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How to effectively configure the resources to maximize customer satisfaction is an important research topic in the service quality
evaluation.This paper proposes a service quality evaluation under fuzzy environmentmethod that takes customer satisfaction as the
goal and considers enterprise resource constraints and customer fuzzy evaluation information at the same time. In this method, we
first use expert Delphi method to get service elements and service items. Meanwhile, we design questionnaires to collect customer
language fuzzy evaluation information and use FHAHP model to calculate the relative weight vector of the service items. Second,
the customer is subdivided intomarket segmentation considering the customer total consumption and the service expectation value
using the Logit model. Next, the customer satisfaction of the service schemes is calculated considering the customer’s expectation of
the service schemes.Then, themaximum satisfaction of the customer group is calculated under the condition of enterprise resource
constraint. Finally, an example is used to illustrate the feasibility and effectiveness of the proposed method.

1. Introduction

To retain stability and competitiveness in such a global
dynamic market, service-oriented enterprises should focus
on the quality of service in order to achieve sustainable
development of its benefits. Service quality is consumers’
overall impression of the relative inferiority or superiority
of service-oriented enterprises [1], providing high-quality
service products for service-oriented enterprises to better
hold market share and gain greater profits [2]. Under the
condition of enterprise resource and cost constraint, it is very
important for the development of enterprises to maximize
satisfy customer needs and improve customer satisfaction.
Hallikas et al. posited that in a highly competitive environ-
ment service-oriented enterprises need to improve service
quality continuously for maintaining competitive advantage
[3]. It is vital to service-oriented enterprises growth by effec-
tively optimizing and assessing service programs to mitigate
the barriers [4]. Service quality evaluation will provide an
important basis for service quality improvement.

The issue of service quality evaluation has received
considerable attention from researchers and practitioners

during the past three decades. In the extant literature there are
a number of studies that deal with service quality evaluation,
which can be divided into two groups: one is the SERVPERF
model proposed by Cronin Jr. and Taylor [5]; another is
SERVQUAL (the service quality gapsmodel PZB gapmodel),
a well-known measure, proposed by Parasuraman et al.
[6]. The existing literature methods mainly focus on the
importance analysis of the service elements, service scheme
design and service system design, and service product quality
evaluation. However, the service quality evaluation based on
fuzzy environment is very little.

Moreover, service quality evaluation is a combination of
various attributes; it contains not only objective attributes
but also subjective attributes, many of which are intangible
and difficult to measure with numerical accuracy, which are
fuzzy information [7]. This paper proposes a novel method
for customer satisfaction service quality evaluation under
fuzzy environment. The remaining sections of the paper
are organized as follows: Section 2 reviews some of the
existing research results of the service quality evaluation.
Section 3 proposes a novel method for evaluating the service
quality under fuzzy environment. An illustrative example is
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given to demonstrate the use of the proposed method in
Section 4. Finally, the conclusion of this paper on the original
contributions and suggested future work is drawn.

2. Literature Review

The extent to which the quality of service meets the require-
ments of the customer, that is, customer satisfaction [8], is
the standard to measure the feasibility and quality of service
products. After service is provided, a positive or negative
reaction will emerge from customers getting that service
[9]. Therefore, good customer satisfaction can improve cus-
tomer loyalty and profitability and return on investment
and guarantee the business success in today’s competitive
world. In recent years, the quality evaluation research results
of customer satisfaction as the target are increasing, for
example, Mkpojiogu and Hashim [10], based on the KANO
model to analyze the relationship between customer need
and customer satisfaction, and then the customer satisfaction
is divided into customer satisfaction index (SI), average
satisfaction coefficient (ASC), and customer dissatisfaction
(DI). Through KANO model analysis customer satisfaction
variables (SI, DI, and ASC) are each associated with customer
need. George and Kumar explore service quality dimensions
in Internet Banking in the State of Kerala (India) and investi-
gate the effect of these dimensions on customer satisfaction,
that is, the impact of five dimensions of reliability, respon-
siveness, fulfillment, efficiency, and privacy and security on
customer satisfaction [1]. Chakraborty et al. [11] present an
innovative approach to customer satisfaction service quality
evaluation by applying Bayesian Networks, using a railway
transport case study customer satisfaction, which is a Key
Performance Indicator in public transport management.

Here are often some attributes that are difficult to quantify
with a single value in the service quality evaluation; for
example, it is difficult to quantify the freshness of food
with a single value. In recent years, many researchers have
introduced fuzzy values to service quality evaluation; for
example, Li et al. [12] proposed a hybrid approach based
on fuzzy AHP and 2-tuple fuzzy linguistic method to
evaluate in-flight service quality. The ratings of subcriteria
are assessed in linguistic values to express the qualitative
evaluation of passengers’ subjective opinions, and then the
linguistic values are transformed into 2-tuples and the 2-
tuple linguistic arithmetic mean operator is utilized to obtain
the average ratings of 100 respondents. Using the 2-tuple
linguistic weighted average operator to compute the aggre-
gated ratings of criteria and the overall in-flight service
quality of alternatives, Büyüközkan and Çifçi [13] proposed
the e-sq framework which is illustrated with a web service
performance example of healthcare sector in Turkey by using
a combined multiple criteria decision-making (MCDM)
methodology containing fuzzy analytic hierarchy process
(AHP) and fuzzy technique for order performance by simi-
larity to ideal solution (TOPSIS). Chou et al. [14] proposed a
fuzzy weighted SERVQUAL model for evaluating the airline
service quality. Liao and Kao propose a novel approach
to customer service management. For the improvement of

customer satisfaction, the method integrates quality function
development (QFD), fuzzy extended analytic hierarchy pro-
cess (FEAHP), andmultisegment goal programming (MSGP)
[15].

According to the above review, this paper proposes a
novel approach for customer satisfaction service quality
evaluation under fuzzy environment.

3. The Proposed Method

The service elements are the basic components of the service
quality evaluation, such as service facilities, service content,
and service flow, which can meet the customer need. The
customer need for the service can usually be divided into a
number of service elements; there may be multiple replace-
able service elements to meet customer need; these service
elements can constitute a service item (i.e., a set of service
elements that can be replaced with each other). Different
service elements have a different degree of satisfaction to
the customer’s needs, and the corresponding cost should be
different. Different service elements are optimized and com-
bined to constitute different service schemes. Considering
the service-oriented enterprise’s objectives and capabilities,
the quality of each service scheme is evaluated and the best
service scheme is selected [16], as shown in Figure 1.

3.1. Problem Description. This paper proposes a novel
approach for customer satisfaction service quality evalu-
ation under fuzzy environment. In this method, first of
all, the service items and service elements are obtained by
Delphi method, and a questionnaire survey is designed to
obtain the language evaluation information of the target
customers. Because the language evaluation information is
very vague, we use fuzzy extended analytic hierarchy process
(FEAHP) model to calculate the relative weight vector of
each service item. Then taking into account the effect of
customer behavior on customer satisfaction, the Logit model
is used to subdivide the customer market segmentation.
Next, the customer satisfaction degree of each service scheme
is calculated by considering the customer’s expectation of
the service schemes. On this basis, the customer maximum
satisfaction is calculated under the consideration of the
enterprise cost constraints. Finally, the service quality eval-
uation of China’s high-speed rail was selected as an example
to prove the feasibility and effectiveness of the proposed
method.

