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Abstract: In order to reveal the complex network characteristics and evolution principle of China aviation network, the probability
distribution and evolution trace of average degree of edge vertices of China aviation network were studied based on the statistics data
of China civil aviation network in 1988, 1994, 2001, 2008 and 2015. According to the theory and method of complex network, the
network system was constructed with the city where the airport was located as the network node and the route between cities as the
edge of the network. Based on the statistical data, the average degrees of edge vertices in China aviation network in 1988, 1994, 2001,
2008 and 2015 were calculated. Using the probability statistical analysis method and regression analysis approach, it was found that
the average degree of edge vertices had the probability distribution of normal function and the position parameters and scale parameters

of the probability distribution had linear evolution trace.
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1. Introduction

Aviation network is typical complex network with
small world characters [1, 2]. The nodes of the network
have multiple parameters such as degree, clustering
coefficient, and average path length, which can be used
as the basis for studying the characteristics of nodes,
but the number of edges of the network is not only far
greater than the number of nodes, but also the study of
edge characteristics is more difficult to start for the
network without edge weights. Here, the average degree
of the edge vertices was used to describe the features of
the edge, and the degree of the two vertices of the edge
was used as the mean obtained by the arithmetic
average as the relevant parameters to describe the edge,
which was used as the basis for studying the properties
of the edge. The node degree of China aviation network
has the probability distribution characteristics of power
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function [3], but the probability distribution of the
average degree of edge vertices needs to be obtained
after calculation and analysis. This paper faces to the
aviation network of China through analyzing the
passenger data [4] of civil aviation airlines in year 1988,
1994, 2001, 2008 and 2015 to reveal the complex
network feature. According to complex network theory,
network system of airports and airlines of China was
constructed with airports regarded as nodes and airline
regarded as edges to study the probability distribution
of average degree of edge vertices and its evolution
trace of aviation network of China. Based on the
statistical data, the average degrees of edge vertices in
China aviation network in 1988, 1994, 2001, 2008 and
2015 were calculated. Using the probability statistical
analysis method and regression analysis approach, it
was found that the average degree of edge vertices had
the probability distribution of normal function and the
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position parameters and scale parameters of the
probability distribution had linear evolution trace.

2. Probability Distribution of Average Degree
of Edge Vertices of China Aviation Network

For network G =(V,E), where v, eV is the node

of G. V is the set of nodes. E is the set of edges [5],
(v;,v;) eE . Matrix A=(gq),, Was constructed,

where:

1
0, otherwise @)

1, (v,v.)eE
a”_:{ (v, €

Matrix A was called adjacent matrix of network
G . The degree of node Vv, was defined as the number

of edges connected to V; . The average degree of edge
vertices is defined as following:

DEVA-—(k +k;) )

In Eq. (2): k; is the degree of nodeV;; k, is the

degree of other nodes v, ; (v;,v;)€E.

(n=123,...... ,265) of 265 edges in 1988 were
gotten from A, and Eq. (2). The data in Table 1

were done statistics by these data according to the
interval in Table 1. The scattered points in Fig. 1 were
drawn by the data in Table 1. It was similar to normal
distribution function by observation. Let the quantity of
edges be N, the quantity of interval be m, the
spacing of interval i be § , the times of appearance
in interval i be K;, the frequency of appearance in

interval i be @, , the probability of appearance at

median pointininterval i be P;.Here Njg =265,

Miggs =5, Orees=8 . It could be known from the
probablllty density function of normal distribution [6]
in Table 1 and Fig. 1:
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Table1 Probability distribution of China aviation network
average degree of edge vertices in 1988.

2.1 Probability Distribution of Average Degree of Edge Interval [2,10] (10,18] (18, 26] (26,34] (34, 42]
Vertices in China Aviation Network in 1988 Median 6 14 22 30 38
Times 62 80 92 27 4
The adjacent matrix A Was gotten from statistic Frequency 0.234  0.3019 0.3471 0.1019 0.0151
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Fig. 1 Probability distribution diagram of China aviation network average degree of edge vertices in 1988.
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The normal distribution function iSN(u, o), ux IS
the location parameter, o is the scale parameter, its
probability density functionis f (x).

l *(X*ﬂ)z
e 252 (5)
N2ro

It could be gotten from the statistical properties of
normal distribution [6]:

f(x) =

N1988
Z X =17.2 (6)

1988 i=1

Fhggg =

i=1

N1988
6-1988:\/NE Z(X—X) =7.95 (7)
1988

Let fhee and O,4, be location parameter and

scale parameter to substitute in Eq. (5), the equation of

fitting curve could be gotten:

—0.0079(x-17.2)? (8)

Y10as = 0.05€

The fitting curve (Eq. (8)) and sample points  ; ;ggs
were drawn in Fig. 2 with good fitting effect.

