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Abstract: Revenue distribution is an important issue in the operations of a logistics service supply
chain (LSSC). The existing works on revenue distribution are mostly based on the assumption of
rational economic people that are purely self-interested. However, people also have a fairness
preference, which impacts people’s decision-making behavior or even the success operations of
the LSSC. For a two-level supply chain consisting of logistics service integrator (LSI) and several
functional logistics service providers (FLSP), this paper establishes an improved revenue distribution
model considering FLSPs’ inequity aversion. Specifically, the BO model (abbreviation of a model
proposed by Bolton and Ockenfels in 2000) is improved to describe the FLSPs’ inequity aversion,
which is combined into the conventional revenue distribution model. The proposed model aims to
maximize the revenue of logistics service supply chain and obtains the best revenue distribution ratio
of each member under equilibrium. In the numerical cases, the impacts of inequity aversion and the
number of members with inequity aversion on the revenue distribution are discussed, respectively.
The results show that a higher degree of FLSP’s advantageous inequity aversion corresponds to
a lower revenue distribution ratio; a higher degree of FLSP’s disadvantageous inequity aversion
corresponds to a higher revenue distribution ratio. Increasing the number of FLSP members with
inequity aversion results in a higher profit of LSI and lower total utility of FLSPs and the utility of the
supply chain. The more FLSP members with inequity aversion there are, the higher the LSI’s profit is,
and the lower the total utility of FLSPs and the utility of supply chain are. In addition, the revenue
distribution ratio of the FLSP increases with its relative fairness revenue coefficient among FLSPs.

Keywords: fairness preference; revenue distribution model; logistics service supply chain; behav-
ioral operation

1. Introduction

With the diversification and dynamic demand of logistics services, the company’s
own logistics department or the simple cooperation with logistics companies cannot meet
the needs of some customers, while enterprises are faced with the provision of high-quality
services and low service costs. Under this pressure, the original logistics service outsourcing
model of the enterprise gradually changed to the general contracting mode of logistics
service, and the logistics service supply chain (LSSC) led by the logistics service integrator
(LSI) appeared, which can provide customers with integrated logistics services [1,2].

The LSSC is usually composed of one LSI and a number of functional logistics service
providers (FLSPs). The LSI integrates customer needs and contracts these projects to
FLSPs [3]. Before the logistics project is in operation, each member will reach a joint
recognition plan for the revenue distribution problem. After the project is completed,
the proceeds will be distributed according to the signed agreement. The key factor in the
formation of the LSSC is that each member pursues the maximization of their own profits in
the process of cooperation. Therefore, fair and reasonable revenue distribution is not only
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the guarantee for the successful operation of the LSSC, but also the member collaboration
efficiency, creativity and the enthusiasm of production and operation activities [4]. Revenue
distribution refers to the share of each member’s share of total revenue or total profit. In
general, there are three common modes of revenue distribution: output sharing mode,
fixed payment mode and mixed mode [5]. In the actual operation process, the mixed
mode is more common. The research in this paper is aimed at a mixed mode with general
meaning. The first two modes can actually be regarded as special cases of mixed mode.

The exit research on revenue distribution is mostly based on the assumption of rational
economic people, which is where the behavior is purely self-interested. However, in recent
years, researchers have found that people have a fairness preference in addition to their self-
interested preferences, and they also pay attention to fairness preferences while pursuing
personal interests [6,7]. Fairness preferences or inequality aversions impacts people’s
decision-making behavior. In an LSSC, there are multiple FLSPs, and they are no longer
completely unrelated individuals, but have mutual influence. Therefore, considering the
members’ fair preference behavior in the revenue distribution model of the LSSC is very
necessary [8]. Since multiple FLSPs cooperate with same LSI, these peers will compare
their profits. When FLSP finds that its revenue is lower than the average level, he will
generate disgust and choose negative completion, which is not conducive to supply chain
efficiency [9–12]. Researchers define this behavior as peer-induced fairness concern, a
common phenomenon in business [11,12]. In addition, the studies found that members
pay attention to the comparison between their own earnings and the average revenue of
the group in the game experiment. In the actual situation of the LSSC, not only does the
revenue comparison between LSI and FLSP exist, but the peer comparison between FLSPs
is more intense [13]. Peer-to-peer logistics companies vary in size and business focus, but
the information on the average revenue of the industry can be learned. In the process of
cooperation, FLSP compares its own revenue with the average industry revenue, and the
comparison results affects FLSPs’ decision.

This paper mainly answers the following questions: (1) What is the impact of FLSP’s
fairness preference behavior on the LSSC revenue distribution plan? (2) What is the impact
of LSI’s profit and supply chain utility on the total utility of FLSP? (3) What is the impact
of the number of members with fairness preference on the revenue distribution plan and
the decisions of each member, respectively?

In this paper, an improved revenue distribution decision model is established, which
aims to maximize the utility of the entire supply chain based on maximizing the LSI’s
profit and the FLSPs’ total utility, respectively. The BO model is an abbreviation of the
model proposed by Bolton and Ockenfels [14] in 2000 to quantitatively describe the equity
or fairness preference relationship between people or organizations. Then, the model is
solved, and a series of numerical analysis are given. During the experiment, the defects of
the existing BO model is shown, the BO model is improved and the influence of FLSP’s
behavior parameters on the revenue distribution is discussed.

This paper makes contributions in three aspects. Firstly, the fairness preference is
introduced into the revenue distribution of LSSC, and the influence of fairness preference
behavior on revenue distribution is discussed. Secondly, a two-player game is extended
into a multi-player game and the comparison object is changed from the overall score to
average level based on the BO model. The relative fairness revenue coefficient is added,
which improves the existing BO model. Finally, some important conclusions are obtained.

The rest of the paper is organized as follows: Section 2 is a literature review of revenue
distribution and fairness preferences. Section 3 is the problem description and assumptions.
Section 4 considers the fairness preference of FLSP and establishes a revenue distribution
model for the two-layer LSSC. Numerical analysis is carried out to analyze the impact
of the fairness preference’s degree on the results of revenue distribution. The improved
BO model and numerical analysis are given in Section 5. The main conclusion and future
research are given in Section 6.
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2. Literature Review

The literature review mainly involves fairness preference theory, fairness preference
function and supply chain revenue distribution. The research objectives of this paper will
be presented after summarizing the literature and its deficiency.

2.1. Fairness Preference

The traditional economic theory assumes that the subject of behavior is purely self-
interested, only pursues the maximization of personal interests and pays no attention to
whether the behavioral motive or the distribution of revenue is fair. Samuelson (1993) [15]
and Sen (1995) [16] first studied the behavioral characteristics of individuals. They pointed
out that in reality individuals are not completely self-interested, but they are concerned
about the interests of other related individuals. Additionally, many researchers have
carried out further experiments, such as ultimatum, trust game, gift exchange, etc. The
experimental results prove the conclusion that the individual is not completely rational and
had limited self-interest [17–19]. This kind of behavior is manifested in that one individual
will produce defamation behavior, when other individuals have higher interests; it will
produce guilty behavior when other individuals have lower interests. Fairness preferences
and self-interest preferences can affect people’s decision-making behavior. However, in
some cases, the effects are contradictory. For example, people may sacrifice some of their
revenue to pursue fairness of revenue. Therefore, people’s behavioral decisions are not
only affected by profits, but also by social factors [20,21].

In order to quantify the impact of fairness preferences on people’s behavioral decisions,
many economists have given theoretical models describing fairness preferences from
different perspectives. Some scholars studied fairness preference from the perspective of
reciprocity based on psychological game theory. Rabin (1993) [22] constructed an economic
model that considers behavioral motivation and defined a kindness function. Dufwenberg
and Kirchsteiger (2004) [23] extended Rabin’s model to a multiplayer game and proposed
a new solution concept—sequential reciprocal equilibrium. More scholars studied inequity
aversion of actors from the perspective of revenue distribution. Representative models are
the FS model proposed by Fehr and Schmidt [24] and the BO model proposed by Bolton
and Ockenfels [14]. FS model is an is an abbreviation of the model proposed by Fehr
and Schmidt in 1999, the model quantitatively defines fairness as self-centered inequity
aversion. They think that people will compare their own revenue with others in order to
judge whether the distribution of revenue is fair and propose a function of advantageous
inequity and disadvantageous inequity. The BO model believes that players not only pay
attention to their absolute revenues, but also pay attention to other individuals’ welfare
and the preference of fair distribution and motivation among members of society, paying
attention to their share in the whole. The BO model emphasizes that participants compare
their revenue with the average revenue of the group in the case of incomplete information,
so the distribution of shares rather than the absolute difference is introduced into the
utility function.