CN = {CN1,CN2, . . . ,CN𝑛}. This is a collection of customer
needs of service product, whereCN𝑡 denotes the 𝑡th customer
needs, 𝑡 = 1, 2, . . . , 𝑛.
SO = {SO1, SO2, . . . , SOℎ}. This is a collection of service
schemes, where SO𝑓 denotes the 𝑓th service schemes, 𝑓 =1, 2, . . . , ℎ.
𝑆𝑗 = {𝑆𝑗1, 𝑆𝑗2, . . . , 𝑆𝑗𝑘}. It is the collection of the 𝑗th service
items, where 𝑆𝑗𝑝 is the 𝑝th service elements in the 𝑗th service
items, 𝑗 = 1, 2, . . . , 𝑚, 𝑝 = 1, 2, . . . , 𝑘.
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Figure 1: Optimal service plan formation diagram.

𝑉 = {V1, V2, . . . , V𝑚}. It is the collection of the service
utility decision part of the service items, where V𝑗 is the
service utility decision part of the 𝑗th service items (𝑆𝑗), 𝑗 =1, 2, . . . , 𝑚. The service utility decision part is determined
by the relevant characteristics of serviceable elements, the
relevant characteristics of the customer, and other relevant
variables.

𝐸 = {𝑒1, 𝑒2, . . . , 𝑒𝑚}. This is the collection of service utility
randompart of the service items, where 𝑒𝑗 is the service utility
random part of the 𝑗th service items (𝑆𝑗), 𝑗 = 1, 2, . . . , 𝑚.
The difference between the total service utility and the service
utility decision part is service utility random part.

𝑅 = [𝑟𝑖𝑗]𝑛×𝑛. This is fuzzy judgment matrix, where 𝑟𝑖𝑗 denotes
that 𝑆𝑖 is more important than 𝑆𝑗, 𝑖 = 1, 2, . . . , 𝑚, 𝑗 =1, 2, . . . , 𝑚. In general, 𝑟𝑖𝑗 can be given directly by the expert
or service design team.

𝑍𝑑 = (𝑧𝑑1, 𝑧𝑑2, . . . , 𝑧𝑑𝑚)𝑇. It is the expected vector for each
service given by the 𝑑th customer, where 𝑧𝑑𝑗 denotes that
the 𝑑th customer gives the expected value for the 𝑗th service
items (𝑆𝑗). 𝑑 = 1, 2, . . . , 𝑟, 𝑗 = 1, 2, . . . , 𝑚.

𝐻𝑗 = (𝐻𝑗1, 𝐻𝑗2, . . . , 𝐻𝑗𝑚)𝑇. It is a collection of service
schemes for implementing service item 𝑆𝑗, where𝐻𝑗𝑝 denotes
the 𝑝th service schemes of implementing service item 𝑆𝑗.

The problem concerned in this paper is how to maximize
customer satisfaction, considering the cost constraints of the

enterprise. To solve the service quality evaluation problem
under fuzzy environment, we proposed a novel method for
service quality evaluation based on FEAHP and Logit model
which is presented graphically as shown in Figure 2.

Based on the framework for evaluating service quality, the
details of the proposed method are presented as follows.

3.2. Relative Weight of Service Items Based on FHAHP.
According to the survey, in the life, one customer needs often
one or more service items to be satisfied, and there may
be some connections between these multiple service items.
In this paper, the fuzzy extended analytic hierarchy process
(FHAHP) is used to determine the weight of service items.
The traditional service quality evaluation often adopts the
scoring method to collect customer evaluation information;
however, there are some uncertain attributes in real life, and it
is difficult to use a single value to evaluate the service quality.
If the attributes are singled out by the traditional single
scoringmethod, it will lead to the loss of customer evaluation
information and ultimately affect the accuracy of the service
quality evaluation. In order to effectively reduce the loss of
customer evaluation information, the fuzzy extension of the
analytic hierarchy processmakes the calculation of theweight
of the service item more reasonable [17, 18].

3.2.1. AHP Model of Service Quality. The AHP model of
service quality includes three levels: the target layer, the
guideline layer, and the factor layer. The target layer is to
measure the service quality of service schemes.The guideline
layer includes the service items that affect the service quality.
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Figure 2: The framework of the proposed method.

The factor layer includes the specific service elements con-
tained in each service item; it can be expressed in Figure 3.

3.2.2. Fuzzy Judgment Matrix Established
Based on the Fuzzy Numbers

(1) The Triangular Fuzzy Numbers [19, 20]. Let 𝑋 be a
universe of discourse; a fuzzy subset 𝑎 of 𝑋 is defined with
a membership function V𝑎(𝑥) that maps each element 𝑥 in 𝑎
to a real number in the interval [0, 1]. The function value of
V𝑎(𝑥) signifies the grade ofmembership of 𝑥 in 𝑎.When V𝑎(𝑥)
is large, its grade of membership of 𝑥 in 𝑎 is strong.

A triangular fuzzy number 𝑎 can be defined by a triplet(𝑎𝐿, 𝑎𝑀, 𝑎𝑅), 𝑎𝐿 ≤ 𝑎𝑀 ≤ 𝑎𝑅 (see Figure 4). Its membership
function V𝑎(𝑥) is defined as

V𝑎 (𝑥) =
{{{{{{{{{{{{{{{{{{{

0, 𝑥 < 𝑎𝐿,
𝑥 − 𝑎𝐿𝑎𝑀 − 𝑎𝐿 , 𝑎𝐿 ≤ 𝑥 ≤ 𝑎𝑀,
𝑎𝑅 − 𝑥𝑎𝑅 − 𝑎𝑀 , 𝑎𝑀 ≤ 𝑥 ≤ 𝑎𝑅,
0, 𝑥 > 𝑎𝑅,

(1)

where 𝑎𝐿, 𝑎𝑀, and 𝑎𝑅 are real numbers. When 𝑥 = 𝑎𝑀, the
grade of V𝑎(𝑥) is maximal; that is, V𝑎(𝑥) = 1, and it is the
most probable value of the evaluation data. Constants 𝑎𝐿 and𝑎𝑅 are the lower and upper bounds of the available range for
the evaluation data. These constants reflect the fuzziness of
the evaluation data, as shown in Figure 4.
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Figure 4: A triangular fuzzy number 𝑎.

Given two arbitrary triangular fuzzy numbers 𝑎1 =(𝑎𝐿1 , 𝑎𝑀1 , 𝑎𝑅1 ), 𝑎2 = (𝑎𝐿2 , 𝑎𝑀2 , 𝑎𝑅2 ) and any real number 𝜆, let⊕,⊝,⊗, and / denote the extended addition, subtraction, multipli-
cation, and division defined by the extension principle; thus
the five main operations of triangular fuzzy numbers can be
expressed as follows:

(i) 𝑎1 ⊕ 𝑎2 = (𝑎𝐿1 + 𝑎𝐿2 , 𝑎𝑀1 + 𝑎𝑀2 , 𝑎𝑅1 + 𝑎𝑅2 ), 𝑎𝐿1 > 0, 𝑎𝐿2 > 0.
(ii) 𝑎1 ⊝ 𝑎2 = (𝑎𝐿1 − 𝑎𝑅2 , 𝑎𝑀1 − 𝑎𝑀2 , 𝑎𝑅1 − 𝑎𝐿2 ), 𝑎𝐿1 ≥ 0, 𝑎𝐿2 ≥ 0.
(iii) 𝑎1 ⊗ 𝑎2 = (𝑎𝐿1𝑎𝐿2 , 𝑎𝑀1 𝑎𝑀2 , 𝑎𝑅1 𝑎𝑅2 ), 𝑎𝐿1 ≥ 0, 𝑎𝐿2 ≥ 0.
(iv) 𝑎1/𝑎2 = (𝑎𝐿1 /𝑎𝑅2 , 𝑎𝑀1 /𝑎𝑀2 , 𝑎𝑅1 /𝑎𝐿2 ), 𝑎𝐿1 > 0, 𝑎𝐿2 > 0.
(v) 𝜆 ⊗ 𝑎1 = (𝜆𝑎𝐿1 , 𝜆𝑎𝑀1 , 𝜆𝑎𝑅1 ), 𝑎𝐿1 ≥ 0, 𝜆 ≥ 0.

