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Abstract: With the rapid development of the aviation industry, air travel has become one of the most important
modes. Improving the service quality of civil aviation airports is crucial to their competitiveness. This study intends to
develop a scientific and rational evaluation methodology and framework for assessing service quality in civil aviation
airports, thereby providing a theoretical foundation and practical guidance for enhancing service standards in the
aviation industry. First, the study constructs a CRITIC-bidirectional grey possibility clustering model, which uses the
CRITIC method to determine the weights of indicators and integrates the forward grey possibility clustering model
and the inverse grey possibility clustering model to determine possibility functions from two perspectives. Second, a
service quality evaluation index system for civil airports is constructed from four dimensions, and the weights of each
index within the system are subsequently calculated. Finally, the constructed model is applied to evaluate the service
quality of nine domestic civil airports. Based on the clustering results, targeted countermeasures and suggestions are
proposed. Empirical results demonstrate that, compared to the traditional grey possibility clustering model, the

proposed model balances the objectivity of indicator weighting, the objectivity of possibility function construction, and
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the simplicity of the computational process, thereby possessing significant theoretical and practical implications.
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0 Introduction

Civil airports are pivotal contributors to eco-
nomic development'"’. The service quality of these
airports serves not only a crucial indicator of their
operational performance but also a key factor in en-
hancing the overall passenger travel experiences. By
conducting a scientific evaluation of service quality,
airports can identify shortcomings, optimize re-
source allocation, and improve service processes.
Thereby enhancing customer satisfaction, boosting
the airport’ s competitiveness, and promoting its
sustainable development™'.

To enhance the efficiency of service quality
evaluation at civil airports, scholars have conduct-
ed extensive research on the indicator systems for

such evaluations. Bai et al."*! developed a compre-
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hensive service quality evaluation system for civil
airports, comprising 24 indicators across six dimen-
sions, tangibility, reliability, assurance, empathy,
responsiveness, and remediation, thereby ensuring
the completeness of the evaluation framework. Zhu
et al."*' established an airport competitiveness eval-
uation system comprising ten indicators across four
dimensions, airport infrastructure development,
operational scale, service quality, and transporta-
tion-geographical conditions. Hu et al."”" developed
an airport operational efficiency evaluation system
comprising 11 indicators across four dimensions :
Stand operation efficiency, passenger boarding effi-
ciency, aircraft taxiing efficiency, and collabora-
1080

tive efficiency. Li et a selected 23 influencing

factors of airport service quality based on five di-
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mensions, airport ground transportation systems,
airport environment, security screening, check-in
services, and passenger services. Liao et al.'” se-
lected two key indicators, mandatory processes,
and facilities & environment, as latent variables for
airport service quality, based on the factor loadings
of 35 airport service quality evaluation indicators and
the significance of each quality dimension’ s impact
on air travel behavioral intentions. Chu et al.'*' de-
veloped a passenger travel experience model for re-
gional hub airports by comprehensively considering
two dimensions, passenger satisfaction and delight.

Ren et al.l”!

constructed an airport service quality
evaluation system comprising five secondary indica-
tors, tangibility, responsiveness, empathy, securi-
ty, and reliability, along with 19 influencing fac-
tors, using a three-tier dimensional framework,
service environment quality, interaction process
quality, and output outcome quality as the entry
point. Wang et al.'"’ selected 27 airport service
quality evaluation indicators across three dimen-
sions, physical, operational, and human factors.
Pamucar et al.'"" selected nine primary indicators,
including ground transportation and security screen-
ing, along with 49 sub-indicators based on the Sky-

trax rating system to evaluate airport efficiency. Jia

1.12) selected 28 sub-indicators across four di-

et a
mensions, social responsibility , economic feasibili-
environmental

ty, operational efficiency, and

(18] selected five indicators

friendliness. Grynia et al.
to conduct a quantitative evaluation of airport effi-
ciency. Wang et al.'"’ adopted operational and fi-
nancial dimensions as indicators for airport perfor-
mance evaluation. Kuo et al.""”! selected seven indi-
cators, including time cost, convenience, and
comfort, to construct an airport service quality
evaluation system.

Numerous scholars have conducted research on
the evaluation indicators of airport service quality.
However, as shown in Table 1, some studies exces-
sively pursue the comprehensiveness of evaluation
results. Despite selecting a large number of indica-
tors, several of them are highly correlated and ex-
hibit significant information overlap, which under-
mines the validity of the assessment outcomes. Fur-
thermore, while some studies have focused on criti-
cal factors such as time and efficiency, they have
overlooked essential indicators like flight safety and
passenger services. Additionally, some studies have
adopted overly narrow indicators that fail to compre-
hensively capture the key dimensions of airport ser-

vice quality evaluation.

Table 1 Studies on airport service quality evaluation indicators

Content Literature

Summary

The selected indicators are quite comprehensive; however, multiple indicators are

Refs.[3,6,9-10] highly correlated and exhibit significant information overlap, which undermines the

Research on evaluation
indicators for airport

) ) Refs.[4-5,12]
service quality

Refs.[7-8,11,
13-15]

validity of the evaluation results.

Although attention has been paid to key factors such as time and efficiency, critical

indicators like flight safety and passenger service have been overlooked.
The selection of indicators is too one-sided and fails to comprehensively cover the

key dimensions of airport service quality evaluation.

Regarding the evaluation of service quality at

civil airports, many scholars have employed cluster-

[16]

ing models for analysis. Zhang et al.''" employed a

systematic clustering analysis method to classify the

service quality competitiveness of 39 major airports.