The application of fairness preference theory on the supply chain is also very rich.
Loch et al. [25] demonstrated that social preferences that emerged in other contexts (e.g.,
experimental economics, anthropology, psychology) also affect the supply chain and are
critical to performance. Pavlov et al. [26] found that the fairness preference and bounded
rationality of supply chain subjects reduce the efficiency of supply chain, but information
asymmetry will hinder the coordination of supply chain. Then, they used experimental
methods to study and test the coordination and incentive efficiency of the supply chain
after introducing fairness preference. The incomplete information about the degree of
retailer’s inequality aversion is the most convincing to the supplier’s behavior [27]. On
the basis of these, Qin et al. [28] further explained that people usually prefer simpler and
theoretically superior contracts in practice, they conducted human–machine experiments
and human–human experiments, and separated the impact of fair focusing on supply chain
decisions from other effects such as bounded rationality. The experimental results show
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that disclosure of private cost information can stimulate cooperation between suppliers
and retailers, However, not disclosing cost information to retailers will change pricing
decisions and channel profit distribution will be more favorable to suppliers.

Later, many researchers have introduced fairness preference into the distribution
problem of supply chain. Cui [29], one of the earliest researchers, studied the remuneration
fairness between manufacturers and retailers in the supply chain. It was found that
manufacturers can maximize channel profit and channel utility through a simple wholesale
price higher than marginal cost. On the basis of Cui’s research, Caliskandemirag et al. [30]
took into account the non-linear market demand, and members’ fairness concern regarding
the wholesale price cooperation between manufacturers and retailers in the supply chain.
It was found that the exponential demand function requires simpler conditions to achieve
cooperation only when the retailer has fairness concerns. Recently, some researchers have
extended Cui’s model to include incomplete information [31]. Some researchers have
extended it to the field of multiplayer games. For example, Ho et al. [32] constructed a
supply chain model consisting of one supplier and two independent and homogeneous
retailers, which extends fairness preference to the supply chain of multiplayer games.
The experiment verifies the influence of distributive equity preference and peer focus
equity preference on the channel member pricing strategy and proves that peer focus
equity preference is stronger than distributive equity preference. Nie et al. [33] studied
the quantity discount contract in the same structure supply chain. They found that some
conclusions arising from wholesale price contracts cannot be applied to volume discount
contracts. Liu et al. [34] introduced two fairness preferences into the order allocation
problem of logistics service supply chain on the basis of the former two and found that the
optimal utility of LSI increased with the second FLSP’s peer-induced fairness preference
and decreased with the distribution fairness preference of the first FLSP.

2.2. Supply Chain Revenue Distribution

There are many studies on supply chain revenue distribution. Most researchers studied
the revenue sharing contract of a single manufacturer-retail supply chain [35–37]. Chauhan
and Proth [38] proposed a supplier–retailer collaboration model based on profit shar-
ing, which is based on the assumption that customer demand depends on retail price,
maximizing overall profit and distributing profit proportional to its risk among part-
ners. Zhang et al. [39] studied a one-manufacturer–two-retailers supply chain using a
revenue-sharing contract in the case of demand disruption, which should adjust the origi-
nal revenue-sharing contract according to the different conditions of demand interruption.
There are many ways to allocate revenue in the supply chain. Pan et al. [40] discussed
and compared the results of two cases that the manufacturer chooses the wholesale price
contract and the revenue sharing contract with the retailer under the different channel
power structures. Under certain conditions, it is more advantageous for the dominant party
to use the revenue sharing contract. Li [41] found that the entire supply chain cannot be
coordinated using fixed wholesale price contracts when retailers provide value-added ser-
vices and have fair preference in a two-channel supply chain. Karakostas [42] conducted a
simple commission-agent experiment in which the principal could choose between revenue
sharing, bonuses and trust contracts. The results show that the revenue sharing contract is
more effective and fairer.

For the specific logistics service supply chain, revenue distribution research is also a
hot topic, especially with the development of logistics dynamic alliance, third-party logistics
and shared logistics concepts, whether between alliance members, third-party logistics and
participants in sharing logistics are also the research areas of the LSSC. Song and Zhang [43]
aimed at the problem of revenue distribution between customers and third-party logistics
providers, using closed-loop supply chain coordination management methods, designing
profit-sharing contracts to coordinate the supply chain, so that both parties can do their
utmost to maximize the overall profit and share profits together. Liu [44] studied the
fairest revenue sharing coefficient when LSI and FLSPs applied fair entropy functions
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under stochastic demand conditions to realize revenue sharing contracts. Some researchers
have studied the profit distribution problem in logistics joint distribution network based
on cooperative game theory and improved Shapley value model [45]. Han [46] used the
modified Shapely value to study the profit distribution problem of e-commerce logistics
enterprise alliance under the condition of storage overload. Gan et al. [47] proposed an
intensive distribution logistics network considering the sharing economy, analyzed the
profit distribution mechanism of participants in the distribution network and proposed an
improved interval Shapley value method considering satisfaction and contribution.

In recent years, many researchers have introduced fairness preferences into the LSSC.
Wang et al. [48] introduced fairness preferences into the coordination of logistics service
supply chain channels, and proposed that when LSI is disadvantageous inequity, channel
coordination cannot be achieved. The study is about LSSC consisting of an LSI and an
FLSP. Liu et al. [49] studied a two-stage supply chain consisting of an LSI and multiple
FLSPs and established an order allocation model considering both the demand update and
the fair preference caused by peer attention between FLSPs.

2.3. Summary of Literature Review

It can be seen from the above literature that the research on fairness preference behav-
ior and its utility function, supply chain pricing considering member fairness preference
and broader supply chain coordination, including supply chain revenue distribution, are
relatively rich, as shown in Table 1. In the traditional supply chain, scholars mostly consider
the impact of fairness on contracts design and fewer members. In the LSSC, Wang et al. [48]
(2016) considered the distribution fairness preference of FLSP, and the comparison object is
LSI, which studies the revenue distribution problem of the LSSC consisting of one LSI and
one FLSP. However, the cooperation between an LSI and multiple FLSPs is studied, which
is more complicated than the situation. Liu et al. [49] (2017) studied the order allocation
problem in LSSC. The FLSP directly compares the order quantity. The research problem in
this paper is a revenue distribution problem, and the FLSP is compared with the average
revenue of the whole FLSPs. In the past, the FS model was used in much of the literature to
describe the fairness preference utility function. The BO model is used in this paper, which
is more suitable for the research background of this paper. The fairness preference of FLSP
is considered and the BO model is applied to construct the utility function of the LSP. Then,
the BO model was improved to establish a more suitable revenue distribution model. The
influence of the FLSP’s fairness preference and the number of FLSP members with inequity
aversion on the revenue distribution is discussed, respectively.

Table 1. Differences between this article and related works.

Paper Research
Problem

Supply Chain
Structure

Fairness
Preference Type

Fairness
Preference
Member

Utility
Function

Model

Traditional
supply chain

Cui et al. 2007 wholesale price
contracts

one supplier and one
retailer distributional both FS

Ho et al.
2014

wholesale price
contracts

one supplier and two
retailers

distributional and
peer-induced retailers FS

Nie et al. 2017 quantity discount
contracts

one supplier and two
retailers

distributional and
peer-induced retailers FS

LSSC

Kouhpaenejad et al.
2013

revenue
distribution one LSI and one FLSP none none none

Wang et al. 2016 revenue
distribution one LSI and one FLSP distributional FLSP FS

Liu et al. 2017 order allocation one LSI and n FLSPs peer-induced FLSPs FS
This paper revenue

distribution one LSI and n FLSPs peer-induced FLSPs BO
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3. Problem Description and Assumptions

This section shows the problem description and assumptions. In Section 3.1, the issue
of revenue distribution and the decision-making process are described. In Section 3.2, the
main assumptions in the model are listed.

3.1. Problem Description

The LSSC consists of a system consisting of one LSI and n FLSPs. LSI integrates its
own and FLSPs logistics capabilities to meet the complex needs of customers. The logistics
service capability provided to customers is partly from the LSI itself, and the rest comes
from FLSPs. First, LSI signed a contract with the customer to integrate the customer’s
needs; LSI and FLSPs agreed to complete the project’s revenue distribution ratio and sign
the contract. Then, LSI assigns the project to the FLSP, and in the process, both parties
input their own production factors—the effort level. Finally, the project is completed and
each member shares revenue according to the contract. This article uses a hybrid payment
model. The game time series for completing the entire project is shown in Figure 1.

Figure 1. Game timeline.