(2) Fuzzy Judgment Matrix Established. According to the
overall goal requirements, through the two comparisons of
services to obtain the fuzzy judgment matrix [21], the fuzzy
judgment matrix is expressed as

𝑅 = [𝑟𝑖𝑗]𝑚×𝑚 , 𝑖 = 1, 2, . . . , 𝑚, 𝑗 = 1, 2, . . . , 𝑚. (2)

Here, 𝑟𝑖𝑗 = (𝑎𝑖𝑗𝐿, 𝑎𝑖𝑗𝑀, 𝑎𝑖𝑗𝑅) is a triangular fuzzy number,𝑎𝑖𝑗𝐿, 𝑎𝑖𝑗𝑅 are the upper and the lower bounds of the triangular
fuzzy numbers, and 𝑎𝑖𝑗𝑀 is the relative importance of the
digital measure between 𝑎𝑖𝑗𝐿 and 𝑎𝑖𝑗𝑅, 𝑎𝑖𝑗𝐿 < 𝑎𝑖𝑗𝑀 < 𝑎𝑖𝑗𝑅.

Table 1: AHP judgment scale definition table.

Judgment scale Definition
0.9 𝑟𝑖 to 𝑟𝑗 is absolutely important
0.8 𝑟𝑖 to 𝑟𝑗 is strongly important
0.7 𝑟𝑖 to 𝑟𝑗 is obviously important
0.6 𝑟𝑖 to 𝑟𝑗 is slightly important
0.5 𝑟𝑖 to 𝑟𝑗 is equally important
0.4, 0.3, 0.2, 0.1 In contrast, the importance of 𝑟𝑗 to 𝑟𝑖

Using the 0-1 scoring method to take the value of 𝑎𝑖𝑗𝑀, get
the model judgment matrix 𝑅, as shown in Table 1.

When 𝑟𝑖 is more important than 𝑟𝑗, 𝛼 = 𝑎𝑖𝑗𝑀 − 𝑎𝑖𝑗𝐿,𝛽 = 𝑎𝑖𝑗𝑅 − 𝑎𝑖𝑗𝑀. In turn, when 𝑟𝑗 is more important than𝑟𝑖, 𝛼 = 𝑎𝑗𝑖𝑀 − 𝑎𝑗𝑖𝐿, 𝛽 = 𝑎𝑗𝑖𝑅 − 𝑎𝑗𝑖𝑀. the ambiguity is small
when 0 < 𝛼, 𝛽 < 0.5 which can not show good reflection of
the ambiguity of people’s understanding; when 𝛼, 𝛽 > 1, the
ambiguity is too large, and the confidence is reduced; when0.5 < 𝛼, 𝛽 < 1, the ambiguity is most suitable [21].

The fuzzy judgment matrix is transformed into a fuzzy
complementary matrix using (3). The fuzzy judgment matrix
mentioned in this paper is the fuzzy complementary matrix
[22].

𝑟𝑖𝑗 = ( 1𝑎𝑅𝑗𝑖 ,
1𝑎𝑀𝑗𝑖 ,

1𝑎𝐿𝑗𝑖)

𝑟𝑗𝑖 = ( 1𝑎𝑅𝑖𝑗 ,
1𝑎𝑀𝑖𝑗 ,

1𝑎𝐿𝑖𝑗)
𝑖, 𝑗 = 1, 2, . . . , 𝑚.

(3)

3.2.3. Determining the Weight of Service Items. 𝑟𝑖𝑗 represents
the importance of the service item 𝑆𝑖 over the service
item 𝑆𝑗 in the fuzzy matrix. 𝑇𝑗 denotes the comprehensive
importance value of the 𝑗th service item relative to other
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service items in the fuzzy judgmentmatrix. It can be obtained
by the following formula:

𝑇𝑗 = 𝑚∑
𝑖=1

𝑟𝑖𝑗 × 1∑𝑚𝑗=1∑𝑚𝑖=1 𝑟𝑖𝑗 𝑖, 𝑗 = 1, 2, . . . , 𝑚, (4)

where𝑇𝑗 is a triangular fuzzy number (𝑎𝐿𝑗 , 𝑎𝑀𝑗 , 𝑎𝑅𝑗 ). Let𝑉(𝑇𝑗 ≥𝑇𝑘) indicate the degree of possibility of the triangular fuzzy
number 𝑇𝑗 ≥ 𝑇𝑘; 𝑉(𝑇 ≥ 𝑇1, 𝑇2, . . . , 𝑇𝑘) is the degree of
possibility that the triangular fuzzy number 𝑇 is greater than
or equal to others triangular fuzzy numbers. 𝑙𝑗 indicates the
measure of service item 𝑆𝑗 excellent for other service items,
that is, the weight. It can be expressed as

𝑙𝑗 = (𝑇𝑗 ≥ 𝑇1, . . . , 𝑇𝑗−1,𝑇𝑗+1, . . . , 𝑇𝑚) . (5)

When 𝑎𝑀𝑘 < 𝑎𝑀𝑗 ,

𝑉(𝑇𝑘 ≥ 𝑇𝑗) =
{{{{{{{

𝑎𝐿𝑗 − 𝑎𝑀𝑘
(𝑎𝑀𝑘 − 𝑎𝑅𝑘 ) − (𝑎𝑀𝑗 − 𝑎𝑅𝑗 ) , 𝑎𝐿𝑗 > 𝑎𝑅𝑘
0, others.

(6)

Or when 𝑎𝑀𝑘 ≥ 𝑎𝑀𝑗 ,
𝑉(𝑇𝑘 ≥ 𝑇𝑗) = 1. (7)

Note that 𝐿 = {𝑙1, 𝑙2, . . . , 𝑙𝑚} is a collection of the weight of
service items, where 𝑙𝑗 denotes the weight of the 𝑗th service
items. According to (6) and (7) the absolute weight 𝑙𝑗 of
the service item 𝑆𝑗 can be obtained. And, then, the absolute
weight vector 𝐿 is normalized to obtain the relative weight
vector 𝐿∗ = (𝑙1∗, 𝑙2∗, . . . , 𝑙𝑚∗) of service items, where 𝑙𝑗∗
represents the relative weight of the service item 𝑆𝑗. The
relative weight vector 𝐿∗ can be calculated as

𝑙𝑗∗ = 𝑙𝑗∑𝑚𝑗=1 𝑙𝑗 , 𝑗 = 1, 2, . . . , 𝑚. (8)

Obviously, 𝑙𝑗∗ meets ∑𝑚𝑗=1 𝑙𝑗∗ = 1, 0 ≤ 𝑙𝑗∗ ≤ 1, 𝑗 =1, 2, . . . , 𝑚.

