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Mass customization logistics service mode provides a new way to maintain the sustainable cooperative relationship between
customers and integrators. One of the key factors to maintain the sustainable development of logistics service supply chain under
MCmode is to locate a suitable customer order decoupling point (CODP) location./is paper investigates the problem of CODP
in the logistics service supply chain based on the fuzzy set theory under the mass customization mode. With the help of a fuzzy
QFD method and a new service quality function that we constructed, this paper quantifies the quality of a logistics service when
the LSI selects a different CODP. /en, the fuzzy set of the high-quality logistics service and the fuzzy set of the satisfactory
delivery time are built. Based on those two new fuzzy sets, this paper builds a new fuzzy programming model on CODP
positioning. /e solving methods of this model under different conditions are given. Finally, the influence of some important
parameters on the optimal CODP position is studied by sensitivity analysis on a specific numerical case.

1. Introduction

Against the background of steadily growing transport vol-
umes and increasingly fierce market competition, it is of
paramount importance for the logistics service integrators
(LSI) to provide customers with customized services to meet
the diverse needs of the market and maintain sustainable
partnership with customers. Based on this, more and more
logistics enterprises are making use of the scale effect as
much as possible to reduce the total logistics cost while
providing customized services. In other words, those lo-
gistics enterprises try to implement mass customization
(MC) in the logistics service supply chain [1, 2]. MC can be
seen as a collaborative optimization process between a
company and its customers with the goal of finding the best
match between the company’s capabilities and the cus-
tomers’ needs [3–5].

Compared with other types of service industries, there
are some unique characteristics in the logistics service in-
dustry. At first, the degree of the customer’s participation is
not high in the process of providing logistics services. After
the order is submitted, the customer only needs to wait for
the order to complete, without the need for full participation
in the logistics service process, which means that the fluc-
tuation of the service requirement is low. Second, general
service emphasizes the immediacy of service provision;
however, customers have relaxed their requirements for time
in the process of providing logistics service. Customers often
set a time constraint and require logistics enterprises to fulfill
orders within this time limit. For the abovementioned
reasons, implementing mass customization in the logistics
service supply chain is flexible.

An important issue of mass customization is locating the
customer order decoupling point (CODP) [6–9]. In the
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logistics service supply chain, CODP is the boundary be-
tween mass logistics services and customized logistics ser-
vices [10]. Different CODP locations will not only affect the
benefits of LSI but also affect the service quality of the whole
logistics service supply chain. /erefore, evaluating the
service quality level of logistics service supply chain with
different CODP locations will help LSI to improve the lo-
gistics service process sustainably and provide customers
with better service.

Regarding a mass customization logistics service, cus-
tomer enterprises outsource their logistics tasks to LSIs. LSIs
analyze the characteristics and the customized requirements
of those logistics tasks after the orders arrived; then, they
disassemble the logistics process into many specific service
procedures according to the actual situation. Finally, by
collaborating with functional logistics service providers
(denoted as FLSPs), they provide mass service for that shared
service part and customized logistics service for the subse-
quent processes that have special requirements. /us, it is
imperative to consider the effects of the position of the CODP
both on the comprehensive performance of the LSI logistics
service and the promotion of customer satisfaction [7, 9, 11].

For logistics service integrators, the goal is to maximize
profits with a precondition of satisfying the customers’ re-
quirements [12, 13]. Different from providing standardized
services, LSIs provide customized and variant service in the
MC environment. /erefore, an LSI can charge different
prices for logistics services according to the degree of cus-
tomization, so as to maximize profits.

For customer enterprises, what they value most is lo-
gistics service quality (denoted as LSQ) [14–16]. Since there
is no uniform standard to measure service quality, most of
the current studies evaluate logistics service quality through
qualitative research [17]. Many of those studies include lead
time in the service evaluation system as an important
quantitative index together with other qualitative indicators
[18, 19]. Most studies considered that the sooner the LSI
completes the logistics orders, the more satisfied the cus-
tomer is. In reality, however, customer enterprises want lead
time to be close to their preset time rather than the shortest
delivery time, since the product recipient (for instance,
terminal retailers) will increase inventory costs if the LSI
delivers goods too early, and if the LSI delivers goods too
late, it will affect the recipient’s sale, inventory, and
replenishment.

Based on a review of the literature and the analysis of
practical problems related to logistics enterprises, we found
that there are three problems that should be solved for the
LSI in the mass customization circumstance. (1) How to
measure logistics service quality: because there is no uniform
standard to measure the logistics service quality, and the
quality of service is difficult to quantify. /erefore, it is a
complex problem to translate this type of indicators into
specific constraint conditions in a programming model. (2)
How to describe the uncertainty of the customers’ service
requirements: as mentioned above, the customers’ re-
quirements for service quality and lead time are indeter-
minate, how to reflect those uncertainties in mathematical
model is another problem. In the previous research,

customer requirements were regarded as deterministic and
the variability and volatility of customer requirements were
ignored. /erefore, most of the constraints on the optimized
model for CODP positioning are deterministic [20–22]. (3)
Pricing strategy of differentiated services: since the logistics
services provided by the LSI are customized and differen-
tiated, the costs and delivery time will be different due to the
different degrees of customization. /erefore, an urgent
problem for LSIs is how to price for differentiated services.

/e problems mentioned above will be discussed in this
paper and a fuzzy programming model for positioning
CODP is developed. /is paper combines quantitative
analysis and qualitative analysis to measure customer sat-
isfaction using qualitative indicators and quantitative in-
dicators, and our contributions in this paper are as follows.

First, based on the fuzzy theory, this paper constructs
two new fuzzy sets: the fuzzy set of high-quality logistics
service and the fuzzy set of satisfactory delivery time. /en,
based on those two fuzzy sets, a new fuzzy programming
model on CODP positioning with fuzzy constraints is de-
veloped and introduced in this paper. Compared with de-
terministic constraints, fuzzy constraint sets can reflect the
customer’s demands more completely and more accurately.
In this paper, the research on CODP position is extended
from deterministic programming to fuzzy programming,
which provides more ideas and methods for researchers or
business decision makers.

Second, the fuzzy Quality Function Deployment method
is used to characterize the logistics service quality under
different CODP conditions as a specific score, and by using
the logistics service quality function constructed in this
paper, the score is expressed as a more intuitive result so that
the decision maker can more clearly see the difference in
service quality when choosing different CODPs. /is
method comprehensively considers the impact of various
qualitative indicators on logistics service quality, so it can
improve logistics service quality sustainably according to
this method.

/ird, through numerical case analysis, this paper dis-
cusses which parameters have a significant impact on the
location of the CODP, to provide managers with effective
management insights, improve logistics enterprise operation
efficiency, and reduce logistics costs.