3.2. Assumption

Hypothesis (H1): Customers, LSI and FLSPs are risk-neutral, and their monetary revenues are
equivalent to utility.

Hypothesis (H2): In the process of implementing the project, LSI and FLSPs input the unobserv-
able level of effort, which is private information, but can be verified by value added.

Hypothesis (H3): LSI is dominant in the process of revenue distribution, and LSI is also fair-neutral.

Hypothesis (H4): The ratio of revenue distribution is agreed between LSI and each FLSP, respec-
tively, and different FLSPs are independent of each other.

4. Modeling
4.1. Symbol Definition

Symbol Definition

P The total contract price
P1 Fixed contract price
ϕ Optimization coefficient, 0 ≤ ϕ ≤ 1
ε0 LSI’s efficiency coefficient, 0 ≤ ε0 ≤ 1
εi FLSP’s efficiency coefficient, 0 ≤ εi ≤ 1, i = 1, 2 · · · , n
e0 LSI’s effort level, 0 ≤ e0 ≤ 1
ei FLSP I’s effort level, 0 ≤ ei ≤ 1, i = 1, 2 · · · , n
Ri The fee that LSI paid to the FLSP i
P2i Fixed contract price for LSI and FLSP i
λi FLSP i’s revenue distribution ratio, 0 ≤ λi ≤ 1
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Symbol Definition

C0 Total fixed cost
C00 Fixed cost of LSI
C0i Fixed cost of FLSP i
C1 Variable costs
C10 LSI’s effort cost, C10 = 1

2 ϕP1ρ0e0
2

C1i FLSP i’s effort cost, C1i = 1
2 ϕP1ρiei

2

ρi Effort cost coefficient, ρi > 0, i = 0, 1, · · ·, n
wi bottom-line revenue that FLSP i can accept

4.2. Modeling

The establishment of the mathematical model for revenue distribution is divided into
three steps. First, without considering the inequity aversion of FLSP, the total revenue of
LSI, FLSP i, overall FLSP and supply chain is obtained. The fair-neutral revenue distribution
model is the base of the improved revenue distribution model, and the experimental results
of the fair-neutral revenue distribution model will be used to compare with the proposed
improved revenue distribution model. Then, considering the inequity aversion of FLSP i,
the BO model [14] is applied to describe the fairness preference of FLSP i. Finally, on the
basis of the previous, an improved model of revenue distribution is established, which
aims to maximize the utility of the supply chain. The detail of modeling is shown in the
following parts.

(1) Fair-neutral revenue distribution model

LSI signs a contract with the customers

P = P1 + ϕP1

(
ε0e0 +

n

∑
i = 1

εiei

)
(1)

LSI signs a contract with each FLSP i

Ri = P2i + λi ϕP1(ε0e0 + εiei) (2)

Total cost

C = C0 + C1 =

(
C00 +

n

∑
i = 1

C0i

)
+

(
C10 +

n

∑
i = 1

C1i

)
(3)

According to the above formulas, the revenue function of the supply chain, the LSI,
FLSP i, and the overall FLSPs can be obtained.

The revenue of the supply chain

Π = π1 +
n

∑
i = 1

π2i = P− C (4)

LSI’s revenue

π1 = P1 −
n

∑
i = 1

P2i +
n

∑
i = 1

(1− λi)ϕP1(ε0e0 + εiei)− C00 − C10 (5)

FLSP i’s revenue

π2i = P2i + λi ϕP1(ε0e0 + εiei)− C0i − C1i (6)

The FLSPs’ total revenue

π2 =
n

∑
i = 1

π2i (7)

(2) Inequity aversion revenue distribution model
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When LSI is fair-neutral, FLSP i has inequity aversion, assume that the average revenue
of the overall FLSPs is known for the FLSP i. Applying the BO model [14], and the utility
of FLSP i is

vi = aiπ2i − bi

(
π2i −

π2

n

)
(8)

In Equation (8), ai and bi indicate the degree of FLSP i’s attention to self-revenue and
revenue distribution fairness, respectively, where 0 < ai, 0 ≤ bi ≤ 1.

ai/bi indicates the degree of inequity aversion of FLSP i. Considering that most people
pay more attention to their self-revenue than to revenue distribution fairness, this paper
assumes ai > bi, ai/bi ∈ (1,+∞). The smaller ai/bi is, the stronger the inequity aversion of
FLSP i. The larger ai/bi is, the more self-interesting FLSP i is, and the weaker the inequity
aversion is. When ai = 1 and bi = 0, it means that FLSP i is fair-neutral.

The utility of the supply chain is

U = π1 + V = π1 +
n

∑
i = 1

vi (9)

(3) Revenue distribution model with constraints

maxU (10)

s.t.
λi ∈ argmaxvi (11)

1−
n

∑
i = 1

λi ∈ argmaxπ1 (12)

vi ≥ wi, i = 1, 2 · · · , n (13)

0 ≤ ei ≤ 1, i = 0, 1, · · · , n (14)

0 ≤ λi ≤ 1, i = 1, 2, · · · , n (15)

0 ≤ εi ≤ 1, i = 0, 1, · · · , n (16)

Equation (10) indicates that the goal is to maximize the utility of supply chain;
Equations (11) and (12) indicate that the revenue distribution scheme can maximize the
revenue of each member. Equation (13) indicates that the utility of FLSP i cannot be lower
than its bottom-line revenue; Equations (14)–(16) represent the value range of the effort
level, the revenue distribution coefficient and the efficiency coefficient, respectively.

4.3. Numerical Analysis

This section verifies the validity of the proposed model by numerical analysis, and
analyzes the impact of fairness preferences on LSI, FLSP and supply chain utility. The
numerical analysis is programed and simulated using Matlab R2017a software.

4.3.1. Initial Data

An LSI collaborates with three FLSPs to complete a logistics project. For the conve-
nience of calculation, it is assumed that the efficiency coefficient of all enterprises is 1,
εi = 1, i = 1, 2 · · · , n; fixed contract price P1 = 400, P2i = (90, 91, 92), i = 1, 2, 3,
optimization coefficient ϕ = 0.5, fixed cost C0i = (40, 50, 51, 52), i = 0, 1, 2, 3, ef-
fort cost coefficient ρi = (0.3, 0.4, 0.41, 0.42), i = 0, 1, 2, 3 and bottom line revenue
wi = (50, 60, 70), i = 1, 2, 3. The parameter settings in this paper refer to the previous
literature [50] and have been modified appropriately.

4.3.2. The Influence of Fairness Preference on Revenue Distribution

The experiments are conducted to study the impact of the degree of FLSPs’ inequity
aversion and the number of FLSPs with inequity aversion on the distribution scheme. The
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experiment is divided into two categories: (1) members are fair-neutral among FLSPs;
(2) members are extremely inequity aversion among FLSPs. In order to study the impact
of the number of FLSPs with inequity aversion on the distribution scheme, four cases
are considered in the two types of experiments, namely, fair-neutral FLSPs accounted for
the majority and minority, and FLSPs with extreme inequity aversion were majority and
minority. By setting the inequity aversion parameters of FLSP i, the effects caused by the
different degrees of FLSP i’s inequity aversion on the distribution scheme are studied. Since
the basic conditions of the three FLSPs are similar, in order to facilitate understanding, this
paper chooses to change the inequity aversion parameters of FLSP1 and FLSP2, which does
not affect the final conclusion.

As can be seen from Section 4.2, The parameters value (ai = 1, bi = 0) indicates that
FLSP i is fair-neutral. In order to compare with this, this paper sets ai = 1(i = 1, 2, 3) in
the three FLSPs inequity aversion parameters and changes bi which means the different
degrees of FLSP i’ inequity aversion. The larger bi, the stronger the inequity aversion of
FLSP i. bi = 1 indicates that FLSP i is extremely inequity aversion.

(1) Fair-neutral FLSPs among members

Situation 1. Fair-neutral FLSPs account for the majority.

For situation 1, the inequity aversion parameters of the three FLSPs are ai = 1
(i = 1, 2, 3) and bi = 0 (i = 2, 3), where FLSP2 and FLSP3 are fair-neutral. The experi-
ments are carried out by changing the value of inequity aversion parameters of FLSP1, b1
increasing from 0 to 1, which corresponds to different degrees of FLSP1′ inequity aversion,
from fair-neutral to extremely inequity aversion. The results of experiments are shown in
Table 2, Figures 2 and 3.