3.3. Customer Market Segmentation Based on Logit Model.
Different customers have different customer value and cus-
tomer profit for the same enterprise. According to different
customer value, classify customers to help enterprises identify
valuable customers. Enterprises can concentrate on serving
higher value customers, so as to improve their profitability
and competitive advantage. The customer value denotes the
size of the customer’s net cash flow, the core of which is the
contribution of cash flow [23]. The customer value includes
the current value and the future value: the current value
assumes that the customer’s current purchase mode remains
unchanged as well as the profit that the customer can create
for the company in the future; the future value is assumed
by adopting the appropriate marketing strategy to make the
customer’s purchase behavior develop toward the direction of
increasing profits and the profit that the customer can create

Loyal customer

Burden customer

Gold customer

Problem customer

Low High

Service expectation value (D)

Low

High

Customer 
total 

consumption 
(Q)

(G1) (G2)

(G3) (G4)

Figure 5: Customer market segmentation.

for the company in the future [24]. Based on the difference
of customer value, this paper uses the two indicators of
customer total consumption and service expectation value
to customer market segments, as shown in Figure 5. The
two indicators of customer total consumption and service
expectation value can not only express the current value
of the customers, but also predict the potential value of
the customers in the future. The method first predicts the
customer total consumption in their life cycle according to
the customer’s historical transaction record and the cus-
tomer’s purchase intention. Then, according to the expected
utility of different brands of the same product, we measure
the next purchase probability of consumers and establish a
Markov prediction model for each consumer. The customer
is classified by predicting customer total consumption in the
future period and service expectation value of customers.

Burden Customer. The customer total consumption and the
service expectation value are very low so this kind of
customers value is low. If the enterprise resources are limited,
enterprises can ignore such customers.

ProblemCustomer.Themost unattractive class of customers is
that where the customer total consumption is very low but the
service expectation value is very high. These customers are a
burden on the company. It is not suitable for the company
to invest any resources to maintain this kind of customers. It
can be lost and may even take some marketing strategies to
remove the relationship.

Loyal Customer. The most attractive class of customers is
that where the customer total consumption is very high and
the service expectation value is very low. For this kind of
customers company should invest the appropriate resources
to maintain the stability of the relationship between the two
parties so that the customer will continue to be satisfied.

Gold Customer. The customer total consumption and the
service expectation value are very high so this kind of
customers value is high. The difference between this type of
customer and the loyal customer is that the enterprise needs
to investmore resources tomeet the customer’s higher service
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expectations. This kind of customers has a great impact on
the company’s profit, so the company maintains the stability
of such customers by investing more resources.

3.3.1. Forecast of Customer Total Consumption. The customer
total consumption is the sum of the net present values of
the same product purchased in the life cycle of the customer.
The greater the customer total consumption, the greater the
customer need for the product. On the other hand, the
smaller the customer total consumption, the smaller the
customer need for the product.

Suppose the customer has the same amount of consump-
tion each time and the two time intervals are equal. So the
customer’s total consumption 𝑄 can be expressed as [25]

𝑄 = 𝑇∑
𝑡=0

(1 + 𝑑)−𝑡 𝑉𝑡, (9)

where 𝑇 is the expected number of customers consumption
in the life cycle; 𝑑 is the discount rate;𝑉𝑡 is 𝑡th customer total
consumption.

The expected number of customers consuming 𝑇 is the
number of times that the customer buys this kind of service
product in its life cycle, and it can be obtained by

𝑇 = [ 𝑛𝑓] , (10)

where 𝑛 is the life cycle length of a customer; 𝑓 is the two
time intervals. The impact of the customer’s life cycle length
involves a lot of factors, like corporate variables, customer
variables, environmental variables, and many other factors.
Because the social development environment changes too
fast, the prediction of longer time consumption can not
guarantee its accuracy and reliability, so the value of 𝑛 does
not exceed 5 years.

3.3.2. Prediction of Service Expectation Value. The service
expectation value is the customer satisfaction degree of the
service quality. If the satisfaction degree of a customer is
100%, it is meaningless to invest in resources to improve
the customer’s service expectations. The Logit model is used
to predict service expectation value for different service
elements.

Based on the theory of random utility in Logit model
[26, 27], the service total utility is made up of two parts of
the service random utility and the service random utility, as
shown by

𝑤𝑗 = V𝑗 + 𝑒𝑗. (11)

Let 𝑊 = [𝑤1, . . . , 𝑤𝑗] denote service total utility of the
service items, where𝑤𝑗 denotes service total utility of the 𝑗th
service item, 𝑗 = 1, 2, . . . , 𝑚. V𝑗 is the service utility decision
part of the 𝑗th service items; 𝑒𝑗 is the service utility random
part of the 𝑗th service items.

In addition to taking into account the self-attributes
of each service item, the utility of a service item should
also take into account the customer selection inertia, that

is, the behavior of the customer. In 1983, Guadagni and
Little demonstrated that customer selection inertia in the
selection model was a very important factor [25]. Therefore,
the expected utility model can be expressed as

𝑤𝑗𝑝 = V𝑗𝑝 + 𝑒𝑗𝑝 + 𝑏𝑜𝑗Last𝑗𝑝, (12)

where 𝑤𝑗𝑝 is total utility of the 𝑝th service item in the case
of the last choice of the 𝑗th service item; 𝑏𝑜𝑗 is the inertia
coefficient of goods purchased by regression analysis; if 𝑗 = 𝑘,
Last𝑖𝑗𝑘 = 1; else 𝑗 ̸= 𝑘, last = 0.

Let 𝑈𝑗𝑝 = 𝑏𝑜𝑗Last𝑗𝑝 + 𝑉𝑗𝑝, comprehensive equations (11)
and (12), the probability of the customer selecting the 𝑝th
service item is expressed as

𝑝𝑗𝑝 = 𝑒𝑈𝑗𝑝
∑𝑘𝑝=1 𝑒𝑈𝑗𝑝 . (13)

The service decision utility 𝑉 is determined by the
relevant variables of the service item, the relevant variables
of the customer, and the other variables. It is assumed that
the service decision utility is determined by the𝑁 observable
variables, and the service decision utility can be expressed as

𝑉𝑖𝑝 = 𝑁∑
𝑛=1

𝑏𝑛𝑥𝑖𝑝𝑛. (14)

According to (13) and (14), when the customer selected
the 𝑗th service item last time, the probability of selecting the𝑝th service item can be expressed as

𝑝𝑗𝑝 = 𝑒𝑏𝑜𝑗Last𝑗𝑝+∑𝑁𝑛=1 𝑏𝑛𝑥𝑝𝑛
∑𝑘𝑝=1 𝑒𝑏𝑜𝑗Last𝑗𝑝+∑𝑁𝑛=1 𝑏𝑛𝑥𝑝𝑛 , (15)

where 𝑥𝑘𝑛 is the known value of the evaluation; 𝑏𝑛 (𝑛 =0, 1, 2, . . . , 𝑁) is the weight vector of the attribute.𝑝𝑗𝑝 denotes
the case when the customer selected the 𝑗th service item last
time and the probability of selecting the 𝑝th service item,𝑗 = 1, 2, . . . , 𝑚, 𝑝 = 1, 2, . . . , 𝑘.