/e rest of the paper is organized as follows. In Section 2,
we review and summarize the research status of mass
customization in service field and the research progress of
CODP positioning. In Section 3, the conditional assump-
tions and the mathematical expression of this model are
presented. In Section 4, the quantify methods of some
important indicators are given in Section 4.1; then, we build
a fuzzy programming model with two fuzzy constraints and
provide methods to solve the model. In Section 5, the fea-
sibility of the model is verified through a numerical example,
and a sensitivity analysis is performed for the parameters of
the model to evaluate the effect of those parameters on the
results. In Section 6, we summarize the research process and
the significance of this study and provide some important
implications for management and a possible future research
direction.
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2. Literature Review

2.1. MC in the Service Industry. Mass customization mode
originated from manufacturing industry [23]. Due to the
heterogeneity and invisibility of services and the volatility of
service demand, there are relatively few research studies on
the implementation of mass customization mode in service
industry. In the early stage, scholars and practitioners began
to explore the possibility of implementing mass custom-
ization in service industry [3], for example, Moon et al.
developed a method to design customized service families
using game theory to simulate situations involving dynamic
market environments [24]; Wang focused on service mass
customization, analyzed the shortcomings of traditional
SaaS and service composition methods, and proposed
“service network” as a means to solve the contradiction
between “large-scale standardization” and “personalization”
[25].

At present, the research on mass customization mode of
service industry can be roughly divided into two categories.
/e first one is about the concept, strategic thinking, and key
elements of implementing mass customization mode in
service industry, for instance, Peters et al. summarized the
challenges of implementing mass customization in service
environment and proposed the driving factors for enter-
prises to implement service mass customization mode [26].
/e second kind of research mainly focuses on the specific
operation problems of mass customization in the service
supply chain, such as the joint optimization of supplier
selection and order allocation [27] and optimal custom-
ization degree or CODP positioning under the mode of
logistics service mass customization [21].

As can be seen from the literature review above, although
mass customization has received increasing attention, the
research and application of MC in the service industry is still
relatively scarce; at present, only a small number of service
industries have successfully implemented a mass custom-
ization service mode.

2.2. CODP Position. One of the key problems in mass
customization production or service mode is to determine
the optimal customer order decoupling point [11, 28]. Mass
customization mode originated from the field of
manufacturing, so the research on CODP is mostly focused
on manufacturing industry [6], for instance, Jeong et al.
proposed a dynamic model to simultaneously determine the
optimal location of decoupling points and production in-
ventory planning in the supply chain, so as to minimize the
total cost of deviation from target productivity and target
inventory level [29]. Schoenwitz proposed a systematic
approach to determine the alignment of CODP configura-
tions at product, category, and component levels, with
customer preferences in terms of their customization re-
quirements [30].

/e research on CODP positioning can be divided into
single CODP positioning research and multiple CODP
positioning research. Research on single CODP, for in-
stance, de Keizer et al. proposed a network design model for

perishable products that integrates decision-making on hub
locations with the positioning of the CODP and the de-
termination of the level of postponement [31]; Liu et al.
proposed the optimal decision model of customer of CODP
for order insertion scheduling in the logistics service supply
chain [13], research on multiple CODP, for instance. In
order to adapt to the dynamic environment, Wang and Chen
proposed a multi-CODP positioning and adjustment system
[21]. Shidpour et al. studied the impact of single CODP and
multiple CODPs on product diversity based on enterprise
profit and customer perceived value under service time
constraint [32]; Cannas et al. assessed the potential impact of
a unique two-dimensional customer order decoupling point
framework and evaluated the managerial approaches
employed in different decoupling configurations [33].

With the development of the service supply chain, more
and more scholars begin to pay attention to the positioning
of CODP in the service supply chain. For example, Wang
et al. proposed a joint optimization model considering both
order allocation and CODP positioning under the mode of
mass customization of logistics services [28]. Guo et al.
proposed a Formulation-Exploration method to make de-
cisions on CODP positioning and improve the supply chain
to support mass customization [34]. Liu proposed a de-
termination method of optimal customization degree of the
logistics service supply chain with mass customization
service [35].

From the above literature review, it is not difficult to find
that there are few research studies on the positioning of
CODP in the service industry, and the positioning methods
of CODP are mostly quantitative or qualitative. However,
the research on the combination of quantitative research and
qualitative research to determine the optimal CODP loca-
tion is still rare.

3. Model Description and Model Assumptions

After receiving orders from product demanders, customer
enterprises outsource their logistics tasks (including trans-
portation, labelling, assembly, and distribution) to the LSI.
/e first step for the LSI is to analyze the features of this
logistics order and the customized requirements of the
customer enterprises, break down complex tasks into N
sequential subprocedures, and then assign those sub-
procedures to the appropriate FLSPs. In other words, the
entire logistics task will be completed by the LSI and many
FLSPs. /e LSIs will price logistics service according to the
degree of customization compared with standardized ser-
vice. /e customer enterprises not only propose customized
requirements but also set high requirements for service
flexibility and reliability, i.e., the higher the logistics service
quality is, the more satisfied the customers are. In addition,
customer enterprises desire a lead time close to the time
interval that they preset instead of the shortest delivery time.

Our aim is to find an optimal CODP (the position of the
CODP is denoted by k � i or ki), all of the subprocedures
before the CODPwill implement a mass service strategy, and
the subprocedures after the CODP will implement a cus-
tomized service strategy according to the customer’s
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requirements; thus, the LSI will maximize profits as well as
meet customers’ requirements under this mixed strategy.
/e logistics service supply chain structure under the mass
customization environment is shown in Figure 1.

To develop a model that is tractable, we shall assume that
as follows. /e parameters for our model and their de-
scription are shown in Table 1.

Assumption 1. Considering the scale effect, we assume that
the unit cost of every subprocedure could be denoted by
(1 − λ · tcin, qλh ∈ [0, 1)), and the scale effect coefficient is
bigger than 0 but no more than 1 in the mass service mode,
and the scale effect coefficient is equal to zero in the cus-
tomized service mode.

Assumption 2. Considering the scale effect, we assume that
the unit time of every subprocedure could be denoted by
(1 − λ)− 1 · ci, λ ∈ [0, 1), where the scale effect coefficient is
bigger than 0 but no more than 1 in the mass service mode,
and the scale effect coefficient is equal to zero in the cus-
tomized service mode.

Assumption 3. Assuming that the LSI provides two types of
products, i.e., standardized service products and customized
service products, the price of the former is constant, and the
price of customized service will increase with greater the
degree of customization.

Assumption 4. We assume that the degree of customization
is described by the position of the CODP. /e degree of
customization will decrease with the movement of CODP
from upstream of the supply chain to the downstream. We
further assume that the degree of customization is equal to 1
when the CODP is located at the first subprocedure, and the
degree of customization is equal to 0 when the CODP is
located at the last subprocedure.

Assumption 1 means that, for the same subprocedures,
the unit cost of a subprocedure in the mass service mode is
lower than their unit cost in the customized mode. As-
sumption 2 means that, for the same subroutine, the unit
time spent in the mass service model is more than the unit
time spent in the customized service model. In other words,
the service time is inversely associated with the service scales.

4. Model Building and Solving

In Section 4.1.1, we quantify the important indicators in the
model: the operation cost indexes and operation time in-
dexes; in Section 4.1.2, we determine the qualitative indi-
cators of logistics service quality evaluation and then use the
method of Fuzzy QFD to quantify these qualitative indi-
cators, which lays the foundation for the constraints of the
next step of the fuzzy programming model.

In Section 4.2, the objective function of the model is
constructed, and two fuzzy constraint sets are built: the high-
quality logistics service fuzzy set and the satisfactory delivery
time fuzzy set; then, on the basis of the objective function
and the fuzzy constrains, a fuzzy programming model for

CODP location in the LSSC is built. In Section 4.3, we
provide the solution method and the process for solving the
model under different conditions. /e overall proposed
procedure for positioning CODP is illustrated in Figure 2.