Table 2. Experimental results for Situation 1.

b1 λi(i = 1,2,3) U π1 V vi(i = 1,2,3)

0 0.201, 0.1961, 0.1914 782.88 549.91 232.98 78.78, 77.64, 76.56
0.1 0.0422, 0.2838, 0.2758 784.60 539.94 244.67 50.37, 98.18, 96.11
0.2 0, 0.3659, 0.3505 788.95 509.21 279.75 49.98, 116.99, 112.77
0.3 0, 0.4494, 0.4266 794.53 471.13 323.40 58.49, 135.75, 129.16
0.4 0, 0.5389, 0.5029 801.31 429.55 371.76 69.62, 156.53, 145.61
0.5 0, 0.6226, 0.5875 809.36 385.37 423.99 83.43, 175.93, 164.64
0.6 0, 0.7379, 0.6501 818.76 335.75 483.02 100.5, 205.87, 176.64
0.7 0, 0.8983, 0.6890 829.64 274.52 555.12 122.32, 252.91, 179.9
0.8 0, 0.999, 0.7363 842.15 227.33 614.82 144.17, 282.91, 187.74
0.9 0, 0.9978, 0.9235 855.85 175.26 680.58 169.37, 270.06, 241.16
1 0.0001, 0.9998, 0.9995 870.76 150.57 720.20 190.05, 265.63, 264.52

It can be seen from Table 2, Figures 2 and 3, that the distribution ratios of the three
FLSPs are very similar, while they are fair-neutral. Additionally, λ1 is the highest. As
Figure 2 illustrates, π1 is much higher than vi, and the supply chain has the lowest utility.
Combined with Figure 3, the stronger the inequity aversion of FLSP1 is, the lower λ1 is,
and v1 is reduced first and then increased. Meanwhile, the ratio and utility of fair-neutral
FLSPs increases and U increases.

The reason is as follows: It can be seen from the BO model that, when the profit of
FLSP1 is lower than the overall average profit of FLSPs, that is, π21 < π2

n , −b1
(
π21 − π2

n
)

is positive and FLSP1 shows an altruistic tendency. Therefore, when FLSP1 is inequity
averse, its distribution ratio decreases, and the ratio of fair-neutral FLSPs increases. Thus,
the greater the difference between FLSP1 and the average profit, the more favorable it
is for FLSP1. The effort level and v1 decreases with decreasing of λ1. The effort level of
fair-neutral FLSPs increase with the distribution ratio, and the added value is much larger.
Therefore, fair-neutral FLSPs’ utility increase, π1 decreases and U increases.
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Figure 2. The effect of inequity aversion parameters on the utilities for Situation 1.

Figure 3. The effect of inequity aversion parameters on the distribution ratios for Situation 1.

The added value added by the fair-neutral FLSPs increase, when the inequity aversion
of FLSP1 is relatively strong. For FLSP1 with inequity aversion, the positive utility caused
by the difference becomes the main part of its utility and slowly increases. The actual profit
of FLSP1 decreases with the increase of its inequity aversion, and FLSP1 will be in a more
disadvantageous position, which is inconsistent with the actual situation.

Situation 2. Fair-neutral FLSPs account for the minority.

For situation 2, the inequity aversion parameters of the three FLSPs are ai = 1
(i = 1, 2, 3) and b3 = 0, where only FLSP3 is fair-neutral. The experiments are car-
ried out by changing the value of inequity aversion parameters of FLSP1 and FLSP2,
b1 and b2, from 0 to 1, respectively. The experimental results are shown in Table 3 and
Figures 4 and 5, respectively.

It can be seen from Table 3, Figures 4 and 5, λ1 and λ2 are very low, and the fair-neutral
FLSP distribution ratio λ3 is very high, while FLSP1 and FLSP2 are relatively inequity
averse, a1 = a2 = 1. The rest of the trend is similar to Situation 1 and will not be repeated
here. The reasons are the same as in Situation 1, FLSP1 and FLSP2 with inequity aversion
have a greater difference from the average level, respectively. The positive utility and U
are both greater than utilities in Situation 1.
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Table 3. Experimental results for Situation 2.

b1,b2 λi(i = 1,2,3) U π1 V vi(i = 1,2,3)

0 0.201, 0.1961, 0.1914 782.88 549.91 232.98 78.78, 77.64, 76.56
0.1 0.1027, 0.1006, 0.4017 785.05 534.88 250.17 60.46, 60.08, 129.63
0.2 0.0001, 0.0002, 0.7070 793.42 461.40 332.02 52.48, 52.5, 227.04
0.3 0.0012, 0.0001, 0.9994 809.91 340.54 469.38 69.23, 69.13, 331.02
0.4 0.0001, 0.0008, 0.9993 829.31 340.60 488.71 78.82, 78.88, 331.01
0.5 0.0006, 0.0019, 0.9995 848.67 340.43 508.25 88.59, 88.68, 330.98
0.6 0.0002, 0.0003, 0.9999 868.17 340.35 527.82 98.28, 98.28, 331.26
0.7 0.0008, 0, 0.9997 887.55 340.43 547.12 108, 107.96, 331.17
0.8 0.0003, 0.0003, 0.9994 906.93 340.57 566.36 117.65, 117.65, 331.06
0.9 0.0011, 0.0008, 1 926.34 340.23 586.11 127.45, 127.45, 331.21
1 0.0003, 0.0003, 0.9992 945.69 340.66 605.03 137.02, 137.02, 330.99

Figure 4. The effect of inequity aversion parameters on the utilities for Situation 2.

Figure 5. The effect of inequity aversion parameters on the distribution ratios for Situation 2.

(2) Extremely inequity aversion FLSPs among members

Situation 3. Extremely inequity aversion FLSPs account for the majority.

For situation 3, the inequity aversion parameters of the three FLSPs are ai = 1
(i = 1, 2, 3) and bi = 1 (i = 2, 3) where FLSP2 and FLSP3 are extremely inequity
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aversion. The experiments are carried out by changing the value of inequity aversion
parameters of FLSP1, b1, increasing from 0 to 1. The experimental results are shown in
Table 4 and Figures 6 and 7.

Table 4. Experimental results for Situation 3.

b1 λi(i = 1,2,3) U π1 V vi(i = 1,2,3)

0 0.9996, 0.0009, 0.0016 948.96 340.38 608.58 333.01, 137.78, 137.78
0.1 1, 0.0001, 0.0001 929.64 340.32 589.33 313.77, 137.78, 137.78
0.2 0.9996, 0.0007, 0.0003 910.00 340.46 569.54 294.04, 137.75, 137.75
0.3 1, 0.0013, 0.0012 890.42 340.20 550.23 274.57, 137.83, 137.83
0.4 1, 0.0002, 0.0006 870.96 340.29 530.68 255.09, 137.8, 137.8
0.5 0.9993, 0.0002, 0.0003 851.39 340.62 510.76 235.36, 137.7, 137.7
0.6 0.9997, 0.0011, 0.0003 831.85 340.39 491.45 215.91, 137.77, 137.77
0.7 0.9992, 0.0001, 0.0002 812.32 340.68 471.64 196.28, 137.68, 137.68
0.8 0.7536, 0.0001, 0.0002 794.63 443.71 350.91 135.08, 107.92, 107.92
0.9 0.4258, 0.0984, 0.0964 785.40 529.63 255.77 88.79, 83.49, 83.49
1 0.201, 0.1961, 0.1914 782.88 549.91 232.98 77.66, 77.66, 77.66

Figure 6. The effect of inequity aversion parameters on the utilities for Situation 3.

Figure 7. The effect of inequity aversion parameters on the distribution ratios for Situation 3.

It can be seen from Table 4 and Figures 6 and 7 that the fair-neutral FLSP1′s distribution
ratio λ1 is very high, the distribution ratios of FLSPs with extremely inequity aversion λ2
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and λ3, are very low, when FLSPs with extremely inequity aversion are in majority from
Figure 6. The stronger the inequity aversion of FLSP1 is, the lower λ1 and the lower v1
is. As Figure 7 illustrates, the ratio of members who are extremely inequity aversion will
increase, their utilities and U will decrease, while π1 will increase.

The reason is as follows: When the profit of FLSP1 is higher than the average profit of
the whole FLSPs, that is π21 > π2

n , advantageous inequity negative utility is generated by
−b1

(
π21 − π2

n
)

for FLSP1 with inequity aversion. However, the profit of FLSP, which has
extremely inequity aversion, is far lower than the average profit, showing an “altruistic”
tendency and producing positive utility. The ratios of FLSPs with extremely inequity
aversion is very low, and the disadvantageous inequity positive utility is very large. The
fair-neutral FLSP has the highest distribution ratio, the highest effort level, the largest value
added and no inequity negative utility. The supply chain has the most utility. FLSP1′s λ1
and efforts level decreases, as it becomes more and more inequity averse. Additionally,
there is still advantageous inequity negative utility, so its utility will be reduced. The ratios
of FLSPs that are extremely inequity averse will increase, the positive utility brought by
the difference with the average profit will become smaller and smaller, so their utilities will
also decrease. Although LSI’s revenue is increasing, it is not enough to offset the decline in
FLSPs, so the utility of supply chain is reduced.

