16.4 14.9
0.16 500 17.5 18.2
0.18 550 18.6 22.0
0.2 600 19.7 26.3

As can be seen from Figs. 5 and 6, the overall revenue of LSSC gradually decreases with the
increase of logistics service capacity output and demand uncertainty. Its revenue growth rate gradually
increases with output uncertainty and demand uncertainty. However, the LSSC revenue growth rate
with demand uncertainty is significantly greater than that with output uncertainty. The above results
show that adopting a flexible ordering strategy can reduce the uncertainty of LSSC and improve the
expected revenue of LSSC.

All these results show that: Firstly, under the condition that output and demand are uncertain,
the revenue of logistics service supply chain and logistics service function provider decreases with the
increase of uncertainty of logistics service capacity output and demand, the income of logistics service
integrators shows a steady change trend with the increase of output and demand uncertainty, and the
growth rate of logistics service supply chain income gradually increases with the increase of output
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uncertainty and demand uncertainty. Secondly, the penalty-reward joint coordination contract based
on the revenue sharing contract can realize the coordination of the logistics service supply chain,
and the logistics service function provider and integrator can realize the reasonable distribution of
the logistics service supply chain income by adjusting the revenue sharing coefficient, reflecting the
flexibility of the logistics service supply chain. Finally, it is found that the proposed flexible ordering
strategy can not only reduce the uncertainty of the logistics service supply chain, but also significantly
improve the overall revenue level of the logistics service supply chain through the coordination
contract.

Figure 5: Impact of output uncertainty of flexible ordering strategy on LSSC revenue growth

Figure 6: Impact of demand uncertainty of flexible ordering strategy on LSSC revenue growth

6 Conclusion

For the decision-making process in the construction of agricultural logistics information system,
this paper focuses on the production and procurement management of the logistics service supply
chain composed of an agricultural logistics service function provider and agricultural logistics service
integrator. The research process assumes that there is both output uncertainty of agricultural logistics
service capability and demand uncertainty of agricultural logistics service capability. We propose a
flexible ordering strategy because of this uncertainty. The agricultural logistics service integrator and
the agricultural logistics service function provider sign a contract on the purchased quantity of the
logistics service capability to determine the maximum purchase quantity and the minimum purchase
quantity of the agricultural logistics service capability [26]. A joint coordination strategy based on
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revenue sharing contract and penalty feedback contract is proposed for the decentralized decision-
making situation.

This paper focuses on the agricultural logistics service supply chain composed of an agricultural
logistics service provider and an agricultural logistics service integrator, analyzes the situation that
the output and demand of agricultural logistics services are uncertain at the same time, and does not
study the complex agricultural logistics supply chain composed of multiple logistics service providers
or multiple logistics service integrations, as well as the situation that the output and demand of
agricultural logistics services are single and random. On the basis of this study, we will further explore
the supply chain of complex agricultural logistics services, logistics service capacity output stochastic
or demand stochastic.
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