1 [17]

Yang et a applied K-means clustering analysis to

categorize the operational support service capabili-

ties of 182 small and medium-sized airports across

1 [18]

the country. Wang et a employed a grey possibil-

ity clustering model to evaluate the service level of
the curb lane at airport terminals. Pauwels et al."”
employed latent profile analysis to categorize region-
al airports in Western Europe into four distinct

) conducted a cluster analysis of pas-

groups. Gao
senger traffic at U. S. airports using the K-shape
clustering method. Urban et al.”" employed a multi-
dimensional two-step clustering analysis method to

classify 42 airlines into seven distinct business mod-
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els. Wen et al.'”’ utilized a multiple correspondence
clustering method to conduct a cluster evaluation of
airline service quality and competitive positioning.
Currently, the applications of the grey possibili-
ty clustering (GPC) model in evaluating service
quality at civil airports are relatively limited. GPC 1s
a method that utilizes possibility functions to assign
objects into predefined classes. Compared to other
clustering methods, (1) GPC allows for the pre-def-
inition of both the number of classes and their quali-
ty (e.g., superior or inferior) ; (2) it imposes no re-
quirements on the size of the dataset, suitable for
small samples; (3) it clusters objects based on pos-
sibility functions rather than relying on the calcula-
tion of Euclidean distances between data points.
The GPC model has been applied to various fields,
including quality risk assessment'®’, bank efficiency

evaluation*"

, drought risk assessment'®’, and inno-
vation capability research'”’. However, in most of
the aforementioned applications, the weights of clus-
tering indicators are assigned directly by decision-
makers, which can easily introduce human bias and
result in a lack of scientific justification and persua-
siveness in weight allocation. In contrast, objective
weighting methods derive weights directly from the
data themselves, ensuring impartiality and objectivi-
ty, thereby leading to more authentic and reliable
evaluation results. Compared to other objective
weighting methods, the CRITIC method™” takes
into account both the contrast intensity of the indica-
tor data and the conflict between indicators. This
comprehensive approach enables a more thorough
and in-depth exploration of the intrinsic information
within the data, avoiding double-counting highly
correlated and redundant indicators. As a result, it
yields more scientific and robust weighting out-
comes.

Based on the research perspective, the GPC
model can be categorized into forward GPC and in-
verse GPC. In the traditional forward GPC model,
after defining the objects, indicators, and classes,
objects are assigned to corresponding grey classes
through the construction of possibility functions.
However, the possibility function is primarily deter-
mined by the decision-maker’s subjective preferenc-

es. Different decision-makers may construct differ-

ent possibility functions, leading to inconsistent or
even contradictory clustering results. This implies
that the clustering outcomes are inherently subjec-
tive. Inverse GPC'"* is a method that quantitatively
derives the possibility function based on partially
known clustering results. This approach ensures
that the final clustering outcomes remain consistent
with the known partial results, thereby enhancing
the objectivity of the clustering process. However,
the inverse grey possibility clustering model in-
volves complex computations. Moreover, in practi-
cal applications, partially known clustering results
may not always be available, which limits the appli-
cability of this method.

In summary, the following difficulties exist in
objectively evaluating the service quality of civil avi-
ation airports using the GPC model: (1) The possi-
bility function of the forward GPC model is challeng-
ing to construct and often relies on subjective input
from decision-makers, leading to significant uncer-
tainty in the clustering results. (2) Although the in-
verse GPC model can quantitatively determine the
possibility function, it may lack partially known
clustering results to serve as input data in practical
applications. (3) Determining indicator weights is
challenging.

Building upon the aforementioned issues, this
paper comprehensively considers the objectivity of
indicator weights, the objectivity of clustering re-
sults, and the simplicity of model computation. A
CRITIC-bidirectional
model is constructed by integrating the CRITIC

grey possibility clustering
method, the forward GPC model, and the inverse
GPC model. This model achieves complementary
advantages of multiple methods, thereby enhanc-
ing the objectivity and accuracy of the clustering re-
sults.

The remainder of this paper is organized as fol-
lows: Section 1 constructs the CRITIC-bidirection-
al grey possibility clustering model. Section 2 estab-
lishes the service quality evaluation indicator system
for civil airports and calculates the indicator weights.
Section 3 uses the proposed model to cluster the ser-
vice quality of nine domestic civil airports. Section 4

concludes the study.
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1 CRITIC-Bidirectional Grey Pos-
sibility Clustering Model

1.1 CRITIC method

CRITIC method is a multi-criteria decision anal-
ysis approach that assesses the significance of indica-
tors in accordance with their correlations. It offers an
objective reflection on the importance of each indica-
tor, mitigating the influence of human factors. Thus,
it is commonly used for evaluating and selecting solu-
tions. The CRITIC method include the following
three steps.

(1) Dimensionless processing

Since all the indicators selected in this study
are benefit-oriented ones, the data are standardized

T, — min x,

i

by formula z,, = , where x,. repre-

max x;, — min x
sents the observed value of object 7 regarding the
secondary indicator ¢ and z, the standardized value
of x.
(2) Calculation of the information carrying
capacity

The cth indicator of the volatility is

where z, represents the mean of the data for the cth

indicator. The cth indicator of the conflict is

R=101-7r)
=1

where 7, represents the Pearson correlation coeffi-
cient between the jth and cth indicators. The infor-
mation carrying capacity is I, =S, X R,.

(3) Determine objective weights

I(
The weight of the cth indicator is y, = ——.
2.1
c=1
1.2 Bidirectional grey possibility clustering

model

Definition 1 (Bidirectional grey possibility
clustering model) In the evaluation system, there
are n objects, m indicators, and s grey classes. The
observation value of indicator j(j=1,2, - ,m) for

the ith(i=1, 2, -+, n) object is x;. Therefore, the

method of classifying the ith object into the
kth(ke{1, 2,---, s}) grey class is called the grey
possibility clustering model. In the GPC model, the
challenge of analyzing all possible f;*(*) with given
observed values X and clustering results is called the
inverse grey possibility clustering (IGPC) model.
The bidirectional grey possibility clustering model
then arises from the integration of the forward GPC
and the inverse GPC models. This model entails
constructing possibility functions for clustering anal-
ysis and, based on known clustering results, quanti-
tatively solving for all feasible possibility functions.
Definition 2 (Center-point triangular possibili-

ty functions) **"

In the evaluation system, there
are n objects, m indicators, and s grey classes.
Then, the possibility function value of object i be-
longing to grey class £ with respect to indicator j is
denoted as f;*(x;), and the possibility function of n
evaluation objects regarding indicator j belonging to
grey class % is denoted as f;"(*). Let the possibility
function /() of the ith object belonging to the grey
class £ with respect to indicator j be the center-point
triangular possibility function, as shown in Fig.1.
A~ ! is the center point of kth class, which means
the point A} most likely belongs to the kth class re-
A A
2

the possibility function value of observation z; for in-

garding the jth index, and A} = . Then,

dicator j belonging to grey class 4 is

0 LA L AT
xt.‘f*/lf/'?il b1k
— x, €A A
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Fig.1 Center-point triangular possibility function

Definition 3 (Clustering coefficient matrix) "
Assuming .z is the observed value of object 7 with re-
spect to indicator j, f;*(*)is the center-point triangu-

lar possibility function, then
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ey trayed in Fig.2. Then, f;*(*) has 2s line segments.
"f:ij‘(Iﬂm (2) Y & /) &

i=1 The element y, in Y, represents the /th line. There-

is called the clustering coefficient of object 7 belong-
ing to grey class 4, where 7, is the weight of indica-
tor j.