Situation 4. Extremely inequity aversion FLSPs account for the minority.

For situation 4, the inequity aversion parameters of the three FLSPs are ai = 1
(i = 1, 2, 3) and b3 = 1, respectively, where FLSP3 is extremely inequity averse. The
experiments are carried out by changing the value of inequity aversion parameters of
FLSP1 and FLSP2, b1 and b2, from 0 to 1, respectively. The experimental results are shown
in Table 5 and Figures 8 and 9.

Table 5. Experimental results for Situation 4.

b1,b2 λi(i = 1,2,3) U π1 V vi(i = 1,2,3)

0 1, 0.9976, 0.0001 873.42 151.12 722.29 266.82, 264.9, 190.57
0.1 0.9995, 0.9846, 0.0001 858.36 155.50 702.85 259.72, 253.68, 189.45
0.2 0.9981, 0.7979, 0 844.16 211.44 632.72 258.59, 199.2, 174.93
0.3 0.9505, 0.6736, 0 831.27 260.28 570.99 238.78, 170.32, 161.89
0.4 0.7695, 0.6671, 0 819.97 321.69 498.28 187, 166.2, 145.08
0.5 0.6535, 0.5923, 0 810.24 375.47 434.77 157.34, 147.49, 129.93
0.6 0.5481, 0.5193, 0 801.94 423.01 378.93 133.17, 129.61, 116.16
0.7 0.4622, 0.4388, 0 794.96 465.00 329.96 114.19, 112.14, 103.63
0.8 0.3736, 0.3574, 0 789.23 505.80 283.43 96.63, 95.73, 91.07
0.9 0.2903, 0.2819, 0.0401 784.76 537.46 247.30 83.12, 82.9, 81.28
1 0.201, 0.1961, 0.1914 782.88 549.91 232.98 77.66, 77.66, 77.66

It can be seen from Table 5 and Figures 8 and 9 that when only FLSP3 is extremely
inequity averse, λ3 is very low, and the fair-neutral FLSPs distribution ratios, λ1 and λ2,
are very high. The stronger the inequity aversion of FLSP1 and FLSP2 are, the smaller the
distribution ratios are and the lower the utility are. For the FLSP3 with extreme inequity
aversion, λ3 is slowly increasing and v3 is decreasing. π1 has increased, while V and U
have decreased.

The reason is the same as situation 3, and the difference between FLSP3 with extremely
inequity aversion and the average level is small, the positive effect is smaller, the number
of FLSPs with weak degree of inequity aversion is large, and the negative utility compared
with the average level is larger, so U is lower overall than situation 3.
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Figure 8. The effect of inequity aversion parameters on the utilities for Situation 4.

Figure 9. The effect of inequity aversion parameters on the distribution ratios for Situation 4.

(3) Summary of the experiments

Compare the supply chain utility of the four cases, as shown in Figure 10. It can be
seen that the supply chain has the lowest utility while all FLSPs are extremely inequity
aversion or fair-neutral; the supply chain has the highest utility, while there is only one
fair-neutral FLSP and the other two FLSPs are extremely inequity aversion. However, in
practice, people are not satisfied because they are below average. On the contrary, most
people hate that they are below average in fact. The experimental results from the original
BO model are not consistent with the actual situation.
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Figure 10. Comparison of the utility of supply chain in four situations.

5. Improved BO Model
5.1. Model

Due to the previous experiments results, it can be clearly seen that the model in
Section 4.2 has obvious defects when the profit of FLSP members are below the average. It
is a disadvantage for the FLSP who use the utility function based on the basic BO model.
The profit of the FLSP will decrease while its degree of inequity aversion increase, which is
very unrealistic.

In other words, the model proposed in Section 4.2 successfully portrays the inequity
aversion of members when they are in advantage positions but cannot express the situation
of disadvantageous inequity aversion of members. The comparison with the average
should also be negative when members are at a disadvantage. The ERC model proposed in
the paper by Bolton and Ockenfels (2000) [14], in the case of a two-person game, the utility
function is

vi(cσi, σi) = aicσi −
bi
2

(
σi −

1
2

)2
, ai > 0, bi ≥ 0 (17)

where, σi = σi(c, yi) =

{
yi/c, c > 0
1/n, c = 0

is the relative share of i’s revenue and c =
n
∑

i = 1
yi

is the total monetary revenue. Fehr et al. [51] suggested that behavior-related comparisons
are more local, i.e., compared with colleagues or compared with their mean. Therefore, the
model is modified as follows according to the previous literature.

The utility of FLSP i obtained by applying the improved BO model is

vi = aiπ2i − bi

(
π2i − φi

π2

n

)2
(18)

where, φi is the coefficient of FLSP i’s revenue relative to the average of overall FLSPs.
The definition here mainly refers to the literature of Cui [18]. φi is named as the relative
fairness revenue coefficient, which is a positive exogenous parameter, and the model can
be extended to any case of φi. The meaning of the rest of the parameters in the formula are
exactly the same as the previous one.

In the second item, FLSP i compares its self-revenue with the average revenue of
the overall FLSPs, which is more reasonable than comparing the relative share of the self-
revenue with the average in the original BO model. Compared with the BO model used
in previous research, improved BO model, Equation (18), adopts the difference squared,
which not only to express the advantageous inequity aversion of FLSP, but also to show
the disadvantageous inequity aversion, and avoids the disadvantage that the utility is
increased when the FLSP is at a disadvantage in the foregoing.

Substituting Equation (18) for Equation (8), the rest of the mathematical model of
revenue distribution is the same as in Section 4.2 and will not be repeated here.
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5.2. Numerical Analysis
5.2.1. The Influence of Fairness Preference on Revenue Distribution

The initial data of the case is the same as in Section 4.3.1. Since there’s little difference
on the basic data of the three FLSPs, it can be considered that each FLSP has the same status
in the overall peer. Therefore, φi(i = 1, 2, 3), takes the same value, 1, for each FLSP i.

(1) Fair-neutral FLSP among members

Situation 1. Fair-neutral FLSPs account for the majority.

For situation 1, the inequity aversion parameters of the three FLSPs are ai = 1
(i = 1, 2, 3) and bi = 0 (i = 2, 3) where FLSP2 and FLSP3 are fair-neutral. The experi-
ments are carried out by changing the value of inequity aversion parameters of FLSP1,b1
increases from 0 to 0.3, which corresponds to different degrees of FLSP1′ inequity aversion,
from fair-neutral to inequity aversion. The results of experiments are shown in Table 6,
Figures 11 and 12.

It can be seen from Table 6 that FLSP1 has the greatest distribution ratio and greatest
utility than other FLSPs, when all three FLSPs are fair-neutral. From Figures 11 and 12, λ1
and v1 will decrease, but the ratio of fair-neutral members, λ2 and λ3 will increase when
FLSP1 is inequity aversion. The distribution ratio is no longer affected by b1 when v1 is the
same as the average.

Table 6. Experimental results for Situation 1.

b1 λi(i = 1,2,3) U π1 V vi(i = 1,2,3)

0 0.201, 0.1961, 0.1914 782.88 549.91 232.98 78.78, 77.64, 76.56
0.02 0.1962, 0.1984, 0.1937 782.88 549.95 232.93 77.7, 78.16, 77.07
0.04 0.1961, 0.1985, 0.1937 782.88 549.95 232.93 77.68, 78.18, 77.07
0.06 0.196, 0.1985, 0.1938 782.88 549.95 232.93 77.66, 78.18, 77.09
0.08 0.196, 0.1985, 0.1938 782.88 549.95 232.93 77.66, 78.18, 77.09
0.1 0.196, 0.1985, 0.1938 782.88 549.95 232.93 77.66, 78.18, 77.09
0.2 0.196, 0.1985, 0.1938 782.88 549.95 232.93 77.66, 78.18, 77.09
0.3 0.1959, 0.1985, 0.1938 782.88 549.97 232.91 77.64, 78.18, 77.09

Figure 11. The effect of inequity aversion parameters on vi(i = 1, 2, 3) for Situation 1.
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Figure 12. The effect of inequity aversion parameters on the distribution ratios for Situation 1.