To take &iigs (i = 1, 2, 3, 4, 5) as residual to
investigate the degree of approximation of fitting
through the residual distribution [6]:

1088 = Piioss -, 1988 )

The residual &; 45, Was drawn in Fig. 3. All points

in Fig. 3 were random fluctuation around & =0 and
the range of fluctuation was very small.

‘a’l%g‘ <0.011< Ggqs =7.95 . This illustrated

that the fitting effect was very good.
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Fig. 2 Fitting effect diagram of probability distribution of average degree of edge vertices in 1988.
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Fig. 3 Residual diagram of fitting curve of probability distribution of average degree of edge vertices in 1988.
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2.2 Probability Distribution of Average Degree of Edge
Vertices of China Aviation Network in 1994

The adjacent matrix Ay, Wwas gotten from statistic
data. The average degrees of edge vertices DnEVA
(n=123,...... ,589) of 589 edges in 1994 were
gotten from Ag, and Eq. (2). The data in Table 2
were done statistics by these data according to the
interval in Table 2. The scattered points Fig. 4 were
drawn by the data in Table 2. It was similar to normal
distribution function by observation. The definition of
parameters and relationship of parameters were similar
with Egs. (3) and (4) in Section (2.1). Here,
Nige, =589, My, =5, &4, =12.7. Itcould be gotten
from the statistical properties of normal distribution:

. 1 N1F§94
fhggs =—2— D % =27.64 (10)
N1994 i=1

A 1 N1%94 _
Olg94 = \/E— Z (% — X)* =10.8  (11)
N1994 -1 i=1
Let 1&1994 and 6'1994 be location parameter and
scale parameter to substitute in Eq. (5), the equation of
fitting curve could be gotten:

To take €iw04 (i = 1, 2, 3, 4, 5) as residual to
investigate the degree of approximation of fitting
through the residual distribution [7]:

Eit00a = Pirgos — yi,1994 (13)

The residual €j1994 was drawn in Fig. 6. All points
in Fig. 6 were random fluctuation around & =0 and
the range of fluctuation was very small.

|gi’1994| <0.001< 6,49, =10.8. This illustrated that
the fitting effect was very good.

2.3 Probability Distribution of Average Degree of Edge
Vertices of China Aviation Network in 2001

The adjacent matrix A,,,; was gotten from statistic
data. The average degrees of edge vertices DS
(n=12,3,......,730) of 730 edges in 2001 were
gotten from A,y and Eg. (2). The data in Table 3
were done statistics by these data according to the
interval in Table 3. The scattered points in Fig. 7 were
drawn by the data in Table 3. It was similar to normal
Table 2 Probability distribution of China aviation network

average degree of edge vertices in 1994.

15, (142, (269, (39.6, (523,
142] 269] 396] 523]  65]

Median  7.85 20.55 33.25 45.95 58.65

Interval

~ _ —0.0043(x—27.64)>
Y104 = 0.037e (12) Times 55 225 237 61 11
The fitting curve (Eq. (12)) and sample points Frequency 0.093 ~ 0382 0402 0104 0019
Piases Were drawn in Fig. 5 with good fitting effect. Probability 0.0074  0.0301 ~ 0.0317  0.0082  0.0015
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o
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Fig. 4 Probability distribution diagram of China aviation network average degree of edge vertices in 1994.
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Fig. 5 Fitting effect diagram of probability distribution of average degree of edge vertices in 1994.
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Fig. 6 Residual diagram of fitting curve of probability distribution of average degree of edge vertices in 1994.

Table 3 Probability distribution of China aviation network

distribution function by observation. The definition of
average degree of edge vertices in 2001.

parameters and relationship of parameters were

o ) ) ) [15, (163, (311, (459, (60.7,
similar with Egs. (3) and (4) in Section 2.1. Here, 163] 311] 459] 60.7]  75.5]
N3y =730, My, =5 | 5,0,,=14.8 . It could be Median 89 237 385 533 681

Interval

gotten from the statistical properties of normal Times 80 321 255 63 11
distribution: Frequency 0.1096 0.4397 0.3493 0.0863 0.0151
NE Probability 0.0074 0.0297 0.0236 0.0058 0.001
. l 2001
Haoor = N2E001 .2:1: X, =30.66 (14) Let /fboy and G,y be location parameter and
scale parameter to substitute in Eq. (5), the equation of
1 %om , fitting curve could be gotten:
Cor =4 |5 2 (X —X)" =13.8  (15)
N,y —1 = Voo = 0.029¢0.0026(x-3066)° (16)
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Fig. 7 Probability distribution diagram of China aviation network average degree of edge vertices in 2001.
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Fig. 8 Fitting effect diagram of probability distribution of average degree of edge vertices in 2001.
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Fig. 9 Residual diagram of fitting curve of probability distribution of average degree of edge vertices in 2001.

