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Abstract   By using the tools of statistical physics and re-
cent investigations of the scaling properties of different 
complex networks, the structural and evolving properties of 
the Chinese railway network (CRN) is studied. It has been 
verified that the CRN has the same small-world properties 
of the Indian railway network (IRN). According to the class 
of small-world networks, we believe the CRN is a single 
scale. In addition, a novel result is obtained. Measurements 
on the CRN indicate that the rate at which nodes acquire 
links depends on the node’s degree and follows a power law.  

Keywords  statistic mechanism, small-world network, co- 
mplex networks, railway networks 
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1 Introduction 

Many systems take the form of networks—sets of nodes or 
vertices, connected by links or edges. Chemical-reaction 
networks [1], neuronal networks [2], food webs [3], and 
social networks [4] are commonly cited examples. These 
complex networks have attracted great attention and have 
been investigated because of their potential as models for the 
interaction networks of complex systems [5−10]. In recent 
years, two kinds of models have been constructed and stud-
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ied, which are small-world networks [5] and scale-free net-
works [7, 8]. 

The small-world network (SWN) was proposed by Watts 
and Strogatz in 1998, which interpolates between regular 
and random networks. They argued that SWNs must have 
small diameters, which grow as ln N like random networks 
but should have large values of the clustering coefficients 
C(N)~1 like regular networks, where N denotes the number 
of nodes or vertices in networks. On the other hand, it was 
found that the degree distributions of scale-free networks  
follow some power laws: ( ) rP k k −∝ , which emerge in the 
context of growing networks, where new sites connect pref-
erentially to more highly linked sites. The world-wide web 
network [7, 8, 11] and internet network [12] were observed 
to have scale-free property. In general, scale-free networks 
show small-world properties while a small-world network is 
not necessarily scale-free. 

Since SWNs and scale-free networks were proposed, au-
thors have presented various models so that complex net-
works have been focused on in many scopes. Meanwhile, 
some scientists have investigated the structure and properties 
of real networks by using the tools of statistical physics, 
such as airport networks [13], navigation networks [15], bus 
networks [16] and other technique networks, etc.  

A railway network is one of the important examples of 
transport systems. The complex topological structures of 
railway networks have attracted great attention. Benguigui 
studied the fractal nature of the structure of railway net-
works [17]. Small-world properties of the Boston subway 
[18] and Indian railway network (IRN) [19] have also been 
investigated.  

In this paper, we first study the structure of the Chinese 
Railway network (CRN) in the light of recent investigations 
of complex networks. It has been verified that the CRN has 
the same small-world properties of the IRN. Secondly, we 
define the CRN as a growing network and study the evolv-
ing property of the CRN. The function of the rate of the 
CRN is obtained, which is distinguished from those of 
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scale-free networks. 

 

2  Small-world properties of the CRN 
Based on the study on the IRN, some definitions were fol-
lowed. First, we select a representative graph GN with the 
CRN of N stations. Here, the “vertices” of the graph repre-
sent the stations, whereas two arbitrary stations are consid-
ered to connect by a “link” when there is at least one train 
that stops at both the stations. If there is a link between two 
stations, these two stations are considered to be a unit dis-
tance irrespective of the geographical distance between them. 
As a result, the shortest distance lij between an arbitrary pair 
of stations si and sj is the minimum number of different 
trains that one need to change to travel from si to sj. For 
example, if lij = 1, it indicates that there is at least one train 
that will stop at both station si and sj. Accordingly, if lij = 2, 
it shows that one must at least change once by some inter-
mediate station. In accordance with this definition, if the 
trains t1, t2,L , tn pass through some station si, all stations but 
si that n trains pass are a unit distance away from si and the 
number of the stations is considered as the degree of si.  