The reasons are as follows: FLSP1 is above average and in an advantageous position
while members are fair-neutral. Therefore, negative effects will be generated by advanta-
geous inequity aversion when FLSP1 has inequity aversion. In order to reduce the gap with
the average revenue, FLSP1 gives up part of the revenue to other members and reduces
the distribution ratio, so that the revenue of the three FLSPs is substantially the same. The
negative utility produced by comparison with the average is 0, and the supply chain has
the greatest utility.

Compared with situation 1 in Section 4.3.2, the distribution ratio solved by the original
model is too low for members with inequity aversion who seek for greater adverse inequity
positive utility, and the fair-neutral member distribution ratio is too high. This is not
realistic. With the improved BO model, FLSP1 with inequity aversion only gives up part
of its own interests, and the distribution ratio is slightly reduced to make the revenue
distribution fairer.

In order to maximize the utility of the supply chain and reduce the inequity aversion
negative utility, the λi of the three FLSPs must be similar, etc., the other three situations
should be the same.

What are the impacts on the revenue distribution plan when the three FLSPs value
different degrees of their own revenue? The following experiment is carried out for
this issue.

B. The inequity aversion parameters of the three FLSPs are a1 = 1.2, a2 = 1, a3 = 1,
bi = 0, i = 2, 3, where FLSP2 and FLSP3 are fair-neutral. The parameters of the three
FLSPs for their own revenue, ai are only to indicate their different attitudes, and they do not
have to be too specific. The experiments are carried out by changing the value of inequity
aversion parameters of FLSP1, b1 increases from 0 to 1, which corresponds to different
degrees of FLSP1′ inequity aversion, from fair-neutral to extremely inequity aversion. The
experimental results are shown in Table 7 and Figures 13 and 14.

It can be seen from Table 7 that the three FLSPs pay more attention to their own
revenue, and their distribution ratios are greater, when each FLSP pays different attention
to its own revenue and all are not worthy of the average revenue. As FLSP1 pays more
attention to its own revenue beyond the revenue itself, it has a great ratio in the supply
chain’s utility. At this time, λ1 is relatively great and the effort level is relatively great,
which can create more value-added. It can be seen from Figure 14 that λ1 decreases with
the increase of the inequity aversion’s degree, b1, while the ratios of other FLSPs increase
when FLSP1 begins to pay attention to the fairness of revenue distribution. When vi is
the same as the average, the distribution scheme is no longer affected by b1. vi changes
according to the change of its λi, while π1 changes are the opposite from Figure 13. If LSI
wants to get more revenue, it should cooperate with FLSPs who have inequity aversion.
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Table 7. Experimental results for Situation 1.

b1 λi(i = 1,2,3) U π1 V vi(i = 1,2,3)

0 0.9999, 0.191, 0.0002 825.5984 325.198 500.4004 384.66, 75.72, 40.02
0.1 0.3988, 0.5932, 0.128 813.8158 429.383 384.4328 138.47, 187.33, 58.63
0.2 0.3976, 0.5941, 0.1282 813.7942 429.354 384.4402 138.13, 187.64, 58.67
0.3 0.3972, 0.5944, 0.1283 813.7869 429.3411 384.4458 138.02, 187.75, 58.68
0.4 0.3970, 0.5946, 0.1284 813.7833 429.3164 384.4669 137.96, 187.81, 58.7
0.5 0.3968, 0.5947, 0.1284 813.7811 429.3282 384.453 137.9, 187.85, 58.7
0.6 0.3967, 0.5948, 0.1284 813.7797 429.3202 384.4594 137.88, 187.88, 58.7
0.7 0.3967, 0.5948, 0.1284 813.7787 429.3202 384.4584 137.88, 187.88, 58.7
0.8 0.3966, 0.5949, 0.1284 813.7779 429.3123 384.4655 137.85, 187.92, 58.7
0.9 0.3966, 0.5949, 0.1284 813.7773 429.3123 384.4649 137.85, 187.92, 58.7
1 0.3966, 0.5949, 0.1284 813.7768 429.3123 384.4644 137.85, 187.92, 58.7

Figure 13. The effect of inequity aversion parameters on the utilities for Situation 1.

Figure 14. The effect of inequity aversion parameters on the distribution ratios for Situation 1.

Situation 2. Fair-neutral FLSPs account for the minority.

For situation 2, the inequity aversion parameters of the three FLSPs are a1 = 1.2,
a2 = 1, a3 = 1 and b3 = 0, where only FLSP3 is fair-neutral. The experiments are
carried out by changing the value of inequity aversion parameters of FLSP1 and FLSP2,
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b1 and b2, from 0 to 1, respectively. The results of experiments are shown in Table 8,
Figures 15 and 16.

Table 8. Experimental results for Situation 2.

b1,b2 λi(i = 1,2,3) U π1 V vi(i = 1,2,3)

0 0.9999, 0.191, 0.0002 825.60 325.20 500.40 384.66, 75.72, 40.02
0.1 0.3667, 0.3651, 0.3572 810.91 457.02 353.89 129.77, 118.45, 105.67
0.2 0.3646, 0.3640, 0.3604 810.84 457.02 353.82 129.21, 118.17, 106.44
0.3 0.3638, 0.3637, 0.3614 810.82 457.04 353.78 129, 118.1, 106.68
0.4 0.3635, 0.3635, 0.3619 810.81 457.05 353.77 128.92, 118.05, 106.8
0.5 0.3633, 0.3634, 0.3622 810.80 457.05 353.76 128.86, 118.02, 106.87
0.6 0.3631, 0.3633, 0.3624 810.80 457.06 353.74 128.81, 118, 106.93
0.7 0.3630, 0.3633, 0.3626 810.80 457.05 353.75 128.78, 118, 106.97
0.8 0.3630, 0.3632, 0.3627 810.79 457.05 353.75 128.78, 117.97, 107
0.9 0.3629, 0.3632, 0.3628 810.79 457.05 353.75 128.76, 117.97, 107.02
1 0.3628, 0.3632, 0.3629 810.79 457.05 353.75 128.73, 117.97, 107.04

Figure 15. The effect of inequity aversion parameters on the utilities for Situation 2.

Figure 16. The effect of inequity aversion parameters on the distribution ratios for Situation 2.

It can be seen from Table 8 that FLSP2 begins to have disadvantageous inequity
aversion, λ2 and v2 increase with the degree of inequity aversion, when the degree of
members’ inequity aversion is weak. From Figure 15, FLSP2 has advantageous inequity
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aversion while v2 increases beyond the average level. As shown in Figure 16, λ1 decreases
and v1 decreases when the degree of inequity aversion increases. The changes in the
remaining members are roughly the same as those in the case 1 and will not be repeated.

Compared with Situation 2 in Section 4.3.2, the improved BO model is used to in-
crease the distribution ratio and utility of the disadvantaged FLSP when the degree of
inequity aversion is strengthened and reduce the distribution ratio and make the revenue
distribution fairer for an advantageous FLSP. It can be clearly seen that the improved BO
model can better portray the inequity aversion of members and lead to a fairer revenue
distribution plan.

(2) Extremely inequity aversion FLSPs among members

Situation 3. Extremely inequity aversion FLSPs account for the majority.

For situation 3, the inequity aversion parameters of the three FLSPs are a1 = 1.2,
a2 = 1, a3 = 1, bi = 1, i = 2, 3, where FLSP2 and FLSP3 are extremely inequity
aversion. The experiments are carried out by changing the value of inequity aversion
parameters of FLSP1, b1 increases from 0 to 1. The results of experiments are shown in
Table 9 and Figures 17 and 18.

Table 9. Experimental results for Situation 3.

b1 λi(i = 1,2,3) U π1 V vi(i = 1,2,3)

0 0.3631, 0.3627, 0.3631 810.79 457.05 353.75 128.83, 117.84, 107.08
0.1 0.3629, 0.3628, 0.3631 810.79 457.06 353.72 128.77, 117.87, 107.09
0.2 0.3629, 0.3628, 0.3632 810.79 457.05 353.74 128.77, 117.86, 107.11
0.3 0.3628, 0.3629, 0.3632 810.79 457.05 353.74 128.74, 117.89, 107.11
0.4 0.3628, 0.3629, 0.3632 810.79 457.05 353.74 128.74, 117.89, 107.11
0.5 0.3627, 0.3629, 0.3632 810.79 457.06 353.72 128.71, 117.9, 107.11
0.6 0.3627, 0.3629, 0.3633 810.78 457.05 353.74 128.71, 117.89, 107.14
0.7 0.3627, 0.3629, 0.3633 810.78 457.05 353.74 128.71, 117.89, 107.14
0.8 0.3627, 0.3629, 0.3633 810.78 457.05 353.74 128.71, 117.89, 107.14
0.9 0.3626, 0.3630, 0.3633 810.78 457.05 353.74 128.68, 117.92, 107.14
1 0.3626, 0.3630, 0.3633 810.78 457.05 353.74 128.68, 117.92, 107.14

Figure 17. The effect of inequity aversion parameters on vi(i = 1, 2, 3) for Situation 3.
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Figure 18. The effect of inequity aversion parameters on the distribution ratios for Situation 3.