The clustering coefficient vector of the object i
is referred to as

o,= (ol 0k, 0l -, o)) (3)

The clustering coefficient matrix of n objects is

referred to as

0-11 612 oo 0'1\

s OF 0y

o= :“ . . (4)

1 2 vee ;
0, 0, 0,

If max {o/}=0/, it is considered that object
k=1
belongs to the grey class 4.
Theorem 1 (Matrix representations of symmet-

In a GPC model,

/*(*) is the center-point triangular possibility func-

ric grey possibility functions)**

tion, which is composed of 2s line, as shown in

Fig.2. The matrix of these lines is expressed as

Y,=M;x+ N, (5)
(—1)/d,
—1)/d;
where = 1)/, , N,=

(— 1)2.\~+1/dj

[3d,+(—=1)"(44] + 5d;) ] /4d, i
[3d,+(—1 (42" +9d,)]/4d, y v
. L A B
[3d,+(—1)* (420 +(4s+ 1)d;) ] /4d, v
_yjz ))jl))j4);i3 ijk -yjzlrl .yjb ))erl

)

A ,1;”\ " /1;** e ,1;""\ x

SN N

-1
Fig.2 2s lines of the symmetric center-point triangular pos-

sibility function

In Theorem 1, f'(¢)€[0,1] is a piecewise
function as defined in Eq.(1) and Fig.1. For each
class, its center-point triangular possibility function
consists of two-line segments. For example, for
class %, the two-line segments of grey possibility

function are y*€[0,1] and y/* '€[0,1] as por-

fore, for a given x;

vy N (xy) oy tel0,1]
[Hx)=1 v/ (x;) y/el0,1]
0 vy €(0,1)

Definition 4 Iet e, be a 2s-dimensional col-
umn vector where the /th entry is 1 and all other en-
tries are O. Let J; and J, be two 0-1 $X 25 matrices

_ T
Jl_(ely €3, €1y, €3, 32\—1)

12:(627 €uyt, Copy ity €on s, €9, )T

As described in Theorem 1, Y, is a 25 X 1 ma-
trix. Then, let Y denote a 25 X m matrix and Y =
(Y, Yo, +o+, Y, -=-, Y,). Then, let £, and 2, be
two s X m matrices

Q=J-Y, ,=J,-Y

Definition 5 Assuming there are two m X n
matrices A and B, The Hadamard product is de-
fined as C= A o B as the m X n matrix of the same
order matrix C(p,q)=A(p,q)*B(p,q). Define
0 = max{2,, 2.} as the m X n matrix of the same
order matrix 2( p, g)=max{2,(p,q), 2,(p,q)}.
According to Definition 4, it is known that both
,=J,-Yand 2,=J,- Y are two s X m matrices.
LetA, and A, be two s X m matrices, and A, (&, j )=

| 2,(k )|, Ay(k,j)=|8,(k,j)|. Then, we can ob-
tain the following s X m matrix ¥
W:ﬂlOQZ+A10A2 (6)
2max{ 92, 2.}

Theorem 2 (Matrix representations of grey

clustering coefficient) '

Assuming there are n ob-
jects, m indicators, and s grey classes in the evalua-
tion system, &, is the observed value of object ¢
with respect to indicator j. Given that the weight
vector of m indicators is p =(%y, 5, **+,7,,)", and
based on previous evaluation results, it i1s known
that object 7 belongs to grey class 4. ¥ is the matrix
defined by Definition 5. Therefore, the matrix repre-
sentations of grey clustering coefficient for object ¢

can be represented as

. 0,:02,+A,°A,
Lol )= oy =
2max{2,, 2.}
Y.y (7)

Theorem 3 (IGPC model)

J— 1 2 k
o;,=(a/,al,- 0l

Assuming there
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are n objects, m indicators, and s grey classes in the
evaluation system, x; is the observed value of ob-
ject 7 with respect to indicator j. Based on the previ-

ous evaluation results, it is known that object 7 be-

longs to grey class 4/, so ;" (*) should satisfy

ﬁr}i\alx Dk )X ) =6l (8)
= - =1

i=1 " J

Eq.(8) is equivalent to inequation (9)

n & Qzl(kz*,j)x sz(/?:,]')JFAA(]»’I*,]')XAIZ(;»’;,]')7 'Qll(kvj)x‘QJZ(k»j)+Azl(k,j)><A12(k7j)><

2max {82, (k,j), Q,(k,j)}

i=1;=1

Proof

belong to class 4" under m indicators, inequation

When only one object 7, is known to

(10) can be obtained from Definition 3
kes—{k'} (10)

According to Theorem 2, o,= (o}, o/, -+,

/a k
o; = o}

ol o))=Y, +q, and > (¥, (& j)X y,)=0/.

j=1

Therefore, inequation (10) can be transformed

z D, (ki j)e (ki j)+ Ak, j)eA (ki G) (R, j) (K, )+ A (R, j)A (R, )

2max {2, (k,j), 2,(k, j)} ’71)>O
9)
into

m m

DR )X )= D (W, (k, j)X 5,)>0 (11)

j=1 i=1
According to  Definition 5, W, (%, j)=
Qi‘l(/e’ ])>< Q:\Z(k’ j)+Ai,l(k’ ])X AI‘Z(k’ ])
2max{ €., (k, j), .,(k, j)}

Then inequation (11) is equivalent to inequa-
tion (12)

ji=1 Zmax{ﬂl(}\):yj)iQZ(k;p])}
where k€5 — {£"}.
When the number of objects with known clus-

tering results i1s 7, the evaluation result of object ¢

is only related to the possibility function f;*(*) of in-

o Ql(/ef*,j)'Qz(k:,j)+A1(/€:,j)'A2(/€;,].) o Ql(k»])'Qz(/e,])+A1(k,])'A2(/€,])

>0 (12)
2max{ 2, (%, j), 2,(k,j)}

dicator j with respect to grey class 4, and is inde-
pendent of the observed values of other objects.
Therefore, according to Egs.(6,12) , for any ob-

ject i

2

i=1j=1

omax{ @, (£, j), 2.(k, j))
Theorem 3 is proven.