The selection probability of 𝑡 times to the jth service item
using Markov method:

(𝐵1𝑡, 𝐵2𝑡, . . . , 𝐵𝑗𝑡)

= (𝐴1, 𝐴2, . . . , 𝐴𝑗)
[[[[[[[
[

𝑃11 𝑃12 ⋅ ⋅ ⋅ 𝑃1𝑘𝑃21 𝑃22 ⋅ ⋅ ⋅ 𝑃2𝑘...
𝑃𝑗1 𝑃𝑗2 ⋅ ⋅ ⋅ 𝑃𝑗𝑘

]]]]]]]
]

𝑡

, (16)

where 𝐵𝑗𝑡 denotes the selection probability of 𝑡 times to the𝑗th service item; 𝐴𝑗 denotes 𝑡 of selection probability of the𝑗th service item, according to the survey, 𝑗 = 1, 2, . . . , 𝑚.
The service expectation value𝐷 can be expressed as

𝐷 = ∑𝑇𝑡=0 (1 + 𝑑)−𝑡 𝑉𝐵𝑗𝑡𝑄 . (17)
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3.4. Calculating Alternative Customer Satisfaction Level [28].
Using questionnaires to investigate customers who have
experience with the service product to get customer expec-
tations and customer perception for service elements, let 𝑧𝑡𝑑𝑗
denote that the 𝑑th customers give the customer expectation
value 𝑡 for the 𝑗th service items; 𝑔𝑡𝑑𝑗 denotes that the 𝑑th
customers give the customer perception value 𝑡 for the 𝑗th
service items; the value of 𝑡 ranges from 1 to 10, where “1”
means the worst and “10” means the best. Setting 0-1 variable𝜙𝑡𝑑𝑗, when 𝑧𝑡𝑑𝑗 ≤ 𝑔𝑡𝑑𝑗, 𝜙𝑡𝑑𝑗 = 1; else when 𝑧𝑡𝑑𝑗 > 𝑔𝑡𝑑𝑗, 𝜙𝑡𝑑𝑗 = 0,𝑑 = 1, 2, . . . , 𝑟, 𝑗 = 1, 2, . . . , 𝑚, 𝑡 ∈ [1, 10].

Let 𝑜𝑡𝑗 denote the number of customers who expect less
than/equal to what is perceived, 0 ≤ 𝑜𝑡𝑗 ≤ 𝑟, ∑10𝑡=1 𝑜𝑡𝑗 = 𝑟. It
can be calculated as

𝑜𝑡𝑗 = 𝑟∑
𝑑=1

𝜙𝑡𝑑𝑗, 𝑗 = 1, 2, . . . , 𝑚, 𝑡 = 1, 2, . . . , 10. (18)

Then, according to (18), we can calculate the probability
of service item (𝑆𝑗) that the customer expectation value is 𝑡.
It can be calculated as

𝑝𝑡𝑗 = 𝑜𝑡𝑗𝑟 , 𝑗 = 1, 2, . . . , 𝑚, 𝑡 = 1, 2, . . . , 10, (19)

where 0 ≤ 𝑝𝑡𝑗 ≤ 1 and ∑10𝑡=1 𝑝𝑡𝑗 = 1, 𝑗 = 1, 2, . . . , 𝑚.
Let 𝐹(𝑍𝑗) denote the customer expectation for service

item 𝑆𝑗, which can be represented by

𝐹 (𝑍𝑗) = 10∑
𝑡=1

𝑡𝑝𝑡𝑗, 𝑗 = 1, 2, . . . , 𝑚, 𝑡 = 1, 2, . . . , 10. (20)

For the convenience of further analysis, we can calculate
the comprehensive evaluation 𝜑𝑗𝑝 of the service scheme𝐻𝑗𝑝
of service item 𝑆𝑗. It is obtained by

𝜑𝑗𝑝 = 𝑏𝑗𝑝𝜂𝑗𝑝, 𝑗 = 1, 2, . . . , 𝑚; 𝑝 = 1, 2, . . . , 𝑘, (21)

where 𝑏𝑗𝑝 denotes the customer’s evaluation value for the
service element 𝑆𝑗𝑝; 𝜂𝑗𝑝 denotes the weight of the service
element 𝑆𝑗𝑝.

According to (20) and (21) to obtain the comprehensive
evaluation 𝜑𝑗𝑝 and the customer group’s expectation 𝐹(𝑍𝑗),
the customer satisfaction 𝜓𝑗𝑝 for the service scheme 𝐻𝑗𝑝 of
service item 𝑆𝑗 is expressed by

𝜓𝑗𝑝

=
{{{{{{{{{{{{{

1, 𝜑𝑗𝑝 = 𝜑max
𝑗𝑝 ≥ 𝐹 (𝑍𝑗)

𝜀 + (1 − 𝜀) 𝜑𝑗𝑝 − 𝐹 (𝑍𝑗)
𝜑max
𝑗𝑝 − 𝐹 (𝑍𝑗) , 𝐹 (𝑍𝑗) ≤ 𝜑𝑗𝑝 < 𝜑max

𝑗𝑝

0, 𝜑𝑗𝑝 < 𝐹 (𝑍𝑗) ,
(22)

where 𝜑max
𝑗𝑝 = max{𝜑𝑗1, 𝜑𝑗2, . . . , 𝜑𝑗𝑚}; 𝜀 is the satisfaction

threshold given by the decision maker.
It can be seen from (22) that the comprehensive eval-

uation 𝜑𝑗𝑝 of the service scheme 𝐻𝑗𝑝 does not satisfy

the customer expectation on the service element 𝑆𝑗𝑝; the
customer satisfaction 𝜓𝑗𝑝 of the service scheme 𝐻𝑗𝑝 is zero;
that is, 𝜓𝑗𝑝 = 0; customer satisfaction is 𝜀 when it just
meets the customer group’s expectation on service items;
the comprehensive evaluation 𝜑𝑗𝑝 is equal to the customer
expectation, 𝜓𝑗𝑝 = 𝜀. If the comprehensive evaluation 𝜑𝑗𝑝 is
increasing, it will be greater than the customer expectation,
and the customer satisfaction 𝜓𝑗𝑝 is greater.
3.5. Service Elements Optimization Configuration Model. To
maximize customer satisfaction is the ultimate goal of
service-oriented enterprises. In this paper, customer satisfac-
tion maximization is the goal, considering the conditions of
business costs are limited and then establishing service factor
optimization model:

max 𝑍 = 4∑
𝑡=1

𝐺𝑡 [[
𝑚∑
𝑗=1

𝑙𝑗( 𝑘∑
𝑝=1

𝜑𝑗𝑝𝑥𝑗𝑝)]]
(23)

s.t. 𝑚∑
𝑗=1

𝑘∑
𝑝=1

𝑐𝑗𝑝𝑥𝑗𝑝 < 𝐶 (23a)
𝑘∑
𝑝=1

𝑥𝑗𝑝 = 1 (23b)
𝑥𝑗𝑝 = 0; 1, 𝑗 = 1, 2, . . . , 𝑚, 𝑝 = 1, 2, . . . , 𝑘, (24)

where 𝐺𝑡 denotes the 𝑡th customer market share; 𝑥𝑗𝑝 = 0
denotes that 𝐻𝑗𝑝 is not selected; on the contrary, 𝑥𝑗𝑝 = 1
denotes that𝐻𝑗𝑝 is selected.

Here, (23) is the max customer satisfaction of service
product quality; (23a) is the total cost of the service elements
that are selected which can not exceed the expected total cost;(23b) indicates that only one service element is selected for
each service item.

4. Illustrative Example

4.1. ProblemDescription. In recent years, China’s traffic trans-
portation industry has shown a steady, long-lasting, and rapid
development trend. The steady increase has led the railway
transportation industry to show a fierce competitive trend,
the key to the development and performance improvement of
the railway transportation industry in their service quality. SC
Railway Bureau is going to invest 70 million yuan to improve
its service quality of high-end cabin betweenA city andC city.