It can be seen from Table 9 and Figure 17 the distribution ratios of the three FLSPs
are similar, and the utility changes are small when the members with extremely inequity
aversion are in majority. Figure 18 indicates that the FLSP1′s distribution ratio,λ1 decreases
and the distribution ratios of other FLSPs increases, which is consistent with the trend of
the previous two cases, when the advantageous FLSP1 inequity aversion becomes stronger.
This is because more members pay attention to the fairness of distribution. In order to
reduce the negative utility caused by inequity aversion, all FLSPs have similar distribution
ratios and their profits are roughly the same as shown in Figures 17 and 18. In this case,
the utility of LSI does not change much.

Compared with situation 3 in Section 4.3.2, with the original model, the ratio of
members with extremely inequity aversion is extremely low, and the ratio of members
with weak degrees of inequity aversion is high. With the improved BO model, the ratio of
members who are extremely inequity aversion is appropriate, and the profit are the same as
the average. For the FLSP with advantageous position, when its degree of inequity aversion
is strengthened, its distribution ratio is reduced, and the distribution ratio of members who
are extremely inequity aversion is increased, so that the distribution of revenue is fairer.

Situation 4. Extremely inequity aversion FLSPs account for the minority.

For situation 4, the inequity aversion parameters of the three FLSPs are a1 = 1.2,
a2 = 1, a3 = 1, b3 = 1, respectively, where FLSP3 is extremely inequity aversion.
The experiments are carried out by changing the value of inequity aversion parameters
of FLSP1 and FLSP2, b1 and b2, from 0 to 1, respectively. The results of experiments are
shown in Table 10, Figures 19 and 20.

Table 10. Experimental results for Situation 4.

b1,b2 λi(i = 1,2,3) U π1 V vi(i = 1,2,3)

0 0.5987, 0.1226, 0.3981 813.85 428.48 385.37 206.89, 63.54, 114.94
0.1 0.3636, 0.3621, 0.3632 810.80 457.05 353.75 128.97, 117.68, 107.11
0.2 0.3631, 0.3626, 0.3632 810.79 457.05 353.74 128.82, 117.81, 107.11
0.3 0.3629, 0.3627, 0.3632 810.79 457.06 353.72 128.77, 117.84, 107.11
0.4 0.3628, 0.3628, 0.3632 810.79 457.06 353.72 128.74, 117.87, 107.11
0.5 0.3628, 0.3629, 0.3632 810.79 457.05 353.74 128.74, 117.89, 107.11
0.6 0.3627, 0.3629, 0.3633 810.78 457.05 353.74 128.71, 117.89, 107.14
0.7 0.3627, 0.3629, 0.3633 810.78 457.05 353.74 128.71, 117.89, 107.14
0.8 0.3627, 0.3629, 0.3633 810.78 457.05 353.74 128.71, 117.89, 107.14
0.9 0.3626, 0.3629, 0.3633 810.78 457.06 353.72 128.68, 117.9, 107.14
1 0.3626, 0.3630, 0.3633 810.78 457.05 353.74 128.68, 117.92, 107.14
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Figure 19. The effect of inequity aversion parameters on the utilities for Situation 4.

Figure 20. The effect of inequity aversion parameters on the distribution ratios for Situation 4.

It can be seen from Table 10 and Figures 19 and 20 that situation 4 is roughly the
same as situation 1 and situation 2 when member with extreme inequity aversion is the
minority. However, FLSP3 is more concerned about the distribution fairness, and FLSP2
is less concerned with its own revenue than FLSP1, and FLSP1 is less inequity averse
than FLSP2 at the beginning. As can be seen from situation 1, FLSP1 has an advantage
in the whole. Therefore, as described in Figure 20, FLSP2 has the lowest distribution
ratio and FLSP1 has the highest distribution ratio. Similar to situation 2, FLSP2 is below
average, λ2 increases with its disadvantageous inequity aversion, b2, in Figure 20, and v1 is
higher than the average in Figure 19. λ1 decreases with its advantageous inequity aversion.
Figure 20 demonstrates that the distribution ratio is no longer affected by the degree of
inequity aversion, while the members’ revenues are almost the same.

Compared with Situation 4 in Section 4.3.2, with the original model, the ratio of
members who are extremely inequity aversion is extremely low. With the improved BO
model, the ratio of members who are extremely inequity aversion is appropriate, and the
profit is the same as the average. For the disadvantageous FLSP, when its degree of inequity
aversion is strengthened, the ratio of its distribution is appropriately increased to increase
its utility. For the advantageous FLSP, reduce the distribution ratio and make the revenue
distribution fairer.

(3) Experimental summary

Comparing the utility of supply chain and the profit of LSI in the four situations,
Figure 21 shows that the supply chain has the greatest utility when all members are fair-
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neutral. As can be seen from Figures 21 and 22, the smaller U are, but the greater π1 are,
when the more members pay attention to the fairness of distribution and the stronger the
degree of inequity aversion is. This is because when FLSP focuses on the distribution
of fairness, it will have a negative effect whether it is below or above the average. This
indicates that the distribution ratios agreed between LSI and the three FLSPs should be
similar to seek a fairer trade, and LSI has to work harder to get more revenue.

Figure 21. Comparison of supply chain’s utility in four situations.

Figure 22. Comparison of LSI’s profits in four situations.

Compared with the four situations in Section 4.3 above, the experimental results
in this section are obviously different. Applying the improved BO model, there is no
unreasonable situation in which the ratio of revenue distribution is lower and the utility
is increased, when the FLSP has disadvantageous inequity aversion. The improved BO
model can successfully describe the advantageous inequity aversion and disadvantageous
inequity aversion of FLSP. Applying the improved BO model, the revenue distribution
plan is fairer, more reasonable and more realistic. The improved BO model is suitable
for situations where the specific information of peer members is not fully known, but
the industry average is known, and φ can be adjusted according to the capabilities of
the company.

5.2.2. Influence of Relative Fairness Revenue Coefficient on Revenue Distribution

In order to study the influence of the relative fairness revenue coefficient of FLSPs on
the distribution scheme, the following experiment was conducted. There are two cases,
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(1) the members’ relative fairness revenue coefficients are the same and (2) the members’
relative fairness revenue coefficients are different. The initial data of the case is the same
as in Section 4.3.1. To avoid the influence of the inequity aversion degree of members
affecting the parameter analysis, the inequity aversion of the three FLSPs are the same, and
the parameters are set,ai = 1, (i = 1, 2, 3) and bi = 0.1, (i = 1, 2, 3).

(1) Case 1: Members with the same relative fairness revenue coefficients

The relative fairness revenue coefficients of the three FLSPs are the same, since the
strengths of the three FLSPs are similar, φi(1, 2, 3) is from 0.9 to 1.1 according to papers by
Yang et al. (2013) [51], Katok et al. (2014) [31] and Wang et al. (2016) [48]. The results are
shown in Table 11 and Figures 23 and 24.

Table 11. The results for the same relative fairness revenue coefficients.

φi(i = 1,2,3) λi(i = 1,2,3) U π1 V vi(i = 1,2,3)

0.9 0.0229, 0.0229, 0.0229 772.34 644.62 127.72 42.57, 42.57, 42.57
0.95 0.1347, 0.1348, 0.1348 779.02 583.68 195.34 65.11, 65.12, 65.11
0.96 0.1549, 0.1549, 0.1550 780.27 572.62 207.66 69.23, 69.22, 69.21
0.97 0.1720, 0.1721, 0.1722 781.35 563.18 218.17 72.73, 72.72, 72.72
0.98 0.1850, 0.1851, 0.1852 782.18 556.02 226.16 75.39, 75.39, 75.38
0.99 0.1932, 0.1933, 0.1934 782.70 551.50 231.21 77.08, 77.07, 77.06

1 0.1959, 0.1961, 0.1962 782.88 549.97 232.91 77.64, 77.64, 77.63
1.01 0.1932, 0.1933, 0.1934 782.70 551.50 231.21 77.09, 77.07, 77.05
1.02 0.1850, 0.1851, 0.1852 782.18 556.02 226.16 75.39, 75.39, 75.38
1.03 0.1720, 0.1721, 0.1722 781.35 563.18 218.17 72.73, 72.72, 72.72
1.04 0.1549, 0.1549, 0.1550 780.27 572.62 207.66 69.23, 69.22, 69.21
1.05 0.1347, 0.1348, 0.1348 779.02 583.68 195.34 65.11, 65.12, 65.11
1.1 0.0229, 0.0229, 0.0229 772.34 644.62 127.72 42.57, 42.57, 42.57

Figure 23. The distribution for the same relative fairness revenue coefficients.
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Figure 24. Variety of the utilities.