The fitting curve (Eq. (16)) and sample points
Pi 2001 were drawn in Fig. 8 with good fitting effect.

To take i1 (i = 1, 2, 3, 4, 5) as residual to
investigate the degree of approximation of fitting
through the residual distribution:

& 2001 = Pi 2000 — yi,2001 (17)

The residual €i2001 was drawn in Fig. 9. All
points in Fig. 9 were random fluctuation around ¢ = 0
and the range of fluctuation was very small.
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|gi'2001| <0.005 < 6, =13.8. This illustrated that the
fitting effect was very good.

2.4 Probability Distribution of Average Degree of Edge
Vertices of China Aviation Network in 2008

The adjacent matrix Ayggg
statistic data. The average degrees of edge vertices
D (n=12,3,......,940) of 940 edges in 2008
were gotten from Ay, and Eq. (2). The data in
Table 4 were done statistics by these data according to
the interval in Table 4. The scattered points in Fig. 10
were drawn by the data in Table 4. It was similar to

was gotten from

normal distribution function by observation. The
definition of parameters and relationship of parameters
were similar with Egs. (3) and (4) in Section (2.1).
Here, Ny =940 , My =5, ,,=16.8 . It
could be gotten from the statistical properties of
normal distribution:

Let fhgs and G,y be location parameter and
scale parameter to substitute in Eq. (5), the equation of
fitting curve could be gotten:

Yoo0s = 0.031e—0-003(x—35_9)2 0)

The fitting curve (Eg. (20)) and sample points
Pi 2008 were drawn in Fig. 11 with good fitting effect.

To take iz (i = 1, 2, 3, 4, 5) as residual to
investigate the degree of approximation of fitting
through the residual distribution:

& 2008 = Pi2008 — Yi.2008 (21)

The residual €i2008 was drawn in Fig. 12. All
points in Fig. 12 were random fluctuation around
& =0 and the range of fluctuation was very small.

‘ﬁzoos‘ <0.0035 < G,y =13 . This illustrated

that the fitting effect was very good.

Table 4 Probability distribution of China aviation network
average degree of edge vertices in 2008.

. Naogg interval L5 (183, (351, (519, (687,
Floges = Zx =35.9 (18) 183] 351] 519] 68.7]  85.5]
2008 i=1 Median 9.9 26.7 435 60.3 77.1
T Times 74 404 361 90 11
2008
&zoosz\/ = Z(X —X) 13 (19) Frequency 0.0787 0.4299 0.384  0.0957 0.0117
Nagos —1 i1 Probability 0.0047 0.0256 0.0229  0.0057  0.0007
0.03
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Fig. 10 Probability distribution diagram of China aviation network average degree of edge vertices in 2008.
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Fig. 11 Fitting effect diagram of probability distribution of

average degree of edge vertices in 2008.
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Fig. 12 Residual diagram of fitting curve of probability distribution of average degree of edge vertices in 2008.
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Fig. 13 Probability distribution diagram of China aviation

2.5 Probability Distribution of Average Degree of Edge
Vertices of China Aviation Network in 2015

The adjacent matrix Ao was gotten from
statistic data. The average degrees of edge vertices
(n=12,3,......,1924) of 1,924 edges in 2015 were

network average degree of edge vertices in 2015.

gotten from Ays and Eq. (2). The data in Table 5
were done statistics by these data according to the
interval in Table 5. The scattered points in Fig. 13 were
drawn by the data in Table 5. It was similar to normal
distribution function by observation. The definition of
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Table5 Probability distribution of China aviation network
average degree of edge vertices in 2015.

[25, (283, (541, (79.9, (105.7,
28.3] 541] 79.9] 105.7] 131.5]

Median  15.4 41.2 67 92.8 118.6
Times 208 897 672 130 17
Frequency 0.1081 0.4662 0.3493 0.0676 0.0088
Probability 0.0042 0.0181 0.0135 0.0026  0.0003

Interval

parameters and relationship of parameters were similar
with Egs. (3) and (4) in Section 2.1. Here,
N =1924 'my . =5, S,0s=25.8 . It could be
gotten from the statistical properties of normal
distribution:

. 1 Non15
Plass = 15— D % =51.74 (22)

2015 =1

1 N2Em5
——— D (% —%)?* =197 (3

O15 = NE
2015 ~ = i=l

Let fbys and Oy be location parameter and
scale parameter to substitute in Eq. (5), the equation of
fitting curve could be gotten:

Yoors = 0.02e 00013(x-51.74)” -

The fitting curve (Eq. (24)) and sample points
Pi 2015 were drawn in Fig. 14 with good fitting effect.
To take €ioms (i = 1, 2, 3, 4, 5) as residual to
investigate the degree of approximation of fitting
through the residual distribution:

&i 2015 = Pi 2015 — yi,2015 (25)

The residual €j,05 was drawn in Fig. 15. All
points in Fig. 15 were random fluctuation around
£=0 and the range of fluctuation was very small.

|:.2015| < 0.0015 < &,y =19.7 This illustrated that

the fitting effect was very good.
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Fig. 14 Fitting effect diagram of probability distribution of average degree of edge vertices in 2015.
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Fig. 15 Residual diagram of fitting curve of probability distribution of average degree of edge vertices in 2015.
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Fig. 16 The evolution diagram of probability distribution curve of average degree of edge vertices of China aviation network.