Since the main motivation of all transport systems is to be 
fast and economical, the railways can achieve this. To do 
this, railways simultaneously run many trains, covering 
short as well as long routes. Thus, we don’t need to change 
more than only a few trains to reach any arbitrary destina-
tion in the country. The CRN is a large space network that 
includes more than 6400 stations. Every day there are more 
than 10 000 trains in the network that ply its routes. To in-
vestigate the small-world properties of the CRN, we collect 
the data of CRN on a coarse-grained level following the 
recent “National Passenger Train Timetable”, which was 
issued in March of 2004 [20]. The timetable contains L = 
281 trains covering N = 664 stations, where only fast pas-
senger trains are counted. An important adjacency matrix 
T(N, N) among stations is constructed. Here, the ij-th ele-
ment of this matrix is 1 if there is at least one train to stop 
both station si and station sj, otherwise this element is zero.  

The diameter of a graph is the maximal distance between 
any pair of its nodes in the graph theory. The graph GN of the 
CRN is a connected graph so that we can obtain N(N−1)/2 
shortest paths among the pairs of stations. Since we ignore 
space distances among the stations, the shortest path lengths 
are calculated using a burning algorithm similar to the IRN. 
We obtain that the diameter of the CRN is 4. It implies that 
one needs to change three trains to reach a station from any 
station in China. In Fig. 1 we plot the distribution Prob(l) of 
the shortest path lengths l. Here, there is a peak at l = 2 in-
dicating that we can go to most stations in China by chang-
ing trains only once. The mean distance of a network is a 
measure of how good the connectivity of a network is. We 
calculate the approximate mean distance D(N) of the CRN 
as 2.31. 

 
Fig. 1  The mean distance D(N) of 20 different subsets of the CRN vs. ln N. 
For the result of linear fit, a function like D(N) = a + b(N) is obtained where 
a ≈ 0.87 and b ≈ 0.09. The inset shows the distribution Prob(l) of the short-
est path lengths l on the CRN. 

In order to verify one of the important properties of 
small-world networks, how the mean distances D (N) vary 
with N is investigated. The CRN is divided into 20 different 
subsets, which include six zones as well as their combina-
tions. As a result we obtain 20 data points, reflecting the 
nature of variation of D (N) with N. In Fig. 1, we plot this 
data on a semi-logarithmic scale. For small values of N there 
is some wild fluctuation, but for large values of N the linear 
behavior is quite apparent. The whole range fits with D (N) = 
a + b ln N. Here, we obtain a ≈ 0.87 and b ≈ 0.09.  

Clustering coefficient indicates the probability that two of 
these neighbors are connected. According to the clustering 
coefficient of small-world networks, the clustering coeffi-
cient Ci of railway networks is defined as follows. Suppose 
that a station si has ki neighbors; then at most ki(ki − 1)/2 
edges can exist between them. Let Ci denote the fraction of 
these allowable edges Ei that actually exist, where iC =  

2
.

( 1)
i

i i

E
k k −

 Define C as the average of Ci over all nodes. We 

obtain 0.74C ≈ for the CRN. Compared with a random 
graph with the same number N = 664 of nodes and average 
number of edges per node, the clustering coefficient of the 
CRN is far more than that of the random graph whose C is 
0.079. It shows the other important property of small- world 
networks. 

Recently, the clustering coefficients C(N) of scale-free 
networks that decrease with the network size have been 
studied. In addition, the clustering coefficients C (k) of the 
node with degree k have also been investigated. There is an 
important Barabási-Albert network that predicts 0( )C k k∝  

and 
0.75( )C N N −∝ . The C(k) in several networks like the 

actor, language or world-wide web shows a decrease (ap-
parently a power law decay). However, in the internet net-
work at the router level or power grid network of the West-



366   

 

ern US, C(k) was found to be constant. In the IRN, C(k) re-
mains constant for small k and shows a logarithmic decay at 
large values of k. In the paper, for the C(k) in the CRN we 
obtain the same result of the IRN in Fig. 2. We believe that 
the C(N) in the CRN should be identical with that in the 
IRN.  

 

Fig. 2  The variation of the clustering coefficient C(k) against the degree k 
for the CRN shows a logarithmic decay for large k. 