4.1. Quantitative Index

4.1.1. Quantitative Cost Index and Time Index. As men-
tioned earlier, the subprocedures before k (including the k

subprocedure) are implemented in the mass service mode,
and the subsequent subprocedures are implemented in the
customized mode, which means the total cost of the logistics
service consists of two parts: the cost of mass service and the
cost of customized service. According to Assumption 1, the
total cost of mass service is 

k
i�1(1 − λ) · ci · μ, the total cost

of customized service is 
N
i�k+1 ci · μ. /erefore, the total cost

can be expressed as follows:

C(k) � 
k

i�1
(1 − λ) · ci · μ + 

N

i�k+1
ci · μ. (1)

Similarly, the total time of all logistics services also
consist of two parts: the mass service time and the cus-
tomized service time. According to Assumption 2, the total
time of the mass service portion can be calculated as


k
i�1 (1 − λ)− 1 · ti. On the contrary, the scale effect has no

impact on the time of the customized service, i.e., λ� 0.
/erefore, the total time of the entire logistics service can be
expressed as follows:

T(k) � 

k

i�1
(1 − λ)

− 1
· ti + 

N

i�k+1
ti. (2)

Another important time index is the lead time, and we
use an interval number T � [Ts, Tl] to indicate the shortest
and longest lead time of a service order that can be accepted
by the customers. We use TE � 1/2(Ts + Tl) to refer to the
customer’s expected lead time, so the LSI lead time should be
closest to TE.

4.1.2. Quantitative Service Quality Index Using a Fuzzy
Quality Function Deployment (Fuzzy QFD) Approach.
Compared with the quantitative cost index and time index, it
is more complex to quantify service quality. We utilize the
Quality Function Deployment approach [11, 36–38] to
analyze our problems. In this section, we use a mixed
method and deliver qualitative insights based on semi-
structured interviews and quantitative insights based on
fuzzy QFD. /e evaluation information is obtained by
means of field visits and semistructured interviews with both
logistics experts and customers, and then the information
will be processed and filled into the house of quality (HOQ).
According to the following algorithm, we first determine the
ability factor and the quality factor and then calculate the
influence degree of the capability factor on the quality factor.
/en, combining the evaluation information about the lo-
gistics service ability when the LSI selects different CODPs,
we calculate the scores of the logistics service quality. Finally,
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these scores are entered into the logistics service quality
function constructed by this paper; thus, a more intuitive
and more acceptable result is obtained.

Based on the intensive study of the related theory and
previous work, we know that evaluating service quality is a
continuous process, which can be summarized in the fol-
lowing steps:

(i) Identify the quality factors of the logistics service
proposed by customers: “WHATs”

(ii) Assess and calculate the importance of every service
quality factor

(iii) Identify logistics service ability factors that affect
service quality: “HOWs”

(iv) Determine the relationship between the service
quality factors and the service ability factors

(v) Determine the influencing degree of every ability
factors on the overall service quality by matrix
calculation

(vi) Evaluate the performance of the LSI service when
the LSI selects different CODPs

(vii) Determine the service quality by means of HOQ,
and then we can utilize our service quality function
to obtain a more intuitive result to describe the
quality of the logistics service

By referring to a large number of related studies [39, 40],
we summarize the information on indexes into Table 2

Mass service
system

Customized
service systemCODP

LSI Customers
or retailers

FLSPs

Logistics
service
order

Order decomposition

Manufacturer
or wholesaler

Product demand

: Packing, labeling, assembling, transporting, stocking, distributing, etc

: Logistics
: Information flow

Figure 1: /e logistics service supply chain structure under the mass customization environment.

Table 1: Parameters for the CODP position model.

Notations Description
G(k) Gross profit when the CODP is k

P(k) Service price when the LSI sets the CODP at k

Ps Price of standardized service products
C(k) Total cost of order processing when the CODP is k

ci Unit cost of logistics service in the ith procedure
T(k) Delivery time, i.e., total service time when the CODP is k

ti Operation time of logistics service in the ith procedure
Q(k) Service quality when the CODP is k

Ts, Tl /e shortest and longest lead time of service orders that customers will accept, respectively
λ Scale effect coefficient
μ Amount of logistics service
i Serial number of subprocedures
ki CODP locates at the ith subprocedure

k
/e position of the CODP, k� 1, ... , i, ... , N, when, i≤ k, the ith subprocedure implements mass service; when i> k, ith

subprocedure implements customized service
k∗ /e optimal position of the CODP
N Total number of procedures
α Weight of logistics service quality
1 − α Weight of time index
β Weight of objective function
1 − β Weight of constraints
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(customer service quality requirements, i.e., service quality
factors, “WHATs”) and Table 3 (LSI service ability factors,
“HOWs”).

We obtained all of the above evaluating information by
means of semistructured interviews [40], and then we use
triangular fuzzy numbers to describe the information. For
example, during the interview phase, there are H cus-
tomers to answer the questions about the importance of
quality factors, another L customers or experts to assess
the degree of impact of the ability factor on the quality
factor, and M experts to evaluate the performance of the
LSI service ability that selects CODPs with different po-
sitions; all of the evaluation information should be de-
scribed by a 7-point linguistic rating scale, ranging from
VL (very low) to VH (very high). /e fuzzy scale is shown
in Table 4./e notations for Fuzzy QFD model are shown
in Table 5.

According to the context, we build a house of quality, as
shown in Figure 3. /e next step is to develop the quanti-
tative service quality index in terms of HOQ. /e steps for
this problem are as follows.

Step 1. Variable calculation.
First, we calculate the weight of the service quality factors

according to the average method based on H customers’
evaluation information. Similarly, we use the average
method to calculate the degree of impact of every ability
factor on every quality factor./e formula for the calculation
is as follows:

ωi �
1
H
⊗ 

H

h�1
ωih, i � 1, . . . , I,

eij �
1
L
⊗ 

L

l�1
eijl, i � 1, . . . , I; j � 1, . . . , J.

(3)

Step 2. Create matrixes.
/e matrixes for the LS quality factor weight and ca-

pacity factor are created, respectively, as follows, based on
the results of Step 1:

Positioning logistics service order decoupling point

Qualitative analysis Quantitative analysis

Customer requirements FLSPs’ abilities

R1, R2, R3, R4,
R5, R6, R7, R8

A1, A2, A3,
A4, A5

Fuzzy quality function deployment

�e function of logistics service quality

�e fuzzy set of the high-
quality service

�e fuzzy set of the
satisfactory delivery time

Fuzzy programming model

Symmetric fuzzy
programming model

Unsymmetric fuzzy
programming model

Sensitivity analysis

Figure 2: /e proposed positioning CODP procedure.

Table 2: Customer service quality factors: WHATs.

Service quality
requirements Description

Accuracy (R1) Avoidance of mistakes and damages in order delivered
Organization accessibility
(R2)

Customer’s opportunity to establish a contact with the LSI’s staff

Flexibility (R3) Capability to modify orders in terms of due date and quantity when required by customers
Reliability (R4) Capability to deliver an order within the due date
Regularity (R5) /e dispersion around the mean value of the delivered lead time
Complaints management
(R6)

Process following the recognition of some errors in the service provided, which allows service quality
standards to be re-established

Frequency (R7) Number of deliveries accomplished in a given time period
Reasonable price (R8) /e acceptable price that customers are willing to pay
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Ω � ω1, . . . , ωi, . . . ωI( ,

C � c1, . . . , cj, . . . , cJ ,

E � E1, . . . , Ej, . . . , EJ  �

e11 . . . e1j . . . e1J

⋮ ⋱ ⋮ ⋱ ⋮

ei1 · · · eij · · · eiJ

⋮ ⋱ ⋮ ⋱ ⋮

eI1 . . . eIj . . . eIJ

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

,

Ej � e1j, . . . , eij, . . . , eIj 
T
.