1.3 Solving steps
The application of the CRITIC-bidirectional

grey possibility clustering model proposed in this
study includes four steps as follows.
Step 1

ments including the clustering indicators, objects,

The initial step defines the iput ele-

classes and raw data and then analyzes the partially
known clustering results.

Step 2
weight of each indicator using the CRITIC method

The second step is to calculate the

based on the input.

Step 3 The bidirectional grey possibility clus-
tering model is utilized to determine the required
possibility functions. the IGPC model is established
according to the inputs as given in Steps 1 and 2.
And then the required inequalities are calculated by
using the Theorems 1, 2 and 5.

Step 4 The last step calculates all available in-

equations, generates a set of available grey possibili-

X 7]j)>0
2max{92,(k,j), 2,(k,j)}

ty functions, and obtains clustering coefficient ma-

trix and clustering results.

2 Evaluation Indicator System for

Civil Airport Service Quality

2.1 Construction of evaluation indicator system

The construction of an indicator system is the
most fundamental step in evaluating the service qual-
ity of civil airports. Whether the indicator system is
rationally constructed directly affects the evaluation
results. Therefore, during the process of construct-
ing the indicator system, it is essential to adhere to
the principles of scientific rigor, systematicness,
feasibility, relevance, differentiation, hierarchy,
comparability, and data availability. According to
Table 1, in constructing the service quality evalua-
tion indicator system for civil airports, this study
systematically reviews and integrated existing re-

search (Refs.[ 3-15]) and focuses on the core prin-
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ciples of “multi-dimensional integration, refining
and eliminating redundancy, and strengthening
weaknesses to consolidate the foundation”. First,
it broadly incorporates widely recognized dimen-
sions of service quality from existing studies, such
as operational support, safety assurance, passen-
ger care, and airport environment, laying a com-
prehensive framework for the system. Subsequent-
ly, targeted revisions are made to address two
prominent issues commonly found in existing re-
search, indicator information overlap and missing
key dimensions. On one hand, by eliminating high-
ly correlated and semantically redundant indica-
tors, efforts are made to enhance the independence
and representativeness of the indicator set, thereby
avoiding the risk of compromising evaluation validi-
ty due to an excessive pursuit of comprehensive-
ness. On the other hand, within the integrated
framework, core elements overlooked in some
studies, such as flight punctuality and complaint
management, are specifically supplemented, while
the critical dimension of passenger satisfaction is re-
fined and strengthened. Ultimately, a civil airport
service quality evaluation indicator system is estab-
lished, comprising four dimensions, passenger sat-
isfaction, airline satisfaction, flight punctuality,
and complaint management, with a total of 16 spe-
cific indicators. This ensures an optimal equilibri-
um between the completeness of the theoretical
framework and the effectiveness of evaluation prac-
tices. The detailed indicators are presented in Ta-
ble 2. The indicators in Table 2 are elaborated as
follows.

(1) Passenger satisfaction. Passenger satisfac-
tion is one of the key dimensions for measuring air-
port service quality, reflecting passengers’ subjec-
tive perceptions and evaluations of their overall ser-
vice experience at the airport. Passenger satisfaction
is primarily measured through eleven indicators, as
listed in Table 2. @ Airport access traffic refers to
the evaluation of the convenience, completeness,
and efficiency of transportation systems connecting
the airport to surrounding areas. @ Check-in proce-
dures pertain to the efficiency and convenience expe-

rienced by passengers during the check-in process.

Table 2 Evaluation indicator system for civil airport ser-

vice quality

First-level

L Second-level indicator
indicator

Airport access traffic
Check-in procedures
Security check
Baggage service
Terminal facilities and environment

WiF1 service
Passenger

. . Airport business
satisfaction

services
Guidance service
Information service
Boarding and
deboarding service
Flight delay service

Safety assurance
Airline satisfaction Operational support

Service support

Flight punctuality Flight punctuality
Complaint Complaint
management management

® Security check refers to the efficiency and compli-
ance of airport security inspection procedures. @
Baggage service encompasses the accuracy of bag-
gage handling, the timeliness of baggage delivery,
and the sophistication of the baggage tracking sys-
tem. @ Terminal facilities and environment encom-
pass the cleanliness of the terminal building, appro-
priate temperature control, comfort of seating ar-
rangements, and rational layout of commercial facili-
ties. ©® WIFi service reflects the coverage and con-
nection stability of the airport’ s wireless network.
@ Airport business services reflect the quality of
amenities such as dining, shopping, and lounge fa-
cilities within the airport. ® Guidance service and
@ information service measure the clarity of airport
signage, as well as the responsiveness and accuracy
of staff in addressing passenger inquiries. (@ Board-
ing and deboarding service involves the clarity of
gate indications, the smoothness of the boarding
process, and the efficiency of guidance during dis-
embarkation. @ Flight delay service reflects the air-
port’ s care for passengers and the adequacy of sup-
port measures provided during flight delays.

(2) Airline satisfaction. Airline satisfaction is
another crucial dimension for measuring airport ser-

vice quality, which reflects the quality of coopera-



No. 1 ZU Lili, et al. Service Quality Evaluation of Civil Airports Based on--- 117

tion between the airport and airlines. Airline satisfac-
tion is mainly reflected by three aspects. O Safety
assurance covers the airport’ s safety management
measures, the completeness of safety facilities, and
emergency response capabilities, ensuring that air-
lines can carry out various operations safely and effi-
ciently. @ Operational support involves the airport’
s flight departure punctuality rate, ground sliding ef-
ficiency, and the rationality of seat arrangement, di-
rectly affecting the operational efficiency and cost
control of airlines. @ Service support includes the
airport” s ground service support for airlines, the
smoothness of cooperation and communication, and
the timeliness of information sharing, reflecting the
level of collaborative cooperation between the air-
port and airlines.

(3) Flight Flight

serves as an important manifestation of airport oper-

punctuality. punctuality
ational efficiency, reflecting the comprehensive ca-
pabilities of the airport in flight departure, ground
support, air traffic management, etc. Flight punctu-
ality is a composite manifestation of such indicators
as flight punctuality rate, airport departure punctu-
ality rate, early departure flight departure punctuali-
ty rate, flight delay handling efficiency, flight can-
cellation rate, the distribution of delay time, and
the efficiency of flight recovery. The level of flight
punctuality indicators directly affects passengers’
travel experience and the operational efficiency of
airlines.