To gain greater insight into the structure of the CRN, we 
calculate the degree distribution of the stations. Here, the 
degree distribution of the stations is donated by P(k). We 

plot the cumulative distribution ( ) ( )
k

F k P k dk
∞

= ∫  on a 

semi- log scale for the whole CRN in Fig. 3. In the plot, the 
distribution falls on a straight line, indicating an exponential 
decay of the cumulative distribution F(k) ~ 10−αk with α = 
0.02. We obtain the same result of the cumulative distribu-
tion of the electric power grid of Southern California. Ac-
cording to classes of small-world networks [13], we believe 
that the CRN is a single scale. 

 

Fig. 3  The cumulative degree distribution F(k) of the CRN with the de-
gree k is plotted on the semi-logarithmic scale. 

 

    

3  Evolving property of the CRN  
When static networks were studied, the dynamics of net-
works themselves—how and why their topology change 
over time—also attracted great attention. Most evolving 
networks are based on two ingredients: growing and prefer-
ential attachment. The growth hypothesis suggests that net-
works continuously expand through the addition of new 
nodes and links between the nodes, while the preferential 
attachment states that the likelihood of receiving new edges 
increases with the node’s degree. While most versions of 
such evolving network modes assume that the rate kΠ  with 
which a node with k links acquires new links is linear k and 
a monotonically increasing function of k, several authors 
have recently proposed that kΠ  could follow a power law. 
The science citation network, Internet, actor collaboration 
and science co-authorship network have been investigated. 
For first two networks the attachment rate depends linearly 
on the node degree, while for the last two the dependence 
follows a sublinear power law [21]. 

To measure kΠ  a numerical method was proposed to ex-
tract the functional form kΠ  directly from dynamical data 
on real evolving networks [22]. Consider the state of a net-
work at a given time T0, and record the number of “old” 
nodes present in the network and their degrees. Next meas-
ure the increase of the degree of the “old” nodes over a time 
interval ∆T, much shorter than the age of the network. Then, 

according to i

jj

k
k

k
=Π

∑
, plotting the relative increase  

∆ki/∆k in the function of the earlier degree ki for every node 
gives the kΠ  function. Here, ∆k is the number of edges 
added to the network in time ∆T. To reduce the fluctuation, 
the cumulative function is used. Here,  

0
( )

i

k

i
k

k kκ
=

= Π∑   (1) 

Railways like roadways and airways are of crucial impor-
tance to the development of a country and indicators of its 
economic growth. To be fast and economical, new lines are 
continually constructed while locals are substituted fliers. 
Thus, we could regard the CRN as an evolving network with 
time.  

Here, there are two questions to be raised. Firstly, is pref-
erential attachment present in the CRN? Secondly, if kΠ  
does indeed depend on k, what is its functional form? In 
order to answer the two questions, we follow the above nu-
merical method to investigate the CRN. Considering the 
difficulty of collecting data, this database only contains the 
data from “National Passenger Train Timetable” of 1992, 
1998, and 2004. Here, corresponding the numbers of sta-
tions for the above timetables are 487, 555, and 664, where 
we only count the stations that fliers pass. For the CRN, we 
choose ∆T = 6 years to consider that stations change less if 
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the time interval is too short. In Fig. 4 the cumulative distri-
butions κ (k) for the CRN with k are plotted, where T0 = 1992 
and 1998 are chosen. We obtain κ (k) = A + B ln k and 

1/k k∝Π . Note that, apart from statistical fluctuations the 
function form of kΠ  is independent of T0. The study indi-
cates that the kΠ  in the CRN follow preferential attachment, 
which is a property of scale-free networks. 

 
Fig. 4  The κ(k)-function determined numerically for the CRN. The top to 
the bottom correspond to measurements made at T0 = 1992 and 1998. 
 

 

4  Conclusion 

The CRN has been verified as having the same small-world 
properties of the IRN. Here, the CRN has a small diameter 
but large clustering coefficient. Investigating the cumulative 
degree distribution of the CRN, we think that it should be a 
single-scale network. On the other hand, the evolving prop-
erty of the CRN shows that the function kΠ  of the CRN 
follows a power law similar to scale-free networks. We be-
lieve that the CRN is scale-free. We are currently unable to 
study other real networks but it is believed that the obtained 

function kΠ  may have universality to a certain extent. 
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