(4)

Step 3. Matrix calculation.

Table 3: MC logistics service abilities: HOWs.

Service abilities Description

Information technology (A1)
Sharing information in a timely manner, tracking logistics information, timely communication with

customers, etc
Process optimization capability
(A2)

/e ability to integrate and optimize logistics business processes

Logistics network service
ability (A3)

/e logistics network formed by different logistics nodes and logistics channels leading to different service
abilities, which can be measured by the scale of the logistics network, coverage areas, etc

Facility integration capability
(A4)

/e capability to integrate facilities in logistics nodes and the logistics network

Emergency service capacity
(A5)

Ability to adjust to changes in consumer demand, emergency events, and incidents

Table 4: Linguistic judgments and corresponding fuzzy numbers.

Judgement Triangular fuzzy number
Very low (0, 0, 1.5)

Low (0, 1.5, 3)

Medium low (1.5, 3, 4.5)

Medium (3, 4.5, 6)

Medium high (4.5, 6, 7.5)

High (7.5, 9, 10)

Very high (9, 10, 10)

Table 5: Notations for Fuzzy QFD model.

Notations Description
Qi Logistics service quality index
ωi Weight of Qi

ωih /e evaluation of the weight of the ith service quality index by the hth expert or customer
cj jth logistics services capability of the LSI
E Correlation matrix
eij /e impact of the jth service capability on the ith service quality
i Serial number of the logistics service quality index
I Numbers of logistics service quality indexes
j Serial number of the logistics service technology and capacity index
J Numbers of the logistics service technology and capacity indexes
H /e number of customers involved in evaluating the quality factor weights
L /e number of experts involved in the evaluation of the impact factors on quality factors
M /e number of experts involved in the evaluation of logistics services capabilities when selecting different CODPs
Y(k) Comprehensive evaluation of service quality based on logistics service abilities
Q(Y) /e function of logistics service quality

Technical and capacity requirements

Correlation matrix

QI

Qi

Q1

Weight
matrix: Ω

eIj~

~c1

Ω⊗EJΩ⊗EjΩ⊗E1

Technology and
capacity matrix

ω1
~

ωI
~

ωi
~

fJ
~
eIJ
~

eiJ~

e1J~
cJ~cj~

e1j~

eij~

fj
~f1

~
eI1
~

ei1~

e11
~

Figure 3: House of quality.
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In this step, we need to calculate the influence degree of
every ability factors on the overall service quality: fj, all the
fj constitute a matrix vector F:

fj �
1
I
⊗Ω⊗Ej �

1
I
⊗ ω1, . . . , ωi, . . . ωI( ⊗ e1j, . . . , eij, . . . , eIj 

T
,

F �
1
I
⊗Ω⊗E � f1, . . . , fj, . . . , fJ .

(5)

Step 4. Calculation of logistics service quality.
According to the above three steps, we know the in-

fluence degree of every ability factor on the overall service
quality, so we can calculate the logistics service quality as
long as we evaluate the LSI service ability under the con-
dition that different CODPs are selected. Supposing there
areM logistics experts, Rjkm is the evaluation for jth logistics
service ability by the mth logistics expert when the CODP
locates at k; then, we can calculate the overall evaluation for
every logistics service ability when selecting different CODPs
according to the average method based on M experts
evaluating information, Rjk. /e formula for the calculation
is as follows:

Rjk �
1

M
⊗ 

M

m�1

Rjkm, j � 1, . . . , J; k � 1, . . . , N. (6)

Once Rjk has been computed, the overall service quality
can finally be determined as formulation (7). Since both Rjk

and fj are triangular fuzzy numbers, the results of their
multiplication operations are also fuzzy numbers, so we
convert those fuzzy numbers into real numbers to make the
results more intuitive. Let A � (a, b, c) be a triangular fuzzy
number, using the formulation A � (a + 2b + c)/4 to con-
vert A � (a, b, c) to an exact value:

Y(k) �
1
J
⊗ 

J

j�1

Rjk ⊗ fj , k � 1, . . . , N. (7)

When we chose different scoring standards, such as the
centesimal system or the 10-point system, the results of
formulation (7) will be different. To make results much
easier to read and understand, we conduct a logistics service
quality evaluating function as formulation (8). Obviously,
the larger the value of the function, the higher the service
quality is. More specifically, as the value of the function is
closer to 1 than 0, the service quality is increasingly im-
proving. /e logistics service quality evaluating function is
shown as formulation (5):

Q(Y) � 1 + e
− a·(Y− b)

 
−1

, a> 0, b> 0. (8)

In this function, the values of a and b depend on the
value of Y, and the value of Y is closely related to the scoring
criteria. More specifically, when all of the evaluations for the
abilities are the worst, we obtain the minimum value of Y

(denoted as Ymin). Similarly, we obtain the maximum value
of Y (denoted as Ymax) when all of the evaluations for the

abilities are the best. /en, evenly map the interval number
[Ymin, Ymax] to [0, 1] through the service quality function. In
formulation (8), we set b � (Ymax + Ymin)/2, and the proper
value of a is calculated by an undetermined coefficient
method.

4.2. Model Building. /e objective function is to maximize
total profit of the LSI when they implement the MC service
mode. In this model, we use the difference between service
price and total costs to indicate the profit of the LSI.

According to Assumption 4, we set the function of the
degree of customization as

D(k) �
1

1 − N
· k +

N

N − 1
, k � 1, . . . , N. (9)

Obviously, 1/1 − N< 0, the degree of customization
function is monotonically decreasing ink. D(k) � 1, when
k � 1; D(k) � 0, when k � N; 0<D(k) � N − k/N − 1< 1,
when 1< k<N. /erefore, D(k) ∈ [0, 1].

According to Assumption 3, we set the service price
function as

P(k) � Ps · 1 +
1

N(1 − λ)
D(k) , k � 1, . . . , N. (10)

In formulation (10), D(k) is the increased proportion of
service price according to the degree of customization,
1/1 − λ is the price compensation caused by sacrificing the
scale effect, 1/N is an adjustment coefficient designed to curb
excessive price, and Ps is the price of standardized service
and the value of Ps is decided by the LSI based on cost
pricing. /e formulation of Ps is as follows:

Ps � C(N) · (1 + r) � 

N

i�1
(1 − λ)ci · μ · (1 + r). (11)

Formula (10) means the higher the degree of custom-
ization is, the higher the price of LSI service is. When the
customization levels tend to be 0, the price of logistics service
is close to Ps. In formula (11), C(N) � 

N
i�1(1 − λ)ci · μ

refers to the total cost for the LSI when the CODP is located
at the last subprocedure; in other words, C(N) is the cost
that the LSI implements for a complete large-scale logistics
service. r is the target profit margin when the LSI provides
mass service./erefore, the objective function can be written
as follows:

maxG(k) �P(k) − C(k) � Ps · 1 +
1

N(1 − λ)
D(k) 

− 
k

i�1
(1 − λ)ciμ − 

N

i�k+1
ciμ, k � 1, . . . , N.

