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Abstract: In this paper, the hierarchical structure of Chinese natural science
basic research network (CRN) is reconstructed based on the eigenvector cen-
trality (EC) measure. The network is constructed by the way that two research
areas are considered to be connected if they appear in one fund proposal. The
network of such connections using data from 1999 to 2000 is constructed. The
numerical results indicate that EC algorithm of the complex network is a rea-
sonable method to solve the hierarchical reconstruction problem of CRN. The
reconstruction result also shed some light on how to adjust the existing code
system to reflect the real situation more accurately.
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1. Introduction

Hierarchy, as one common feature for many real-world networks, attracts special
attention in recent years [7], [9], [4], [10]. In a network, there are usually
some communities of nodes, where the nodes in each community are highly
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interconnected with each other, while there are few or no links between the
communities. These communities can induce high degree of clustering, which
can be measured by the connectivity probability for a pair of the neighbors of
one node. The existence of this property tell us that the communities should
combine into each other in a hierarchical manner. Hierarchy is one of the
key aspects of a theoretical model [7], [9], [4], [10] to capture the statistical
characteristics of a large number of real networks.

In the past few years there has been a growing interest in the study of
complex networks. The boom has two reasons: the existence of interesting ap-
plications in several biological, sociological, technological and communications
systems and the availability of a large amount of real data [11], [5]. Recent
works on the mathematics of networks have been driven largely by the ob-
served properties of actual networks and the attempts trying to model them
[8], [6]. It also makes sense to examine simultaneously data from different kinds
of networks. Recent approaches with methodology rooted in statistical physics
focus on large networks, searching for universality both in the topology of the
real networks and in the dynamics governing their evolution [1].

The scientific studies can be considered as being organized within a network
structure, which has a significant influence on the observed study collective
behaviors. In the fund management department, such as: National Natural
Science Foundation of China (NSFC), the research areas are denoted by the
code system, which have the tree structure to demonstrate the inclusion relation
between the research areas, such as physics–> statistical physics–> complex
network. The leave codes of the code system always represent the research
areas more specially. To make the network to reflect the reality more accurately,
the nodes are defined as the codes. Because the scientists can fill in the fund
proposal two codes: the first application code and the second one, then if one
requisition paper filled in two different codes one can consider that the research
work is cross the two research areas. The edge wij between node i and j is
defined as one if there is at least one proposal filled the two codes. By this
definition, the network size N is 321 in CRN from 1999 to 2000. The network
shows all the main characteristics known from other complex network structure,
such as exponential distribution of degree, weight and strength, small average
path length, large clustering, and assortative node correlations. Besides the
general interest in studying the new network, the study could help us to know
how the network structure affects network functions such as knowledge creation,
knowledge diffusion and the collaboration of scientists.

The rest of the paper is organized as follows. In Section 2, the EC algo-
rithm is proposed. In Section 3, the numerical results are given. Finally, the
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conclusion and discussions are given.

2. EC Algorithm

Consider a network represented with the adjacent matrix A, the element Aij

is 1 if the nodes i and j are connected and is 0 otherwise. The eigenvector
centrality [2], [3] is employed as the proxy of importance of each other. Let
ep present the eigenvector corresponding to the principal eigenvalue of this
adjacency matrix, the eigenvector centrality of node i is the i-th component
of ep, i.e., EC(i) = N |ep(i)|

2, where N is the number of the nodes. This
measure simulates a mechanism in which each node affects all of its neighbors
simultaneously. The proper procedure is illustrated as follows.

Calculate the EC values for all the nodes from the original adjacent matrix
A1. Introducing a critical EC value, ECc = γ max(EC), where γ is the param-
eter. The nodes whose EC values are larger than ECc can be regarded as the
key nodes. Then remove the found key nodes from the initial adjacent matrix
and obtain a new adjacent matrix A2. Iteration of this step leads to some sets
of key nodes as Sm(n)|m = 0, 1, · · · ,M and the corresponding adjacent matrix
Am|m = 1, 2, · · · ,M . Here, Sm(n) is the node set containing n key nodes found
at the m-th step. Catalogue the nodes in each set into several levels, we can
obtain the hierarchical structure. To determine the procedure, we define the
average number of edges pre key node and the average number of edges per left
node as

Dk(m) =
Kkey(m)

Nkey(m)
, Dl(m) =

K − Kkey(m)

N − Nkey(m)
, (1)

where Kkey(m) and Nkey(m) are the edges between the key nodes and the total
number of the key nodes found up to the m-th step, respectively. The terminate
criterion can be defined as Dc. If Dl(m) < Dc, terminate the procedure.

3. Numerical Results

By the above procedure, we find the hierarchical structure of Chinese Natural
Science Basic Research network. The network contain 321 nodes in 1999 and
2000. The value of the criterion Dc is set to 1.5 and the parameter γ is chosen
as 0.1. Figures 1 and 2 demonstrated the initial and result of 1999 and 2000,
respectively.
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Figure 1: The adjacent matrix for the key nodes in CRN of 1999. (a)
demonstrate the initial network graph and (b) give the graph which have
reconstructed. The nodes from 1 to 321 condensed into several intra-
groups, the intra-group nodes tightly connected and there are many
intra-group connections between these central groups. These central
groups connected all the subgroups together. A significant hierarchy
property can be detected.

4. Conclusion and Discussion

In this paper, we have constructed CRN and reconstructed the hierarchical
structure of it using the EC measure. The numerical results indicate that
EC algorithm of the complex network is a reasonable method to solve the
hierarchical reconstruction problem and the existing code system need to be
adjusted a little.

We hope that the work presented here may stimulate further research on
this subject.
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Figure 2: The adjacent matrix for the key nodes in CRN of 2000. (a)
demonstrate the initial network graph and (b) give the graph which
have reconstructed.
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