(4) Complaint management. Complaint man-
agement underscores the airport’ s commitment to
passengers’ feedback, reflecting the efficiency and
quality of complaint handling process. This includes
the response time to complaints, the completion of
time for complaint solution, the satisfaction of pas-
sengers with the handling results, and the imple-

mentation of follow-up improvement measures.
2.2 Weight calculation of evaluation indicators

This study selects nine airports as research sub-
jects, Shanghai Pudong Airport, Guangzhou Bai-
yun Airport, Shenzhen Bao’ an Airport, Guilin Li-
angjiang Airport, Wuxi Shuofang Airport, Xuzhou

Guanyin Airport, Lianyungang Huaguoshan Air-
port, Zhoushan Putuoshan Airport, and Hotan
Kungang Airport. Based on the civil airport service
quality evaluation index system constructed in sec-
tion 2.1, raw service quality data for the nine air-
ports across 16 indicators can be collected {rom the
2023 Civil Airport Service Quality Evaluation Re-
port published by the China Civil Airports Associa-
tion in 2024. The specific data are presented in Ta-
ble 3.

Each value in Table 3 represents the service
quality score of the object (airport) listed in the col-
umn header with respect to the indicator specified in
the row header. A higher score indicates better ser-
vice quality for that particular indicator. For exam-
ple, the observed value “88” in the second row and
third column indicates that Shanghai Pudong Air-
port received a score of 88 for the quality of its air-
port access traffic services.

According to Table 3, the weights of each sec-
ond-level indicator accounting for the primary indica-
tor calculated by the CRITIC method are shown in
Table 4.

Given the relatively minor disparities among
the original data, the second-level indicator data are
standardized to the range of [ 30, 90], and the stan-
dardization method is as follows.

(1) Determine the maximum value max . and
minimum value miin 1, under each indicator.

(2) Calculate the
90) /( mfix T — mlin x,-,>.

(3) Obtain the standardized data z, =30+

/g((xn-* ml_in In-) The standardized indicator values

coefficient k= (90—

are shown in Table 5.
The second-level indicator data are synthesized

into the primary indicator data, and the calculation
P

method 1s 2, = nzi The final data of the four
c=1

primary indicators are shown in Table 6.
The weights of the primary indicators are calcu-
lated by the CRITIC method, and the calculation re-

sults are shown in Table 7.



118 Transactions of Nanjing University of Aeronautics and Astronautics Vol. 43

Table 3 Original data of evaluation for civil airport service quality in 2023

Shanghai Guangzhou Shenzhen — Guilin Wuxi  Xuzhou Lianyungang Zhoushan  Hetia

Firstlevel Second-level Pudong  Baiyun Bao’an Liangjiang Shuofang Guanyin Huaguoshan Putuoshan Kungang

indicator indicator Airport  Airport  Airport  Airport  Airport Airport Airport Airport  Airport
Arport g 90 90 87 88 83 87 90 87
access traffic
Check-in pro-
87 92 91 88 84 88 92 89 92
cedures
Security 84 89 87 83 82 82 88 82 82
check
Baggage 89 88 85 82 83 82 90 85 88
service
Terminal fa-
cilities and 81 91 91 84 82 81 90 84 82
environment
Passenger - WiF 90 90 90 80 81 75 90 89 79
satisfactory  service
Airport busi-
. 91 85 85 76 75 73 79 77 75
ness services
Guidance ser™ o 92 90 87 85 88 89 87 86
vice
Information g ¢ 93 91 89 82 86 94 91 86
service
Boarding and
deboarding 80 90 88 88 83 85 89 88 87
service
Flight delay g 77 68 7 70 70 69 70 78
service
Safety assur-
94 97 96 93 98 94 92 93 93
ance
Airline Operational o, 96 94 92 97 92 92 92 94
satisfaction  support
Service sup™ g, 94 92 91 97 91 93 92 94
port
Flight = Flight punc= 4, 90 90 81 67 88 80 82 83
punctuality tuality
Complaint Complaint
manage- P 99 98 99 98 99 96 98 77 98
management
ment
Table 4 Weights of each second-level indicator calculated by the CRITIC method
First-level indicator Second-level indicator Weight
Airport access traffic 0.089 8
Check-in procedures 0.0859
Security check 0.077 3
Baggage service 0.099 9
Terminal facilities and environment 0.088 8
Passenger satisfaction WiFi service 0.083 7
Airport business services 0.090 0
Guidance service 0.067 0
Information service 0.068 9
Boarding and deboarding service 0.102 9
Flight delay service 0.145 8
Safety assurance 0.3411
Airline satisfaction Operational support 0.270 4
Service support 0.388 5
Flight punctuality Flight punctuality 1.000 0

Complaint management Complaint management 1.000 0
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Table 5 Standardized indicator values
. Shanghai Guangzhou Shenzhen Guilin Li- Wuxi  Xuzhou Lianyungang Zhoushan  Hetia
First-level Second-level . . R . . .
indicator indicator Pudong Baiyun Air- Bao’an  angjiang Shuofang Guanyin Huaguoshan Putuoshan Kungang
Airport port Airport  Airport  Airport  Airport Airport Airport  Airport
Airport ) g 90.0 90.0 64.3 729 30.0 64.3 90 64.3
access traffic
Checkin pro= o) o 90.0 82.5 60.0 300  60.0 90.0 67.5 90.0
cedures
Security 47.1 90.0 72.9 38.6 300 30.0 81.4 30.0 30.0
check
Bag%ﬁfg ST 825 75.0 52.5 30.0 375 30.0 90.0 52.5 75.0
Terminal fa-
cilities and 30.0 90.0 90.0 48.0 36.0 30.0 84.0 48.0 36.0
environment
Passenger - Wik 90.0 90.0 90.0 50.0 540  30.0 90.0 86.0 46.0
satisfactory ~ service
Airportbusi= ) 70.0 70.0 40.0 367  30.0 50.0 43.3 36.7
ness services
("“‘di?ccee ST 47 90.0 72.9 47.1 300 557 64.3 47.1 38.6
Information 5 85.0 75.0 65.0 300 50.0 90.0 75.0 50.0
service
Boarding and
deboarding 30.0 90.0 78.0 78.0 48.0 60.0 84.0 78.0 72.0
service
Flightdelay =, 49.3 30.0 36.4 343 34.3 32.1 34.3 51.4
service
Safety 50.0 80.0 70.0 40.0 90.0  50.0 30.0 40.0 40.0
assurance
Airline - Operational -, 78.0 54.0 30.0 90.0  30.0 30.0 30.0 54.0
satisfaction  support
Service 30.0 64.3 47.1 38.6 90.0  38.6 55.7 47.1 64.3
support
Flight Flight 90.0 90.0 90.0 66.5 300  84.8 63.9 69.1 71.7
punctuality punctuality
Complaint Complaint
ar
manage- P 90.0 87.3 90.0 87.3 90.0 81.8 87.3 30.0 87.3
management
ment
Table 6 Primary indicator data
Guangzhou Shenzhen Guilin Li-  Wuxi  Xuzhou Lianyungang Zhoushan Hetian
. Lo Pudong . . R . . .
First-level indicator Airport Baiyun Air- Bao’an  angjiang Shuofang Guanyin Huaguoshan Putuoshan Kungang
P port Airport Airport  Airport  Airport Airport Airport  Airport
Passenger satisfaction 64.0 80.4 70.3 49.9 40.2 39.4 72.1 58.2 54.6
Airline satisfaction 43.3 73.4 56.8 36.8 90.0 40.2 40.0 40.1 53.2
Flight punctuality 90.0 90.0 90.0 66.5 30.0 84.8 63.9 69.1 71.7
Complaint management  90.0 87.3 90.0 87.3 90.0 81.8 87.3 30.0 87.3