Table 6 The evolution of probability distribution parameter
of average degree of edge vertices of China aviation network.

Year 1988 1994 2001 2008 2015
17.2 2764 30.66 359 5174
795 108 138 13.0 197

Location parameter
Scale parameter

2.6 Evolution of the Probability Distribution of Average
Degree of Edge Vertices of China Aviation Network

The probability distribution parameters of the
average degree of edge vertices in China aviation
network were listed in Table 6. In order to more
intuitively observe the evolution trend of the
probability distribution of the average degree of edge
vertices, the probability distribution function curves of
these five years were plotted in Fig. 16. It could be
found that in Fig. 16, the five normal distribution
curves from left to right were the probability
distributions of 1988, 1994, 2001, 2008 and 2015
respectively. The width of the curve changed from
narrow to wide and the peak value of the curve changed
from high to low. The change of the position parameter
reflected the same situation, that was, the median point
of the curve moved to the right and became larger year
by year. The change of scale parameters was also the
same, that was, the scale parameters increase year by
year, and the curve gradually wider. Because the area
under the curve was unchanged and all were 1, the peak
value became lower.

3. The Evolution Trace of Probability
Distribution Parameter of Average Degree of
Edge Vertices of China Aviation Network

The evolution trace of probability distribution
parameters of average degree of edge vertices in
China aviation network was discussed here. Let the
location parameter of normal distribution be X. Let
the scale parameter of normal distribution be Yy, to
take X asabscissaand Yy asordinate. The location
parameters and scale parameters in Table 6 were
drawn in Fig. 17 as scattered points. The correlation
coefficient I of scattered points in Fig. 17 was
calculated.

] > (% - %)y, -7)
r= \/LVL =—=1 (26)

o \/i(xi XYY -9

i=1

Here, N =5. Using the data in Table 6, the value of
correlation coefficient I was calculated, r =0.975.

The critical value of r was 0.959 found in

a=1%
f=3

critical value table [7] at degree of freedom
f =n—2=3 and level of significant « of 1% .

Since |r|=0.975>0.959 = r‘azom, the scattered points
in Fig. 17 had significant linear correlation. Least

square method [7] was used as an approach in Eq. (27)
to fit the line with points in Fig. 17.
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Fig. 17 The scattered points diagram of parameter relationship of probability distribution of average degree of edge vertices.
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Fig. 18 The fitting effect diagram of linear relationship of probability distribution of nearest neighbor average degree.

Bo = V_ﬁli =212
L (27)

The linear equation:
y =2.12+0.335x (28)

The fitting line (Eq. (28)) was drawn with the sample

points in one diagram of Fig. 18 with good fitting effect.

To take t test [7] of Eq. (28), test hypothesis is:
H,:8,=0.
When the hypothesis was true, there is:

2
B ~N (o,f—) (29)

XX

Here, ﬁl fluctuates near zero, statistic t is build.

t: ﬂ,\l =ﬁl\/§

G’ o (30)
LX)(

o1 .
&* =n—Z(yi -9) (31)
- i=1

where:

Statistic t was calculated by data in Table 6 and Eq.
(29)-(31): t = 7.66.

To check the t distribution table [7], at significant
level a of 0.01 and degree of freedom f =n—-2=3

the value of t‘a:,l01 in table is 4.541. So,
f=3

[t|=7.66>4.541=t,_,, , null hypotheses Ho is refused.

The linear correlation of Eq. (28) is significant. The
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linear relationship between location parameter and
scale parameter in Fig. 18 illustrated that the evolution
of probability distribution of average degree of
edge vertices of China aviation network had linear
trace.

4. Conclusion

Based on the statistics of China civil aviation of in
1988, 1994, 2001, 2008 and 2015, the probability
distribution and evolution trace of the average degree

of edge vertices in China aviation network were studied.

According to the theory and method of complex
network, the network system was constructed with the
city where the airport was located as the network node
and the route between cities as the edge of the network.
The average degree of edge vertices of each edge was
calculated, and it was found that it had the probability
distribution of normal function, and the position
parameters and scale parameters of the probability
distribution had linear evolution trace.
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