It can be seen from Table 11 and Figure 23 that the relative revenue coefficient φ = 1
makes the FLSP member distribution ratio the highest when the relative fairness revenue
coefficients of the three FLSPs are the same. At this time, vi, V and U are the highest in
Figure 24. Figure 24 also indicates that vi and U will decrease when the relative fairness
revenue coefficient φ increases or decreases.

(2) Case 2: Members with different relative fairness revenue coefficients

The relative fairness revenue coefficients of the three FLSPs are different, φ1 from
0.9 to 1.1, φ2= 0.95 < 1, which means that the strength of the FLSP 2 is lower than the
average, and φ3 = 1.02 > 1, which means that the strength of the FLSP 3 is higher than
the average [31]. The selection of member whose φi is changed is random, and the values
of φ2 and φ3 are set only to express the difference in FLSPs’ strength, which will not affect
the final conclusion [52–54]. The results are shown in Table 12 and Figures 25 and 26.

Table 12. The results for the different relative fairness revenue coefficients.

φ1 λi(i = 1,2,3) U π1 V vi(i = 1,2,3)

0.9 0.1299, 0.1458, 0.1675 779.83 576.43 203.40 63.93, 67.34, 72.13
0.95 0.1687, 0.1688, 0.1920 781.63 560.68 220.95 71.94, 71.93, 77.08
0.96 0.1753, 0.1720, 0.1955 781.91 558.25 223.66 73.32, 72.57, 77.77
0.97 0.1814, 0.1747, 0.1984 782.16 556.11 226.05 74.61, 73.1, 78.35
0.98 0.1869, 0.1768, 0.2007 782.37 554.29 228.08 75.78, 73.51, 78.8
0.99 0.1920, 0.1783, 0.2024 782.55 552.76 229.79 76.86, 73.8, 79.13

1 0.1964, 0.1793, 0.2035 782.69 551.56 231.12 77.81, 73.98, 79.33
1.01 0.2003, 0.1796, 0.2040 782.79 550.69 232.09 78.66, 74.03, 79.41
1.02 0.2035, 0.1794, 0.2038 782.85 550.17 232.68 79.36, 73.97, 79.35
1.03 0.2061, 0.1785, 0.2030 782.86 549.99 232.88 79.94, 73.77, 79.16
1.04 0.2081, 0.1771, 0.2015 782.84 550.14 232.70 80.4, 73.48, 78.83
1.05 0.2094, 0.1750, 0.1995 782.78 550.64 232.14 80.72, 73.03, 78.39
1.06 0.2063, 0.1561, 0.1801 781.89 558.12 223.77 80.29, 69.16, 74.32
1.08 0.1299, 0.1458, 0.1675 779.83 576.43 203.40 63.93, 67.34, 72.13
1.1 0.1687, 0.1688, 0.1920 781.63 560.68 220.95 71.94, 71.93, 77.08
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Figure 25. The distribution for the different relative fairness revenue coefficients.

Figure 26. The vi for the different relative fairness revenue coefficients.

As can be seen from Table 12 and Figure 25, the distribution ratio of FLSP1 is lower
than that of other FLSPs, λ1 < λ2 < λ3, when φ1 < φ2 < φ3. With increases of φ1, λi
increases gradually, which is shown in Figure 25. FLSP1 and FLSP2 have the same revenue
distribution ratio, which is smaller than the distribution ratio of FLSP3, λ1 ≈ λ2 < λ3 when
φ1 = φ2 < φ3. The distribution ratio of FLSP1 is higher than other FLSPs, λ1 > λ3 > λ2
when φ1 > φ3 > φ2. It can be concluded that the higher the relative fairness revenue
coefficient of the FLSP is, the higher the distribution ratio is in the peer FLSPs. Figure 26
shows that the trend of the utility of FLSP is the same as the distribution ratio.

Comparing Figure 23 with Figure 25, it can be seen that φ that can make the ratio
of member greatest have a deviation when the members have different relative fairness
revenue coefficients. This is because the benchmark for comparison with the average level
increases when a member’s relative fairness revenue coefficient increases. LSI increases
the distribution ratio and compensates for the inequity negative utility resulting from
comparison.

(3) Experimental summary

Comparing the utility of the two types of experiments, it can be seen from
Figures 27 and 28 U and V of case 1 are equal to that of case 2 when φ1 = 0.9858
and φ1 = 1.007; when 0.9858 < φ1 < 1.007, U and V of case 1 are greater than that
of case 2, where the differences between the φi of the FLSPs in Case 2 is small; when
0.9 < φ1 < 0.9858 and φ1 > 1.007, U and V of case 1 are smaller than that of case 2, where
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the differences between the φi of the FLSPs in Case 2 is great. Figure 29 shows that the
comparison result of π1 in both cases is contrary to the comparisons of U and V. φi denotes
the degree of FLSP i’s perceived relative advantage against the peers and the status of FLSP
in the peers, and depends on the factors such as the fixed cost, efficiency and innovation
capability of the enterprise, etc. Specifically, the larger the FLSP i’s perceived relative
advantage against the peers is, the stronger the strength of FLSP among their peers is, the
bigger the φi will be. The greater the difference in the φi between FLSPs is, the greater the
gap in the strength of FLSP is. If LSI only pursues to maximize its own interests, she can
choose to cooperate with FLSPs with the same strength and whose strength is greater or
lesser than average. When LSI cooperates with FLSPs with large differences in strength, she
should give more powerful FLSPs higher distribution ratios to encourage them to create
more value and reduce the ratios of weaker FLSPs.

Figure 27. Comparison of the utility of the supply chain in two cases.

Figure 28. Comparison of the FLSPs’ total utility in two cases.
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Figure 29. Comparison of LSI’s revenue in two cases.

6. Conclusions and Future Research

In this paper, fairness preference is introduced into the study of revenue distribution
in an LSSC consisting of one LSI and multiple FLSPs. The original BO model cannot
describe the disadvantageous inequity aversion of the actors. Therefore, an improved
original BO model is proposed to more fully characterize the peer-induced fairness prefer-
ence of the FLSPs. In addition, the influence of FLSP’s inequity aversion degree and the
number of FLSP members with inequity aversion on revenue distribution are studied in
the numerical simulation.

There are three main conclusions. First, the inequity aversion of FLSP affects the
revenue distribution of the supply chain and the cooperation strategy of each member in
LSSC are shown. Compared with the distribution plan when members are fair-neutral,
there are significant differences in the supply chain’s revenue distribution plan when FLSP
has inequity aversion. The inequity aversion of FLSP affects the utility of its own, LSI
and the supply chain. Second, the analysis also shows that the utility of FLSP decreases
with the degree of its advantageous inequity aversion and increases with the degree of
disadvantageous inequity aversion. Moreover, the more FLSP members with inequity
aversion, the higher the utility of LSI, the lower the FLSPs’ total utility and the supply
chain. For LSI, she should choose FLSPs with weaker inequity aversion, and ensure that
the revenue distribution is relatively fair, so as to reduce the loss caused by FLSP’s inequity
aversion. Finally, another interesting finding shows that the distribution ratio of FLSP
increases with its relative fairness revenue coefficient among the peers of FLSPs. Moreover,
when the difference in the relative fairness revenue coefficient of FLSP is small, the utility
of the supply chain is large.

Enterprises or decision makers can learn from the major findings of this paper and
use the specific suggestions in their operations. For example, when an LSI selects FLSP, the
degree of inequity aversion of the FLSP should be fully considered, which will affect the
utility of LSI and the entire supply chain; when an LSI selects multiple FLSPs, especially a
large number of FLSPs, the FLSPs with weaker inequity aversion could be a good option
to choose.

This paper still has some drawbacks. For example, only the FLSP’s inequity aver-
sion is considered. In the future, LSI’s inequity aversion and the inequity aversion of
both also should be considered. In addition, LSI is assumed in a dominant position. It
would be interesting to explore the impact of both dominant and inequity aversion on the
revenue distribution.
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