(12)

To highlight the importance of lead time as well as
reflect this new requirement for the time constraint, this
paper separates lead time from other service evaluation
indicators and sets it as an independent constraint con-
dition. /erefore, there are two main constraints for this
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programming: the service quality constraint and the lead
time constraint.

On the one hand, customers pursue high-quality service,
which means the higher the service quality, the higher the
customer satisfaction and loyalty; however, different posi-
tions of CODPs will lead to differentiated logistics service
quality. We use a fuzzy set A(Q) to denote “High-quality of
service;” its membership function is as formula (13), and its
corresponding function curve is Figure 4. A(Q) is the
possibility that the logistics service provided by the LSI is
“high-quality service” when the decoupling point is located
at k; it can also be understood as customer satisfaction with
service quality when the CODP is located at the k
subprocedure:

A(Q) �

0, 0≤Q≤ 0.2,

(Q − 0.6)
2

0.32
, 0.2≤Q< 0.6,

1 −
(Q − 0.9)

2

0.18
, 0.6≤Q< 0.9,

1, 0.9≤Q≤ 1.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(13)

On the other hand, the LSI’s delivery time should be
close to the customer’s expected lead time. We use fuzzy set
B to indicate this constraint, and the membership function
of B can be described as formula (14). /e graph of its
membership function (it can also be understood as the time
satisfaction function) is shown in Figure 5. B(T) is the
possibility that the LSI’s lead time is close to the customer’s
expected lead time when the decoupling point is located at k:

B(T) �

1 +
T(k) − TE( 

2

TE

 

− 1

, Ts ≤T(k)≤Tl,

0, T(k)<Ts orT(k)>Tl.

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(14)

Except the constraints mentioned above, k should not be
equal to 1 or N, since it means the LSI provides completely
customized service, and when k � 1, k � N means the LSI
provides completely standardized service, all of which are
inconsistent with the background of our model.

To summarize, the CODP position model for a single
service order is constructed as follows:

maxG(k) � P(k) − C(k) � Ps · 1 +
1

N(1 − λ)
D(k)  − 

k

i�1
(1 − λ)ciμ − 

N

i�k+1
ciμ,

s.t.

Q(k) ∈A,

T(k) ∈B,

1< k<N.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(15)

4.3. Model Solution. Before solving the model, the relative
importance of the objective function and constraints need
to be defined first. For LSIs, if they regard maximizing
profits and customer requirements (including quality re-
quirements and delivery time requirements) as equally
important, namely, the objective function and constraints
are equally important; then, this model is a symmetric fuzzy
programming model. If the LSI places more weight on
maximizing profits, or conversely, they attach more im-
portance to customer requirements, namely, the objective
function and constraints are not equally important; then,
the model is a unsymmetric fuzzy programming model. In
this section, the solution of these two cases is given by
referring to [41].

4.3.1. Symmetric Fuzzy Programming Model. /emodel is a
symmetric fuzzy programming model when the LSI

considers the objective function and constraints as equally
important. Since G(k) is a discrete function and k is a finite
integer, there must be a maximum G(k) and a minimum
G(k). /erefore, we introduced a fuzzy set MG to solve the
above fuzzy programming model, and its membership
function can be written as follows:

MG(k) �
G(k) − mint∈NG(t)

maxt∈NG(t) − mint∈NG(t)
, k � 1, . . . , N.

(16)

Obviously, ifG reaches the maximum at k1, MG(k1) � 1.
If G obtains a minimum value at k2, MG(k2) � 0. If G is
neither maximum nor minimum at k, MGk∈(0,1). /ere-
fore, MG(k) can be considered as the degree (or possibility)
that G(k) reaches the maximum at k, for ∀k ∈ N∗. In this
view, the original model can be rewritten as
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maxy � MG(k),

s.t.

Q(k) ∈ A,

T(k) ∈B,

0< k<N.

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(17)

Let Aα,
Bβ be the α−cut set of A and the β− cut set of B,

respectively. Clearly, the process of finding the maximum of
G(k) on Aα and Bβ is equivalent to searching for the k∗ that
meets the following condition:

MG k
∗

(  � max
k∈Aα ,k∈Bβ

MG(k).
(18)

Based on this, we transform model (17) into

maxy � MG(k),

s.t.
Q(k) ∈ Aα,

T(k) ∈ Bβ,

1< k<N.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(19)

Model (19) transforms the fuzzy constraints A and B into
the deterministic constraints, and those deterministic con-
straints depend on the value of α− and β−. In other words,
the solution of the above model must depend on the value of
α and β.

A synthetic constraint fuzzy set is introduced to indicate
all constraints. /e expression of this synthetic constraint
will change according to the preferences of different cus-
tomers. Without loss of generosity, let α� β, and the solution
of model is recorded as k(α), and k(α) is a special k that
causes Gk to reach the maximum at the α-level, where αϵ0,1
can be explained as the possibility (or guaranteeing rate) that
G(k) reaches the maximum under the fuzzy constrains:

S(k) � h(A(k), B(k)) � ω1 ⊗ A(k) + ω2 ⊗ B(k),

0≤ω1,ω2 ≤ 1,ω1 + ω2 � 1.
(20)

To solve model (19), we first analyze the general property
of MG(k) and give the definition of absolutely optimal level.
Let α1, α2 ∈(0, 1] and k(α1) and k(α2) are the solutions of
the model at the α1 and α2 level, respectively. /en,

α1 < α2⟹ Sα2⊆Sα1⟹MG k α2( ( ≤MG k α1( ( . (21)

Formula (21) means MG(k(α)) is a nonincreasing
function of α.

Definition 1. If there exist a α∗ ∈ (0, 1), whenα> α∗,
MG(k(α∗))>MG(k(α)), and when 0< α< α∗,
MG(k(α∗)) � MG(k(α)); then, α∗ is described as the ab-
solutely optimal level under the fuzzy constraint condition
S(k), and its geometric description is shown as Figure 6.

Since MG(k(α)) is a nonincreasing function of α,
MG(k(α))>MG(k(1)) is always true for any α∗ ∈(0, 1],
namely, MG(k(α)) ∈ [MG(k(1)), MG(k(α∗))], ∀α ∈(0, 1].
/at means the possibility that MG � MG(k(1)) is 1, but the
value of MG(k(1)) is relatively small. On the other hand, the
possibility that MG � MG(k(α∗)) is α∗, and it is impossible
for MG to reach a value that is larger than MG(k(α∗)), but
α∗ ∈(0, 1] is relatively small, which indicates that it is risky
for the decision maker to get the maximal value (i.e.,
MG(k(α∗)). /erefore, it is of great importance for the
decision maker to choose an appropriate α∗ ∈(0, 1], making
MG reach a relatively satisfactory large value in the case of
low risk.

According to the above analysis, we give the definition of
the optimized point of the model.

Definition 2. Let constraint condition S(k) and objective
MG be the fuzzy sets in N∗, if

MG k
∗

( ∧S k
∗

(  � max
k∈N∗

MG(k)∧S(k)( . (22)

/en, we call k∗ the optimized point and call G(k∗) the
optimal value under the fuzzy constraint condition S(k)，
where N∗ is the universe of discourse.