Take the high-iron service as an example to improve
the service of the first class of high-speed rail to verify the
effectiveness and feasibility of the model. References [11, 29,
30] involved the railway transportation industry service qual-
ity evaluation program and then conducted a questionnaire
survey for 350 passengers having high-end experience of this
route. According to the statistical analysis, Delphi method
is used to obtain four customer needs: high-quality cabin
service (CR1); high-quality food service (CR2); recreational
satisfaction (CR3); and clean and tidy environment (CR4): 6
service items and 14 service elements as shown in Figure 6.
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Service quality
evaluation

of high speed rail

S1: service staff factors

S2: catering service

S6: cabin cleaning factors

S3: beverage service
factors

factors

S4: leisure reading
factors

S5: entertainment factors

S11 : appearance and
language

S12 : attitude and
efficiency

S21 : diverse and
characteristic

S22 : diverse and simple

S23 : simple

S31: variety of species

S32: type single

S41: magazine
publication

S42: multiple newspapers

S51: entertainment TV

S52: music player

S53: small game machine

S61: regular cleaning

S62: clean at any time

Figure 6: AHP model of high-iron service.

4.2. Establishment of Optimization Model. Choose three
experts to evaluate the service items to get fuzzy judgment
matrix, as shown in Table 2. And then the evaluation of three
experts to find the average is found in Table 3.

According to (2)–(4), we can get the comprehensive
importance of the service items.

𝑇1 = (3.333, 4.300, 4.967)
× ( 173.909 , 147.193 , 135.304)

= (0.045, 0.091, 0.141)
𝑇2 = (4.188, 5.189, 6.578)

× ( 173.909 , 147.193 , 135.304)
= (0.057, 0.110, 0.186)

𝑇3 = (4.334, 5.532, 7.400)
× ( 173.909 , 147.193 , 135.304)

= (0.059, 0.117, 0.210)
𝑇4 = (5.382, 6.593, 8.667)

× ( 173.909 , 147.193 , 135.304)
= (0.073, 0.140, 0.245)

𝑇5 = (7.035, 8.412, 10.854)
× ( 173.909 , 147.193 , 135.304)

= (0.095, 0.178, 0.307)
𝑇6 = (11.032, 17.166, 35.444)

× ( 173.909 , 147.193 , 135.304)
= (0.149, 0.364, 1.004) .

(25)
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Table 2: Fuzzy judgment matrix of service items.

Fuzzy judgment matrix Service items𝑆1 𝑆2 𝑆3 𝑆4 𝑆5 𝑆6
𝑆1

(1, 1, 1) (2/5, 1/2, 3/5) (2/5, 7/10, 4/5) (1/2, 7/10, 4/5) (3/5, 4/5, 9/10) (2/5, 1/2, 4/5)(1, 1, 1) (3/10, 1/2, 3/5) (1/2, 4/5, 9/10) (3/5, 7/10, 9/10) (1/2, 7/10, 9/10) (2/5, 1/2, 4/5)(1, 1, 1) (2/5, 3/5, 7/10) (3/5, 4/5, 9/10) (1/2, 7/10, 4/5) (3/5, 7/10, 4/5) (3/10, 1/2, 7/10)
𝑆2

(5/3, 2, 5/2) (1, 1, 1) (2/5, 1/2, 7/10) (1/2, 3/5, 4/5) (1/2, 7/10, 4/5) (1/10, 1/5, 1/2)(5/3, 2, 10/3) (1, 1, 1) (3/10, 3/5, 4/5) (1/2, 7/10, 4/5) (3/5, 4/5, 9/10) (1/10, 2/5, 1/2)(10/7, 5/3, 5/2) (1, 1, 1) (2/5, 1/2, 4/5) (1/2, 7/10, 9/10) (7/10, 4/5, 9/10) (1/5, 2/5, 3/5)
𝑆3

(5/4, 10/7, 2) (10/7, 2, 5/2) (1, 1, 1) (2/5, 1/2, 3/5) (2/5, 1/2, 3/5) (1/10, 1/5, 2/5)(10/9, 5/4, 2) (5/4, 5/3, 10/3) (1, 1, 1) (3/10, 1/2, 7/10) (3/10, 1/2, 7/10) (1/5, 2/5, 1/2)(10/9, 5/4, 5/3) (5/4, 2, 5/2) (1, 1, 1) (2/5, 3/5, 7/10) (3/10, 2/5, 1/2) (1/5, 2/5, 1/2)
𝑆4

(5/4, 10/7, 2) (5/4, 5/3, 2) (5/3, 2, 5/2) (1, 1, 1) (2/5, 1/2, 3/5) (1/10, 3/10, 2/5)(10/9, 10/7, 5/3) (5/4, 10/7, 2) (10/7, 2, 10/3) (1, 1, 1) (3/10, 2/5, 1/2) (1/10, 3/10, 2/5)(5/4, 10/7, 2) (10/9, 10/7, 2) (10/7, 5/3, 5/2) (1, 1, 1) (3/10, 2/5, 1/2) (1/5, 2/5, 1/2)
𝑆5

(10/9, 5/4, 5/3) (5/4, 10/7, 2) (5/3, 2, 5/2) (5/3, 2, 5/2) (1, 1, 1) (1/10, 1/5, 2/5)(10/9, 10/7, 2) (10/9, 5/4, 5/3) (10/7, 2, 10/3) (2, 5/2, 10/3) (1, 1, 1) (1/10, 1/5, 2/5)(5/4, 10/7, 5/3) (10/9, 5/4, 10/7) (2, 5/2, 10/3) (2, 5/2, 10/3) (1, 1, 1) (1/5, 3/10, 1/2)
𝑆6

(5/4, 2, 5/2) (2, 5, 10) (5/2, 5, 10) (5/2, 10/3, 10) (5/2, 5, 10) (1, 1, 1)(5/4, 2, 5/2) (2, 5/2, 10) (2, 5/2, 5) (5/2, 10/3, 10) (5/2, 5, 10) (1, 1, 1)(10/7, 2, 10/3) (5/3, 5/2, 5) (2, 5/2, 5) (2, 5/2, 5) (2, 10/3, 5) (1, 1, 1)

The absolute weight vector of each service item is
obtained using (5) and (6):

𝑙1 = (𝑇1 ≫ 𝑇2, . . . , 𝑇6)
= min (0.152, 0.147, 0.120, 0.077, 0.28) = 0.077,

𝑙2 = (𝑇2 ≫ 𝑇1, . . . , 𝑇6)
= min (1, 0.946, 0.792, 0.572, 0.127) = 0.127,

𝑙3 = (𝑇3 ≫ 𝑇1, . . . , 𝑇6)
= min (1, 1, 0.395, 0.353, 0.224) = 0.224,

𝑙4 = (𝑇4 ≫ 𝑇1, . . . , 𝑇6) = min (1, 1, 1, 0.478, 0.216)
= 0.216,

𝑙5 = (𝑇5 ≫ 𝑇1, . . . , 𝑇6) = min (1, 1, 1, 1, 0.475)
= 0.475,

𝑙6 = (𝑇6 ≫ 𝑇1, . . . , 𝑇5) = min (1, 1, 1, 1, 1) = 1.

(26)

Then, the relative weight vector of each service item is
obtained using (8).

𝑙𝑗∗ = (0.036, 0.060, 0.106, 0.102, 0.224, 0.427) (27)

Let customers use the scoring method of “1–5” to score
the decisive utility and random utility of the service items,
and then average the collected data to obtain the utility of
each service element, as shown in Table 4.

According to (12)–(15), the probability of selecting the𝑝th
service item in the case that customer chooses the 𝑗th service
item at the last time is calculated as shown in Table 5.

Using score of “0–10,” we get the customer satisfaction of
the service quality in one high-speed rail travel. According to
(9) and (10), we calculate the customer total consumption of
the service items in their life cycle; that is, 𝑄 = 18.397.