Table 7 Weights of primary indicators calculated by the

CRITIC method

Indicator Weight
Passenger satisfaction 0.23
Airline satisfaction 0.29
Flight punctuality 0.25
Complaint management 0.23

3 Service Quality

Civil Airport

Evaluation of

This study selected nine airports for in-depth

analysis. Leveraging the established service quality
evaluation index system for civil airports, a grey
possibility clustering model is applied to assess their
service performance. The analysis ultimately classi-
fied the nine airports into three distinct tiers, “Aver-
age” “Good” and “Excellent” , which aptly reflect

their relative service quality standings.
3.1 Construction of possibility functions

The nine airports under evaluation, Shanghai

Pudong International Airport, Guangzhou Baiyun
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International Airport, Shenzhen Bao’an Internation- 0 Ts€(56,112)
al Airport, Guilin Liangjiang International Airport, s — D6
Wuxi Shuofang Airport, Xuzhou Guanyin Airport, Ji (xa)= 28
Lianyungang Huaguoshan Airport, Zhoushan Putu- 12 = 2 r,€(84,112)
oshan Airport and Hotan Kungang Airport, are des- 28
. o . o 0 2 €(0,60)
ignated as 1—9 accordingly. The four indicators of
passenger satisfaction, airline satisfaction, flight F(z) “;S 2,6(0,30]

4 Ly )—
normality and complaint management are represent- 60 — 2
Cid
ed by numbers 1—4, and the three performace cate- BE 2, €(30,60)
gories of “Average” “Good” and “Excellent” are 0 2.€(30.,90)
represented by numbers 1, 2 and 3, respectively. =30
i4
Through an analysis of the 2023 Civil Airport [ (x)= 30 24 €(30,60 ]
Service Quality Evaluation Report, it can be con- 90 — x,
. —— 2.€(60,90)
cluded that, solely based on the passenger satisfac- 30
tion and airline satisfaction indicators, (Guangzhou 0 x4 € (60,120)
Baiyun Airport can be classified as “Excellent” , T Xy — 60 2,660,901
while Guilin Liangjiang Airport can be categorized Jilxa)= 30
as “Average”. Based on the IGPC model introduced 120 = 74 2,€(90,120)
30 ’ ’

in section 1, all applicable possibility functions for
the passenger satisfaction and airline satisfaction in-
dicators can be quantitatively derived by leveraging
partially known clustering results.

However, for the flight punctuality and com-
plaint management indicators, it is difficult to ob-
tain partial known clustering results, making it in-
feasible to quantitatively determine the correspond-
ing possibility functions using the IGPC model.
Therefore, this study adoptes the forward GPC
model and invites twenty experts specializing in air-
port service quality evaluation to participate in dis-
cussions. A consensus is ultimately reached to con-
struct the possibility functions for the flight punctu-

ality and complaint management indicators, which

are difined as

0 156(0,56)
X

f?l(-r‘z): 25 1:€(0,28]
56_ i
278]‘&2 x5€(28,56)
0 7,€(28,84)
X5 — 28

firs)=" 2g  1=€(28,56]
84 — x.
Tx% T5€(56,84)

Next, it is necessary to construct the IGPC
model to solve all feasible possibility functions un-
der the passenger satisfaction and airline satisfaction

indicators that satisfy the partially known clustering

.

results. If AY=A=0, ¢ 2{23, 29} , the un-
52" 52

known parameters in this example are ¢, and d,. Us-

ing Theorem 3, the interval satisfied by ¢, and d,,

and the given results generated by their inequality re-

lations are calculated.

Guangzhou Baiyun International Airport has
been classified as “Excellent”. Utilizing Theorem 3
and the IGPC model, a relationship is derived and
that must be satisfied. The details of which are pre-
sented in Table 8. “Non-existent” in Table 8 means
that d, and d, do not have a feasible relationship
within the corresponding range. Conversely both d,
and d, exhibit feasibility within the designated inter-
val and are labeled “All feasible”.

Guilin Liangjiang International Airport is classi-
fied as “Average”. The relationship between d, and
d, 1s finally calculated by IGPC model as shown in
Table 9.

By calculating the intersection of Tables 8,9, a

feasible relationship can be obtained that satisfies
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the sum of the given output results of the two air- means that d, and d, must satisfy two inequations in

ports, as shown in Table 10, where the symbol “N” the cell at the same time.

Table 8 Feasible relationship between ¢, and ., for Guangzhou Baiyun Airport

Condition 0<<d,<20.1 20.1<<d, < 26.8 26.8<d,<<40.2 d,>40.2
0<<d,<18.35 Non-existent All feasible 26.8<d,<32.16 Non-existent
. . 36.984  21.286 .