4.3.2. Unsymmetric Fuzzy Programming Model. If the LSI
pays different attention to the profit target and customer’s
request, it can express the different preference by setting
different weight values to the objective function and the
constraint condition, and themodel is an unsymmetric fuzzy
programming model.

Ts TE Tl

1

B(T)

0 T

Figure 5: Fuzzy set B’s membership function.

0 0.6 1

1

A(Q)

Q0.2 0.9

0.5

Figure 4: /e membership function of fuzzy set A.
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Based on Section 4.3.1, introducing the fuzzy set
U � βMG + (1 − β)S, 0≤ β≤ 1, ∀k ∈ N, where β is the
weight of the objective function and1 − β is the weight of the
constraint. /e greater the β, the greater the LSI’s attention
to its short-term profit levels. Conversely, the LSI pays more
attention to customer experience and customer satisfaction.

If k∗ ∈ N, subjected to U(k∗) � maxk∈N
U(k), then k∗ is

the optimal point amongN and G(k∗) is regarded as the best
value.

5. Numerical Study

In this section, at first, the reliability of the model is proven
through a numerical case; then, the effect on the outcome is
observed when some parameters are changed by the sen-
sitivity analysis. Finally, some important conclusions are
obtained through the analysis of the results.

5.1. A Case Study. A LSI receives a logistics order from a
customer enterprise, and the quantity of goods is μ � 100.
After the analysis, it is found that the order can be divided
into 8 service subprocedures. /e LSI matches these sub-
procedures to the appropriate FLSPs./e unit operating cost
of each subroutine (ci) and the operating time (ti) are shown
in Table 6. /e target profit margin is equal to 0.2 when the
LSI provides standardized service, and the scale effect co-
efficient (λ) is equal to 0.1./e customer expectation delivery
time is not less than 132 hours and is not more than 156
hours; the most suitable delivery time is 144 hours.

To enhance customer satisfaction, the LSI invited 5
customers to score the 8 service quality indicators men-
tioned above to determine the importance of those indi-
cators, and three experts were asked to score the impact of
the LSI’s 5 logistics capabilities on the 8 services quality
indicators. In addition, three experts were asked to score the
logistics capabilities of the LSI when the LSI selected dif-
ferent CODPs, see Appendix for the specific scoring. Now,
we need to determine a suitable decoupling point location to
maximize the profit of the LSI as much as possible to meet
the customer’s requirements.

According to Table 6 and formulations (1), (2), and (12),
we could calculate the total cost, total time, and gross profit
when the LSI selects different CODPs. /e results are shown
in Table 7.

Based on the fuzzy QFD model and Appendix , we could
obtain the score of the overall level of the logistics service
quality. In this numerical case, we set the logistics service
quality function as Q(Y) � [1 + e− 0.02(Y− 220)]−1, and its
function image is shown in Figure 7, and the results are
shown in Table 8.

From Table 8, we can clearly see that there are obvious
differences in the logistics service quality when the LSI
selects different CODPs. Among them, when k � 6, the
logistics service quality is the best. When k � 1 or k � 2, the
logistics service quality is obviously poorer.

/emembership function image of A and B are shown as
Figures 8 and 9, respectively. According to Tables 7 and 8
and formulations (10) and (11), we could calculate the
membership of k∗ ∈ A, k∗ ∈ B when k∗ is equal to different
value, respectively. Let the fuzzy set S(k) � 0.5⊗ A + 0.5⊗ B

express synthetic constraints and calculate the membership
of S. According to Table 7 and formulation (16), we could
calculate the membership of k∗ ∈ MG. All of the above
calculation results are shown in Table 9.

Consider the first case, namely, finding the optimal
CODP when the objective function and constraints are
equally important. According to model (21), the results are
shown in Table 10.

Based on Table 9 we know, when MG(k(α∗)) � 1, the
absolutely optimal level α∗ is equal to 0.2446 under the
synthetic constraint; in this case, k(α∗) � 1. In other words,
when the profit reaches the maximum under the condition
of the comprehensive fuzzy constraint, the position of the
CODP is in the first subprocedure, but the guarantee rate is
only 0.2446. Because k≠1 and k≠N, we can only choose the
second largest MG (MG � 0.867526); therefore,
α∗ � 0.2551, k(α∗) � 2.

Utilizing model (22),

MG(k)∩ S �
0.2246

k1
+
0.2551

k2
+
0.607

k3
+
0.55
k4

+
0.3749

k5
+
0.2488

k6
+
0.1
k7

+
0
k8

.

(23)

According to the maximum principle of membership
degree, to maximize the profits of LSI in the case of com-
prehensive constraints, then we should select the 3rd sub-
procedure as the position of CODP, namely,
α∗ � 0.607, k(α∗) � 3.

From the above results, it is not difficult to find that when
k� 3, and the LSI can neither make the most profit nor
maximize the customer satisfaction, but under the fuzzy
programming model, the decision maker can make a trade-
off between the profit goal and customer satisfaction,
namely, considering profit and customer satisfaction; we
consider k� 3 as the optimal decoupling point.

k(1) k(α∗) k

S(k)

MG(k(α∗))

MG(k(1))

S(k) MG(k)
α = 1

O

α∗

Figure 6: Absolutely optimal level.
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5.2. Sensitivity Analysis. In Section 5.1, we assume that the
objective function and the constraint condition are equally
important; in the following section, we discuss the change of
the optimal decoupling point with the change of some
parameters when the objective function and the constraints
are unequally important. By observing the form of the
objective function, we can see that when the position of the
CODP moves downstream, both P(k) and C(k) are
monotonically decreasing. If P(k) decreased faster than
C(k) (denoted as the pricing strategy of 1), then the profit
function G(k) is monotonically decreasing, if P(k) de-
creased slower than C(k) (denoted as pricing strategy 2),
then the profit function G(k) is monotonically increasing.
/e impact of the scale effect coefficient and the objective

function weight coefficient on the CODP position will be
discussed in the following two cases.

5.2.1. Sensitivity Analysis of λ and Β under the Pricing
Strategy of 1. If we change the pricing function to P(k) �

Ps · [1 + 1/1 − λ · D(k)] to meet the requirements of pricing
strategy 1, the profit function is monotonically decreasing.
Consider the first case, when the scale effect coefficient is
equal to 0.2 (λ� 0.2), observing the impact of β on the
position of the CODP. Based on Section 4 and the data of
Section 5.1, we observe the change of the CODP position
when β takes different values. /e results are shown in
Figure 10.

Table 6: /e unit cost and time of every service procedures.

i 1 2 3 4 5 6 7 8
Cost (ci) 96 77 45 88 60 80 70 90
Time (ti) 19 13 15 15 18 16 14 17

Table 7: Calculation results of total cost, total time, and gross profit.

k � 1 k � 2 k � 3 k � 4 k � 5 k � 6 k � 7 k � 8
Total cost 59640 58870 58420 57540 56940 56140 55440 54540
Total time 129.1111 130.5556 132.2222 133.8889 135.8889 137.6667 139.2222 141.1111
Gross profit 14898 14369.43 13520.86 13102.29 12403.71 11905.14 11306.57 10908

0 50 100 150 200 250 300 350 400 450
0

0.1
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0.9

1

Figure 7: Logistics service quality function.