According to the literature analysis [31, 32], we can choose
3 years of the customer life cycle and the discount rate of
satisfaction is 0.002.

It can be seen that the service team concluded that
the probability of the customer’s last choice of the service
items was 𝐴𝑗 = (0.3, 0.1, 0.2, 0.1, 0.1, 0.2), according to the
questionnaire survey. And then we can obtain the 𝑗th service
item which is selected for 𝑡 times using (16).

𝐵15 = 0.17,
𝐵25 = 0.167,
𝐵35 = 0.167,
𝐵45 = 0.165,
𝐵55 = 0.165,
𝐵65 = 0.166.

(28)

Combine (16) and (17) to calculate the expected utility of
the service items: 𝑆1 = 0.193, 𝑆2 = 0.153, 𝑆3 = 0.162, 𝑆4 =1.153, 𝑆5 = 1.169, 𝑆6 = 0.161.

The total value of 𝑦-axis 𝑄 is 18.397 and the total value
of 𝑥-axis is 1.7. The customer group can be divided into four
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Table 4: Service utility table.

Service items Index system Index weight Decided
utility (V𝑖𝑗)

Random
utility (𝑒𝑖𝑗) Utility (𝑤𝑖𝑗) Inertia

coefficient
(𝑏𝑜𝑖)𝑆1: service staff factor {fashionable, stylization, timeliness} {0.4, 0.4, 0.2} {4, 4, 5} {4, 4, 2} 7.8 0.3

𝑆2: catering service factor {Fashionable, stylization, diversity} {0.2, 0.4, 0.4} {3, 3, 4} {3, 4, 1} 6 0.2
𝑆3: beverage service factor {Fashionable, stylization, diversity} {0.2, 0.3, 0.5} {2, 4, 4} {3, 4, 1} 5.9 0.2
𝑆4: leisure reading factor {Fashionable, cleanliness, diversity} {0.2, 0.4, 0.4} {3, 3, 4} {3, 2, 1} 5.2 0.1
𝑆5: entertainment factors {Fashionable, clarity, cleanliness} {0.1, 0.5, 0.4} {4, 4, 4} {1, 2, 1} 5.5 0.1
𝑆6: cabin cleaning factor {timeliness, cleanliness, consistency} {0.4, 0.2, 0.4} {4, 4, 3} {2, 1, 3} 5.8 0.1

Table 5: Utility-probability value table.

𝑆1 𝑆2 𝑆3 𝑆4 𝑆5 𝑆6

𝑢𝑗𝑝
𝑢11 = 4.5 𝑢21 = 4.2 𝑢31 = 4.2 𝑢41 = 4.2 𝑢51 = 4.2 𝑢61 = 4.2𝑢12 = 3.4 𝑢22 = 3.6 𝑢32 = 3.4 𝑢42 = 3.4 𝑢52 = 3.4 𝑢62 = 3.4𝑢13 = 3.6 𝑢23 = 3.6 𝑢33 = 3.8 𝑢43 = 3.6 𝑢53 = 3.6 𝑢63 = 3.6𝑢14 = 3.4 𝑢24 = 3.4 𝑢34 = 3.4 𝑢44 = 3.5 𝑢54 = 3.4 𝑢64 = 3.4𝑢15 = 4 𝑢25 = 4 𝑢35 = 4 𝑢45 = 4 𝑢55 = 4.1 𝑢65 = 4𝑢16 = 3.6 𝑢26 = 3.6 𝑢36 = 3.6 𝑢46 = 3.6 𝑢56 = 3.6 𝑢66 = 3.7

𝑝𝑗𝑝
𝑝11 = 0.217 𝑝21 = 0.164 𝑝31 = 0.164 𝑝41 = 0.167 𝑝51 = 0.159 𝑝61 = 0.167𝑝12 = 0.155 𝑝22 = 0.194 𝑝32 = 0.159 𝑝42 = 0.162 𝑝52 = 0.158 𝑝62 = 0.162𝑝13 = 0.157 𝑝23 = 0.160 𝑝33 = 0.195 𝑝43 = 0.163 𝑝53 = 0.158 𝑝63 = 0.163𝑝14 = 0.155 𝑝24 = 0.159 𝑝34 = 0.159 𝑝44 = 0.179 𝑝54 = 0.159 𝑝64 = 0.162𝑝15 = 0.159 𝑝25 = 0.163 𝑝35 = 0.163 𝑝45 = 0.166 𝑝55 = 0.208 𝑝65 = 0.166𝑝16 = 0.157 𝑝26 = 0.160 𝑝36 = 0.160 𝑝46 = 0.163 𝑝56 = 0.158 𝑝66 = 0.180
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Figure 7: Customer market segmentation.

quadrants according to the value of the 𝑦-axis and 𝑥-axis
coordinates as shown in Figure 7.

According to the questionnaire survey, adopting the
scoring principle of “1–10,” we get to adopt the scoring
principle of “1–10” and establish the expected probability
distribution of the service items based on (18) and (19), as
shown in Table 6.

According to (20) and Table 5, we can be obtain customer
service expectations of the service items: 𝐹(𝑍1) = 4.1,𝐹(𝑍2) = 6.7, 𝐹(𝑍3) = 7.5, 𝐹(𝑍4) = 3.85, 𝐹(𝑍5) = 5.05,𝐹(𝑍6) = 7.95.

According to the questionnaire survey, we can obtain the
index system and index weight of the service items giving the
service schemes, as shown in Table 7.

Delphi method was used to get the evaluation matrix 𝐴𝑗
of the service schemes𝐻𝑗𝑚 for the service items 𝑆𝑗.

𝐴1 = [6 6 8
8 7 6]

𝐴2 = [[
[
9 9 5
8 7 6
3 2 1

]]
]

𝐴3 = [6 6 8
4 3 1]

𝐴4 = [6 6 8
5 5 4]

𝐴5 = [[
[
6 7 5
5 3 4
4 5 6

]]
]

𝐴6 = [3 4 8
9 8 7] .

(29)
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Table 6: Expected probability distribution of service items.

Service items 1 2 3 4 5 6 7 8 9 10
S1 0 0.25 0.3 0.2 0.1 0.1 0 0.05 0 0
S2 0 0 0.05 0 0.15 0.2 0.3 0.25 0 0.05
S3 0 0 0 0 0.05 0.2 0.3 0.2 0.15 0.1
S4 0.1 0.15 0.15 0.3 0.15 0.1 0 0 0.05 0
S5 0 0 0.2 0.25 0.05 0.3 0.05 0.1 0.05 0
S6 0 0 0 0 0 0.05 0.35 0.3 0.2 0.1

Table 7: Description of cabin services and schemes.