18.35 << d, << 24.47 All feasible All feasible p — p =>0.01 Non-existent

1 2
42,572  18.492 18.492  21.286

24.47<d,<36.7 24.47<<d,<29.36 do i =>0.53 y + y >1.3 Non-existent
2 1 1 2

d, > 36.7 Non-existent Non-existent Non-existent Non-existent

Table 9 Feasible relationship between ¢, and d, for Guilin Liangjiang International Airport

.. 0<d <
Condition 12 4;5 12.475<<d, < 16.63 16.63<<d, < 24.95 24.95<7d,<49.9 d,>49.9
0<<d,<.9.2 Non-existent Non-existent Non-existent 33.267 < d,<49.9 all feasible
33.267<<d,<<49.9N
9.2<<d,< . . . 11.477 10.672
- Non-existent Non-existent Non-existent 10.672  11.477 >0.92
12.27 — d, d,
d, d,
10.672  22.954 10.672 11.477
— >0.18N — <2 0.580N
12.27<d,< i _ _ dy d d; d,
Non-existent Non-existent Non-existent
18.4 11.477 T 10.672 — 104 11.477 i 10.672 ~0.87
d, d, ' d, d, ’
21.344 11.477
24.53<<d, < 36.80 - < 0.18N
184 <<d,<< 24.53<<d,< d, d 11.477 10.672 21.344 11.477
- 11.477 B 10.672 =034 11477 10.672 7 + 7 < 0.78 4 — 7 < 0.87
36.8 36.8 4, 4, . . 4 10 ~ 104 1 2 2 1
d, d,
11477 10.672 11;1477 a 10?72 =O0460 o 0sa 10.672
. . dsy . .
d,> 36.8 All feasible + >0.92 ! - — < 0.69 All feasible
d, d, 11.477  10.672 d, d,
+ =>0.69
d, d,
Table 10 Feasible d, and d, relationships between two airports
Interval between d, and d, Inequations should be satisfied
11.477  10.672 36.984  21.286
26.8<<d,<<40.2M18.4<Td, < 24.47 + < 0.78N — =>0.01
d, d, d, d,
0<<d;<12.475MN24.53<d,<29.36 All feasible
11.477  10.672 .
12.475<<d, << 16.6324.53<d,<29.36 7 4 >0.34
1 2
21.344 11477 11.477  10.672
16.63<<d,<<20.1M24.47<d,<29.36 — < 0.18N + < 1.04
d, d, d, d,
21.344  11.477 42.572  18.492
20.1<<d,<<24.95M24.47<d,<36.7 — < 0.18N S >0.53
d, d, d, d,
11.477  10.672 42.572  18.492
24.95<<d, < 26.8124.47<d,<36.7 + < 0.78N — >0.53
d, d, d, d,
11.477  10.672 18.492 ~ 21.286
26.8<d,<<40.2N24.47<d,< 36.7 + < 0.78N + >1.3
d, d, d, d,
Using feasible ¢, = 32 and d, = 26 from Table 0 xa€(0,64)
10, the possibility functions for the two critical indi- L L 2,€(0.32]
o o o fi(za)=19 32
cators passenger satisfaction and airline satisfaction, 64— »
il
x,€(32,64)

are constructed as 32
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0 x,¢(32,96) functions, the grey clustering coefficient matrix for
Ty — 32 the nine airports is calculated as
Frla)=l g n€(32,64] per - ]
Pt 32 ol ol o] [010 042 043
96 — x; 1 2 3
ST 2 €(64,96) ol ol oi| 000 018 076
32 oi oi o) 0.00 0.42 0.53
0 xa€(64,128) ol ol ol 0.27 0.43 0.30
2, — 64 o o6 Si=(cl)=|0s! o o}|=|040 0.08 0.39
fila=1 3z Ta€(64.96] ot ot of| |031 027 04l
128 — x, 0 o oi o) 0.13 0.53 0.34
3y *a€(96,128) sl ol o}| 040 048 0.12
0 2 @(0,52) Los o4 o5) L[0.07 0.57 0.36]
Zo Based on the clustering coefficient matrix, the
S (x2)=1 26 2,€(0,26] final service quality clustering evaluation results for
o2 — i i i Sy i
Tip 2,E(26.52) the nine airports are derived and are systematically
26 presented in Table 11. As seen in Table 11,
0 22§ (26,78) among the nine airports assessed, Shanghai
£ (a0) 1122_652 1, €(26,52] Pudong International Airport, Guangzhou Baiyun
2 (T2 )= .
78, International Airport, Shenzhen Bao’ an Interna-
2
2% z,€(52,78) tional Airport, and Xuzhou Guanyin Airport
0 7,@(52,104) achieves “Excellent”. Other airports, including
Ty — 52 Guilin Liangjiang International Airport, Lianyun-
( )={ o 1,€(52,78 ] .
S (ze 26 gang Huaguoshan Airport, Zhoushan Putuoshan
10426 Lo e(78.104) Airport, and Hetian Kungang Airport, are classi-

3.2 Clustering results and analysis

Based on the constructed possibility degree

fied as “Good”. In contrast, Wuxi Shuofang Air-
port underperforms comparatively, receiving an

“Average” rating.

Table 11 Final clustering results of civil airport service quality assessment

Shanghai Pudong ~ Guangzhou

Shenzhen Bao’an Guilin Liangjiang ~ Wuxi

Xuzhou Lianyungang Zhoushan Hetian

International ~ Baiyun Interna-  International International ~ Shuofang Guanyin Huaguoshan Putuoshan Kungang
Airport tional Airport Airport Airport Airport  Airport Airport Airport  Airport
Excellent Excellent Excellent Good Average Excellent Good Good Good

3.3 Model comparison

In this section, we compare the proposed
CRITIC-Bidirectional GPC model with the tradi-
tional forward GPC model.

In section 3.1, we utilize the IGPC model to
quantitatively determine the possibility functions for
both the passenger satisfaction and airline satisfac-
tion indicators, based on partially known clustering
results. In this section, we entirely rely on the for-
ward GPC model and again invite 20 experts in air-
port service quality evaluation to participate in dis-

cussions. A consensus is ultimately reached, lead-

ing to the construction of the possibility functions
for the passenger satisfaction and airline satisfaction

indicators as

0 2, €¢(0,50)
i

fll(l”-l): 25 x,€(0,25]
50 — x;
Txl x,€(25,50)
0 2, €(25,75)
111_25

fiz(Il): T 1116(25,50]
75 — x4
To5 2, €(50,75)
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0 2,€(50,100)
x4 — 50
Filan)={" g5 n€(50.75]
100 — z,
—s *n€(75,100)
O 112%(0,66)
X;
fZ](Iz): 332 1126(0,33]
66 — x4
33 x,€(33,66)
0 2,¢(33,99)
X — 33
(2 an)={ 33 1=€(33,66]
66 —
T x,€(66,99)
x€(66,132)
11'2766
Fixn)={" 33 %u€(66,99]
132 — x»
g3 ve€(99.132)

Under the condition that both f{(x;) and
ff (x4 ) remain unchanged, the clustering results can
be obtained, as shown in Table 12. As shown in Ta-
ble 12, there are inconsistencies in the clustering re-
sults of Wuxi Shoufang Airport, Lianyungang
Huaguoshan Airport and Zhoushan Putuoshan Air-
port between the final clusters obtained using the
CRITIC-bidirectional GPC model and those com-
puted with the forward GPC model. In the CRITIC-
bidirectional GPC model, the possibility functions
for two indicators are derived quantitatively based
on partially known clustering results, whereas in the
forward GPC model, all four possibility functions
are obtained through subjective expert judgment.
This indicates that decision-makers’ subjective pref-
erences significantly influence the clustering out
comes, and the CRITIC-bidirectional GPC model
can, to some extent, mitigate such subjective influ-

ence.