Table 8: Calculation results of logistics service quality.

CODP Service quality described by fuzzy
numbers

Service quality described by real
numbers

/e value of logistics quality function
service

k � 1 (116.96, 235.64, 376.22) 241.12 0.5102
k � 2 (106.37, 232.43, 386.26) 239.37 0.4892
k � 3 (109, 240.87, 435.29) 256.51 0.7046
k � 4 (134.63, 268.47, 429.33) 275.22 0.8768
k � 5 (141.32, 267.72, 427.21) 279.7 0.9024
k � 6 (131.91, 275.45, 456.4) 284.80 0.9267
k � 7 (138.41, 266.72, 415.11) 271.74 0.8539
k � 8 (146.55, 261.62, 397.5) 266.82 0.8166

12 Discrete Dynamics in Nature and Society



0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

M
em

be
rs

hi
p

135 140 145 150 155 160130
Delivery time

Figure 9: B’s membership function.

Table 9: /e membership of MG, A, B, and S.

k k1 k2 k3 k4 k5 k6 k7 k8

MG 1 0.867526 0.654851 0.549946 0.374866 0.24991 0.099893 0
A 0.4892 0.5102 0.7046 0.8768 0.9024 0.9267 0.8539 0.8166
B 0 0 0.509345 0.584808 0.6864 0.782136 0.863169 0.945219
S 0.2446 0.2551 0.606972 0.730804 0.7944 0.854418 0.858534 0.880909
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Figure 8: A’s membership function.

Table 10: Absolutely optimal level.

α Sα k(α) MG(k(α))

0.8< α≤ 1 k6, k7, k8 k6 0.25
0.7< α≤ 0.8 k4, k5, k6, k7, k8 k4 055
0.6< α≤ 0.7 k3, k4, k5, k6, k7, k8 k3 061
0.2< α≤ 0.6 k1, k2, k3, k4, k5, k6, k7, k8 k1 1
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As shown above, in this case, as the β increases, the CODP
moves upstream. /is means that the LSI, in the pursuit of
higher returns, will tend to ignore the needs of customers,
which will enhance the level of LSI profits in the short term,
but in the long term, poor quality of service or unsatisfactory
delivery time will reduce customer satisfaction and affect the
partnerships between the enterprise and the customers.

Considering the second case, namely, when β is constant,
we observe the change of the position of the optimal CODP
caused by the change of λ. Since the value of β will affect the
LSI’s decision, we observe the impact of λ on the results
when β� 0.3 (i.e., the LSI focuses more on customer needs)
and β� 0.7 (i.e., LSI pays more attention to current
earnings).

When β� 0.3, the position change of the optimal CODP
is recorded in the process of λ rising from 0.12 to 0.26. Using
the numerical examples in Section 5.1, calculate the position
of the CODP when λ takes different values. /e results are
shown in Figure 11.

As shown in Figure 11, when β� 0.3, the position of the
optimal CODP will move upstream with the increase of λ.
/is occurs because the closer the decoupling point is to the

downstream, the longer the delivery time, resulting in a
decrease in time satisfaction. /e bigger the λ, the faster the
rate of time satisfaction drops, and thus, the CODP has the
power to move upstream.

When β� 0.7, to repeat the above steps and observe the
position change of the CODP, we found that the optimal
CODP is always located in the 2nd subprocedure. In this
case, the LSI pays more attention to its income level. Since
the change of λ will only change the size of earnings and will
not change the variation trend of income, the LSI tends to
locate the CODP in a higher income position. Figure 12
shows the change of LSI earnings in the process of CODP
movement from upstream to downstream when the value of
λ is different.

5.2.2. Sensitivity Analysis of λ and Β under the Pricing
Strategy of 2. If we change the pricing function to P(k) �

Ps · [1 + 1/16(1 − λ) · D(k)] to meet the requirements of
pricing strategy 2, the profit function is monotonically in-
creasing, analysing the impact of λ and β on the position of
the CODP. Similarly, we still divided it into two cases and
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Figure 10: Optimal CODP when different β values are taken.
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Figure 11: /e optimal CODP when λ changes from 0.12 to 0.26.
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Figure 14: /e optimal CODP when λ changes from 0.12 to 0.26.
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discussed them separately; the first case is observing the
impact of β on the position of the CODP when the scale
effect coefficient is constant (set λ� 0.2).

As shown in Figure 13, when λ� 0.2, the CODP moves
downstream with the increasing of β. A greater βmeans that
the LSI is more concerned about the current level of income,
and in this case, the level of earnings will increase as the
decoupling points move downstream, so the movement of
the CODP will show the trend in the graph above.

Consider the second case, namely, when β is constant,
observing the change of the optimal CODP position caused
by the change of λ. Similarly, the value of β will influence the
LSI’s decision. /erefore, we observe, respectively, the im-
pact of λ on the results when β � 0.3 and β � 0.7. When
β � 0.3, observing the change of the CODP position with λ
rising from 0.12 to 0.26, the results are shown in Figure 14.

As shown in Figure 14, when β � 0.3, the CODP moved
upstream with the increasing of λ. β � 0.3 means that the LSI

Table 11: Customer scoring information on the relative importance of the 8 service quality indicators.

Service quality factors
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

Importance
judgment by
linguistic rating
scale

h1 H VH MH H MH MH H MH
h2 VH VH H MH H H H MH
h3 H H MH H MH H H MH
h4 VH VH MH H MH VH H H
h5 MH MH H H VH MH MH H

Importance
described by fuzzy
numbers

h1 (7.5, 9, 10) (9, 10, 10) (4.5, 6, 7.5) (7.5, 9, 10) (4.5, 6, 7.5) (4.5, 6, 7.5) (7.5, 9, 10) (4.5, 6, 7.5)
h2 (9, 10, 10) (9, 10, 10) (7.5, 9, 10) (4.5, 6, 7.5) (7.5, 9, 10) (7.5, 9, 10) (7.5, 9, 10) (4.5, 6, 7.5)
h3 (7.5, 9, 10) (7.5, 9, 10) (4.5, 6, 7.5) (7.5, 9, 10) (4.5, 6, 7.5) (7.5, 9, 10) (7.5, 9, 10) (4.5, 6, 7.5)
h4 (9, 10, 10) (9, 10, 10) (4.5, 6, 7.5) (7.5, 9, 10) (4.5, 6, 7.5) (9, 10, 10) (7.5, 9, 10) (7.5, 9, 10)
h5 (4.5, 6, 7.5) (4.5, 6, 7.5) (7.5, 9, 10) (7.5, 9, 10) (9, 10, 10) (4.5, 6, 7.5) (4.5, 6, 7.5) (7.5, 9, 10)

Relative
importance
of service quality
factors: Wi

(7.5, 8.8, 9.5) (7.8, 9, 9.5) (6, 7.4, 8.5) (7.2, 8.6, 9.5) (6, 7.4, 8.5) (6.6, 8, 9) (6.9, 8.4, 9.5) (5.7, 7.2, 8.5)

Table 12: /e impact of various logistics service capabilities on different service quality indicators: scoring by the expert judgment method.