Service items Index system Index weight Service schemes

𝑆1: service staff factor {Fashionable, stylization, timeliness} {0.4, 0.4, 0.2} 𝐻11: ordinary flight attendants𝐻12: star flight attendants
𝑆2: catering service factor {Fashionable, stylization, diversity} {0.2, 0.4, 0.4} 𝐻21: scheme’s two types of local specialties𝐻22: scheme’s two packages𝐻23: a kind of course

𝑆3: beverage service factor {Fashionable, stylization, diversity} {0.2, 0.3, 0.5} 𝐻31: more types of drinks𝐻32: type of single drink
𝑆4: leisure reading factor {Fashionable, cleanliness, diversity} {0.2, 0.4, 0.4} 𝐻41: providing magazines𝐻42: offering a variety of newspapers
𝑆5: entertainment factors {Fashionable, clarity, cleanliness} {0.1, 0.5, 0.4} 𝐻51: equipped with small entertainment TV𝐻52: equipped with music player𝐻53: equipped with small game consoles

𝑆6: cabin cleaning factor {Timeliness, cleanliness, consistency} {0.4, 0.2, 0.4} 𝐻61: regularly cleaned 3 times𝐻62: clean at any time

According to (21), the comprehensive evaluation value of
each service scheme is expressed as follows: 𝜑11 = 6.4, 𝜑12 =7.2, 𝜑21 = 7.4, 𝜑22 = 6.8, 𝜑23 = 1.8, 𝜑31 = 8, 𝜑32 = 2.2,𝜑41 = 6.8, 𝜑42 = 4.6, 𝜑51 = 6.1, 𝜑52 = 3.6, 𝜑53 = 5.3, 𝜑61 = 5.2,𝜑62 = 8.

It is assumed that the satisfaction threshold of the service
scheme is 0.4; that is, 𝜀 = 0.4. Calculating the customer
satisfaction of the service schemes is as follows: 𝜓11 = 0.85,𝜓12 = 1, 𝜓21 = 1, 𝜓22 = 0.48, 𝜓23 = 0, 𝜓31 = 1, 𝜓32 = 0,𝜓41 = 1, 𝜓42 = 0.57, 𝜓51 = 1, 𝜓52 = 0.54, 𝜓53 = 0, 𝜓61 = 0,𝜓62 = 1.

The related variables of the service quality evaluation are
summed up, as shown in Table 8.

According to (23), the service quality evaluation model
can be established for the high-speed rail, as shown below.

max 𝑍
= 0.311 (0.031𝑥11 + 0.036𝑥12 + ⋅ ⋅ ⋅ + 0.427𝑥62)
+ ⋅ ⋅ ⋅
+ 0.223 (0.031𝑥11 + 0.036𝑥12 + ⋅ ⋅ ⋅ + 0.427𝑥62)

s.t 300𝑥11 + 1300𝑥12 + 2500𝑥21 + 2300𝑥22 + 1200𝑥23
+ ⋅ ⋅ ⋅ + 260𝑥62 ≤ 7000

𝑥11 + 𝑥12 = 1
𝑥21 + 𝑥22 + 𝑥23 = 1

𝑥31 + 𝑥32 = 1
𝑥41 + 𝑥42 = 1
𝑥51 + 𝑥52 + 𝑥53 = 1
𝑥61 + 𝑥62 = 1
𝑥𝑗𝑝 = 1, 0.

(30)

Using the Lingo software package to solve the model the
optimal solution can be obtained: 𝑥12 = 1, 𝑥21 = 1, 𝑥31 = 1,𝑥41 = 1, 𝑥51 = 1, 𝑥62 = 1, as shown in Figure 8.

5. Conclusions

This paper presents a service quality evaluation model
considering enterprise resource constraints and customer
fuzzy evaluation information. Through the questionnaire
survey and interviews to obtain customer needs for high-
speed rail services and then through the expert group
Delphi method obtains FHAHP model including 6 service
items and 14 service elements. We use the triangular fuzzy
hierarchymethod to calculate the weight vector of the service
items at the first. Secondly, we use the Logit model for
customer market segmentation. And then we can forecast
the customer’s satisfaction with the service schemes. Finally,
an evaluation model is set up with the goal of maximizing
customer satisfaction.
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Table 8: Summary of factors related to service elements.

𝑆𝑗 𝑙𝑗∗ 𝑆𝑗𝑝 𝜑𝑗𝑝 𝜓𝑗𝑝 𝐻𝑗𝑝 𝑐𝑗𝑝 (unit: wan)
𝑆1 0.036 𝑆11 6.4 0.85 𝐻11 300𝑆12 7.2 1 𝐻12 1300

𝑆2 0.060
𝑆21 7.4 1 𝐻21 2500𝑆22 6.8 0.48 𝐻22 2300𝑆23 1.8 0 𝐻23 1200

𝑆3 0.106 𝑆31 8 1 𝐻31 1300𝑆32 2.2 0 𝐻32 300

𝑆4 0.102 𝑆41 6.8 1 𝐻41 500𝑆42 4.6 0.57 𝐻42 400

𝑆5 0.224
𝑆51 6.1 1 𝐻51 300𝑆52 3.6 0.54 𝐻52 200𝑆53 5.3 0 𝐻53 250

𝑆6 0.427 𝑆61 5.2 0 𝐻61 120𝑆62 8 1 𝐻62 260

Figure 8: The service items selection diagram of Lingo.

In contrast to existing service product configuration
models, this paper takes fully into account the ambiguity of
customer satisfaction for service and the customer market
segmentation, maximizing the customer’s satisfaction. The
method presented in this paper has the characteristics of
clear and easy operation and has potential application value.
It provides a new analytical model for rational and effective
service quality evaluation under fuzzy environment.

6. Discussion

In this paper, we evaluate the service quality allocation
scheme and introduce fuzzy numbers to ensure the com-
pleteness of evaluation information and the correctness of

evaluation results. The initial model takes into account the
incompatibility of service elements, but some service items
including some service elements are compatible in real life.
Taking the service quality evaluation of the high-speed rail
high-end cabin in this paper as an example, the service
items 𝑆4 (leisure reading factors) and 𝑆5 (entertainment
factors) contain the compatibility of the service elements,
so the service items 𝑆4 (leisure reading factors) and 𝑆5
(entertainment factors) can provide 2 service elements to
participate in the configuration of the service scheme. In
addition, the service elements contained in the rest of the
service items 𝑆1 (service staff factors), 𝑆2 (catering service
factors), 𝑆3 (beverage service factors), and 𝑆6 (cabin cleaning
factors) are not compatible. With the goal of maximizing
service customer satisfaction, considering the enterprise cost
constraint and the compatibility of service elements, a new
evaluation model is established, as shown below.
max 𝑍

= 0.311 (0.031𝑥11 + 0.036𝑥12 + ⋅ ⋅ ⋅ + 0.427𝑥62)
+ ⋅ ⋅ ⋅
+ 0.223 (0.031𝑥11 + 0.036𝑥12 + ⋅ ⋅ ⋅ + 0.427𝑥62)

s.t 300𝑥11 + 1300𝑥12 + 2500𝑥21 + 2300𝑥22 + 1200𝑥23
+ ⋅ ⋅ ⋅ + 260𝑥62 ≤ 7000

𝑥11 + 𝑥12 = 1
𝑥21 + 𝑥22 + 𝑥23 = 1
𝑥31 + 𝑥32 = 1
1 ≤ 𝑥41 + 𝑥42 ≤ 2
1 ≤ 𝑥51 + 𝑥52 + 𝑥53 ≤ 2
𝑥61 + 𝑥62 = 1
𝑥𝑗𝑝 = 1, 0.

(31)
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Figure 9: The service items selection diagram of Lingo.

Using the Lingo software package to solve the model the
optimal solution can be obtained: 𝑥11 = 1, 𝑥21 = 1, 𝑥31 = 1,𝑥41 = 1, 𝑥42 = 1, 𝑥51 = 1, 𝑥52 = 1, 𝑥62 = 1, as shown in
Figure 9.

As shown in the picture, the new customer satisfaction
is 1.129 relative to the old customer satisfaction value 0.955,
where the customer satisfaction is increased by 0.174.

Because of the limited text, the competitor’s factors are
not taken into consideration when evaluating the service
quality. Future research will be concentrated on the impact of
competitor factors on the evaluation of the quality of service
and the compatibility of service elements.
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