Table 12 Comparison of the clustering results between the two models

Shanghai  Guangzhou  Shenzhen  Guilin Li- . ) )
. B Wuxi  Xuzhou Lianyungang Zhoushan Hetian
Pudong Baiyun Bao’an  angjiang In- .
Model i . i . Shuofang Guanyin Huaguoshan Putuoshan Kungang
International International International ternational . . i i .
. . . . Airport  Airport Airport Airport  Airport
Airport Airport Airport Airport
CRITIC- ) )
S Excellent Excellent Excellent Good Average Excellent Good Good Good
bidirectional GPC
Forward GPC Excellent Excellent Excellent Good  Excellent Excellent Excellent  Average  Good

3.4 Countermeasures and suggestions

To further enhance service quality across all as-
sessed airports, this study summarizes performance
rankings and proposes tailored improvement strate-
gies for the nine airports.

For airports rated as “Excellent” , including
Shanghai Pudong International Airport, Guangzhou
Baiyun International Airport, Shenzhen Bao’ an In-
ternational Airport, and Xuzhou Guanyin Airport,
it is imperative to sustain and reinforce their service
advantages while addressing identified weaknesses
through targeted interventions. For example,
Shanghai Pudong International Airport should priori-
tize upgrades of terminal facilities, environments en-
hancements and WiF1 service improvements. In con-

trast, Xuzhou Guanyin Airport requires a holistic

service improvement, with a particular focus on
streamlining ground transportation accessibility and
check-in procedures. Furthermore, all airports are
strongly encouraged to adopt intelligent service solu-
tions, such as selfcheck-in kiosks and Al-driven se-
curity systems, thereby elevating passenger experi-
ence.

For airports categorized as “Good” , including
Guilin Liangjiang International Airport, Lianyun-
gang Huaguoshan Airport, Zhoushan Putuoshan
Airport, and Hetian Kungang Airport, strategic ef-
forts should focus on refining service granularity and
elevating passenger experience while preserving ex-
isting  strengths.  Specifically, Lianyungang
Huaguoshan Airport is advised to consolidate its

competitive edge in inquiry services and complaint
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resolution mechanisms. Conversely, Hetian Kun-
gang Airport needs to promote infrastructure con-
struction and service process optimization, with the
dual objectives of minimizing passenger waiting
times and enhancing comfort levels.

Wuxi Shuofang Airport, categorized as “Aver-
age” , needs comprehensive service improvements.
This requires implementing staff training programs
to refine service execution, alongside establishing
quality management system to standardize service
assurance protocols. Concurrently, cultivating a re-
gionally distinctive service culture will strengthen
brand identity, while talent recruitment pipelines
and optimized incentive mechanisms should be prior-
itized to enhance workforce professionalism. Addi-
tionally, strengthen infrastructure construction, in-
cluding terminal upgrades and service workflow opti-
mization, 1s critical to reducing operational bottle-
necks. The integration of smart technologies, such
as Al-driven passenger flow management and auto-
mated baggage systems, will further enhance ser-
vice efficiency. Through these coordinated mea-
sures, Wuxi Shuofang Airport can improve service
quality and passenger satisfaction, positioning itself

for tier advancement in future evaluations.

4 Conclusions

To establish a scientifically rigorous evaluation
system for civil airport service quality, this study de-
velops a multidimensional assessment framework
encompassing passenger satisfaction, airline satis-
faction, flight punctuality, and complaint manage-
ment. A detailed analysis is conducted to define spe-
cific components and indicator categories within
each dimension. The CRITIC method is employed
to determine objective indicator weights based on in-
ter-indicator correlations, thereby minimizing sub-
jective bias.

In order to address the challenge of defining
possibility functions in conventional GPC models,
this research introduces IGPC model. By leveraging
partially known clustering outcomes, the possibility
function is quantitatively derived through algebraic

computations. Subsequently, a bidirectional GPC

model is applied to evaluate service quality across
nine airports, Shanghai Pudong International Air-
port, Guangzhou Baiyun International Airport,
Shenzhen Bao’ an International Airport, Guilin Li-
angjiang International Airport, Wuxi Shuofang Air-
port, Xuzhou Guanyin Airport, Lianyungang
Huaguoshan Airport, Zhoushan Putuoshan Air-
port, and Hetian Kungang Airport.

Meanwhile, this study proposes targeted im-
provement strategies based on the evaluation re-
sults. The findings not only provide systematic
methodological support for civil airport service quali-
ty assessment, but also offer empirical evidence for
policy formulation and continuous service optimiza-
tion. This study thus demonstrates significant practi-
cal relevance, contributing to the enhancement of

airport service quality and passenger experience.
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WEAMREGEME—EHFLEGRMAG IS R TN 7 E5ER, A RIS LIRS KT R
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KRR R TEAIMNRANG G FIEFN, FRBEREERREA TSR, ARERE T, ETLIGI
A, Ll R T NEE RINER SNILFENG R H R H IR R BT, W ARG R —
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BT i AR WA RN AR B MENER, LARENELE FEE L,

KW :CRITIC i ; & & 3 & 7T 4 B & 30 RO AL IR 5 R 2 3

MRZA:

1 AIF R T CRITICR G R ETHRER KLY, KT SAFEMRF LA, BRTHAREREHRD

RO VR SR CAE RN X2 AR B

2.5INCRITIC i, & F RIS AT KB 3 R E Ao b R A B £ T SR TAIRAFN EL T+ F, MR T R
EREBA PR E IR ML EIGF A AERE ST L LR

AN ATEMIIG RS R EFNHARLTHRAFCEL TR XL F LGP, ERAESRENFRNEF
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