A1 A2 A3 A4 A5

C1 C2 C3 C1 C2 C3 C1 C2 C3 C1 C2 C3 C1 C2 C3

Q1 VH H H M M MH M ML M H M MH ML M M
Q2 VH H VH MH MH M L VL VL ML VL L L L ML
Q3 MH M M H H H MH H H M M ML VH VH VH
Q4 M M M VH H VH H VH MH MH VH H M ML ML
Q5 H H MH H H MH M M M M M MH ML M M
Q6 MH MH H ML L L L ML ML ML VL L ML ML L
Q7 L L ML MH MH H H MH MH MH H MH MH M M
Q8 ML ML ML MH H MH MH MH MH VH VH H VL VL L

Table 13: /e impact of various logistics service capabilities on different service quality indicators: described by fuzzy numbers.

A1 A2 A3 A4 A5

Q1 (8.5, 9.7, 10) (3, 4.5, 6) (2.5, 4, 5.5) (5, 6.5, 7.8) (2.5, 4, 5.5)

Q2 (8.5, 9.7, 10) (4, 5.5, 7) (0, 0.5, 2) (0.5, 1.5, 3) (0.5, 1.5, 3)

Q3 (3.5, 5, 6.5) (7.5, 9, 10) (6, 7.5, 8.7) (2.5, 4, 5.5) (9, 10, 10)

Q4 (3, 4.5, 6) (8.5, 9.7, 10) (7, 8.3, 9.2) (6, 7.5, 8.7) (2, 3.5, 5)

Q5 (6.5, 8, 9.2) (6.5, 8, 9.2) (3, 4.5, 6) (3.5, 5, 6.5) (2.5, 4, 5.5)

Q6 (5.5, 7, 8.3) (0.5, 2, 3.5) (1, 2.5, 4) (0.5, 1.5, 3) (1, 2.5, 4)

Q7 (0.5, 2, 3.5) (3.5, 5, 6.5) (5.5, 7, 8.3) (5.5, 7, 8.3) (3.5, 5, 6.5)

Q8 (1.5, 3, 4.5) (5.5, 7, 8.3) (4.5, 6, 7.5) (8.5, 9.7, 10) (0, 0.5, 2)

Table 14: /e impact of different service capabilities on overall service quality.

f1 f2 f3 f4 f5

(32, 50, 66) (31, 48, 63) (24, 40, 58) (26, 43, 60) (17, 32, 47)
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pays great attention to the customer’s quality of service and
delivery time (1 − β � 0.7). /e lead time will increase with
the rising of λ. To make the delivery time more in line with
the customer’s requirements, the LSI has to sacrifice short-
term earnings to maintain customer relationships so that
CODP moves upstream.

When β � 0.7, the optimal CODP always locates in the
7th subprocedure for any value of λ in interval [0.12, 026].
β � 0.7 means that LSI attaches great importance to the
current income, while it ignores the needs of the customer
enterprises. Under the price strategy of 2, the earning level of
the LSI will gradually increase as the CODP moves from
upstream to downstream, and the variation of λ will only
affect the value of earnings but will not change the trend.

6. Conclusions

/is paper constructs a fuzzy programming model based on
the fuzzy set of the high-quality service and the fuzzy set of
the satisfactory delivery time by means of combination of
qualitative analysis and quantitative analysis. Compared
with traditional deterministic programming models, we
consider the ambiguity of the requirements for service
quality and delivery time and use the fuzzy set theory to
describe the fuzziness, which makes the model closer to the
real situation. Under this model, decision makers can
consider more indicators to measure the logistics service
quality, and at the same time, the decision-making process is
more flexible, which can better reflect the subjective pref-
erences of decision makers. /e CODP positioning method
designed in this paper is helpful to the continuous im-
provement of service quality and sustainable development of
the logistics service supply chain.

/e research of this paper provides some useful per-
spectives for enterprise managers who provide logistics
services. First, the scale effect coefficient has a significant
effect on the position of the optimal CODP. /erefore,
enterprise managers should increase the scale effect as much
as possible within the scope of logistics service capabilities,
such as expanding the scope of services to obtain more
logistics orders, improving standardized operation capa-
bilities, strengthening staff training on standardized oper-
ation procedures, and scientifically using order delay
strategies to gather similar services types of orders.

Second, it is difficult to find a CODP that can maximize
the LSI profits and the customer satisfaction at the same
time. /erefore, business managers need to make a trade-off
during decision-making and decide if they are willing to
improve the short-term income level and ignore customer
satisfaction or maintain long-term cooperation with cus-
tomers at the expense of part of the proceeds.

Both the operation time of the mass service and the
operation time of the customized service are assumed to be
definite in this paper, and in reality, there often exist some
fluctuation in the operation time. /erefore, a possible
extension of the study includes considering the CODP
positioning problem in the case of fuzzy operation time of
the FLSPs.

Appendix

According to the scoring information of customers and ex-
perts for different indicators (as shown in Tables 11∼13), we
calculate the impact of different service capabilities on overall
service quality based on Section 4.2. procedures (the calcu-
lation results are shown in Table 14). According to the scoring

Table 15: LSI logistics service capability scoring information when decoupling points are in different positions: scoring by the expert
judgment method.

A1 A2 A3 A4 A5

e1 e2 e3 e1 e2 e3 e1 e2 e3 e1 e2 e3 e1 e2 e3

k � 1 VH H H M M M M L L VL VL L VH VH VH
k � 2 H H VH ML L ML ML ML ML ML VL L H H VH
k � 3 MH MH M M M M M M MH MH MH M MH H MH
k � 4 ML ML ML H H MH VH H H H H H ML M ML
k � 5 L L VL VH H H VH VH H VH H H VL ML L
k � 6 M M ML MH H H MH MH MH MH VH H MH H MH
k � 7 L VL VL VH VH H VH VH H VH VH H VL L L
k � 8 VL VL VL VH VH VH VH VH VH VH VH VH VL VL VL

Table 16: LSI logistics service capability scoring information when decoupling points are in different positions: described by fuzzy numbers.

A1 A2 A3 A4 A5

k � 1 (8.5, 9.7, 10) (3, 4.5, 6) (0, 1.5, 3) (0, 0, 1.5) (9, 10, 10)

k � 2 (8, 9.3, 10) (1, 2.5, 4) (1.5, 3, 4.5) (0.5, 2, 3.5) (8, 9.3, 10)

k � 3 (4, 5.5, 7) (3, 4, 5.6) (3.5, 5, 6.5) (4, 5.5, 7) (5.5, 7, 8.3)

k � 4 (1.5, 3, 4.5) (6, 7.5, 8.7) (8, 9.3, 10) (7.5, 7.5, 7.5) (2, 3.5, 5)

k � 5 (0, 1, 2.5) (9, 10, 10) (8.5, 9.7, 10) (8, 9.3, 10) (0.5, 1.5, 3)

k � 6 (2.5, 4, 5.5) (6.5, 8, 9.17) (4.5, 6, 7.5) (7.5, 8.3, 9.2) (3.5, 5, 6.5)

k � 7 (0, 0.5, 2) (8.5, 9.7, 10) (8.5, 9.7, 10) (8.5, 9.7, 10) (0, 1, 2.5)

k � 8 (0, 0, 1.5) (9, 10, 10) (9, 10, 10) (9, 10, 10) (0, 0, 1.5)
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information of experts for LSI’s service abilities when
selecting different CODP (scoring information are shown in
Tables 15 and 16), combining the data of Table 14, we can
calculate the value of logistics service quality under different
decoupling points, and the results are shown in Table 8.
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