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Abstract 

In collaboration network, based on the relations and cooperation between coauthors, we evaluate importance of scholars, in what position 
scholars are, such as the centrality of scholars. This information reflects scholars ‘research cooperation. In this paper, the methods were 
given up from various perspectives, which indicate that the network contains a lot valuable information about scholars. Mining and 
identification of this information with in-depth analysis will play a significant role in guiding the formulation of science and technology 
management and technology policy. 
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1 Introduction 

As the development of science and technology, the research 
gets more and more sophisticated .it is hard for researchers 
to complete a research or thesis alone. Scientific publica-
tions, as main output of scientific research, co-published by 
several authors are much more general, rather than single-
authored publications [1]. Collaboration-network, which 
consists of the author with the edge as the Collaboration-
relationship reflects the Collaboration between experts and 
scholars in scientific publications [2]. Analysis of this net-
work can reveal a lot of  information about Collaboration 
structure between scholars, for example, who are co-authors 
of a scholar, whether a scholar in a core of this network, 
which co authorships are stronger than others, What is the 
difference between their role in the network.  

Firstly, based on the quantitative graph theory to mea-
sure and analyze these qualitative changes in the coope-
ration network topology, such as density, diameter, and re-
lative size of the largest component of the network. he ana-
lysis shows that the development of a field would expe-
rience structure topology evolution from relatively small 
disconnected components to large networks with huge 
connected component. Therefore, the number of edges and 
nodes in the largest component will experience evolution 
from relatively few to the many.  

Firstly, the methods of calculating authors’ breadth centra-
lity were introduced. Considering that the distribution of coope-
rative relationship can be used to demonstrate the authors’ 
cooperation distribution in different subgroups, thus we can 
calculate the breadth of the authors’ cooperative relationship 
through the distribution of the cooperative relationship, i.e. 
breadth centrality [3]. Those authors of even cooperative rela-
tionship distributions in multiple subgroups have high breadth 
centrality; while those of uneven cooperative relationship 
distributions in multiple subgroups have relatively lower 
breadth centrality; one extreme case is that the authors’ 
distribution of cooperative relationship in different subgroups 
are absolutely even, in which case, the breadth centrality 
reaches up to the maximum. Another extreme case is that 

authors have only cooperated with the authors subjecting to 
their own subgroups; that’s to say, the cooperative relationship 
is confined to their own subgroups; in this case, the breadth 
centrality reaches the minimum, i.e. 0. 

2 The calculation methods of author breadth centrality  

The idea of calculating the breadth centrality was worked out 
under the inspiration of Tutzauer’s entropy centrality and 
Borner’s studies [4, 5]. However, it must be emphasized that 
there is significant differences between the breadth centrality 
method and the above two. The studies of Tutzauer and 
Borner proposed that the distribution is related to the indi-
vidual channel or relationship, i.e. their studies mainly fo-
cused on the distribution of relationship with other individuals. 
The breadth centrality aims to analyze if the authors have 
been cooperated with others in the multiple subgroups, as well 
as others within and beyond their own subgroups.  

Although there are significant differences between the 
breadth centrality method and Tutzauer’s entropy centrality 
and Borner’s studies, there is a very important point in com-
mon between them, i.e. the application of the principle of 
entropy calculation. According to the characteristics of the 
breadth centrality stated above, the specific calculating me-
thods of which can be obtained. It is based on the application 
of the principle of entropy calculation as well. Therefore, the 
specific calculating methods are stated as follows:  

Assuming that there are n authors and c subgroups in one 
coauthor network, thus the sum of cooperative relationship 
strength of one author i and the author from the kth subgroup is 

( )k ij

j

sum i rs . (1) 

Among the formula, “j” is one of the cooperator of the 
author i in the kth subgroup; 

rsij is the cooperative relationship strength between 
author i and author j calculating by the basic Salton method. 

Thus, the proportion of the cooperative relationship 
strength between authors i and the author in the kth subgroup 
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in the total cooperative relationship strength of author i can 
be demonstrated as the following formula: 





n

j

ij

k
k

rs

isum
ip

1

)(
)( . (2) 

Based on the principle of entropy calculation proposed 
by Shannon, the breadth centrality of author i is: 
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There is one shortcoming in formula 5-5, i.e. it excluded 
a ubiquitous case. Generally, one author may have been 
cooperated with authors from one or multiple subgroups, but 
other cooperators may not belong to any subgroup. In order 
to solve this problem, we included the authors that do not 
belong to any subgroup into an individual subgroup-“third 
party”. In order to demonstrate this point in formula (5-5), 
the formula was altered slightly, thus a more accurate 
formula for calculating the breadth centrality is set as 
follows: 
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In this paper, the base of logarithm is set as 2. In addition, 
what must be particularly stressed is that if the author and 
the author’s cooperator belong to a same subgroup, or do not 
belong to any subgroup, thus the breadth centrality of the 
author is 0. 

3 The experiment of complex network community 
detection methods 

Authors can be divided into “special experts” and “integ-
rated experts” according to their degree centrality 

dC , num-
ber of research directions 

sN  and heterogeneity of research 
directions 

sH . According to the definition of the breadth 
centrality, authors of high 

extC  have been cooperated with 
the authors from multiple subgroups, or the internal and 
external authors belonging to the same subgroup, thus such 
authors work as a “bridge” between multiple subgroups, or 
in the “external exchange interface” position of the 
subgroups they belong to. They can promote the exchange 
of information, knowledge, thinking model, methodology, 
and other abundant resources between different subgroups. 
This kind of author is called as “bridge experts”. 

Here is a complementary point: the author of high 
breadth centrality can work as an “introducer”, but the re-
search directions of different subgroups should be taken into 
consideration. For convenience of explanation, here take 
constituent element 3 for instance. 

 
FIGURE 1 2014 subnets in experimental data for the division of the 

sample  

Shared by many practical of complex network modeling 
system of the emergence of a feature, the  clustering network 
nodes tend to through the internal connection of many 
communities (and not just by chance would like) and some 
other external connection form groups in the community. 
Social and information networks are such examples of some 
types of network. Recently, many studies have shown that 
this kind of actual complex networks may show the local 
features, this and the global features of the entire network is 
has essential difference, so if the network as a does not take 
into account the community structure of the whole may 
overlook certain qualities in many modeling system. [6] In 
This article, we will use the method based on spectral 
decomposition to find community [0]. For simplicity's sake, 
let us consider the case, the network is composed of two 
communities. Set R is the number of community given by. 

i
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Among them, said only when the nodes i and j is 
considered to be placed in the sum of different communities. 
Each node is stored in the relationship between including 
vector of n elements. If the node I belong to the community 
the G1 node, and then Si = 1. Otherwise, Si = 1, I belongs to 
the G2. Please note that if we will introduce a. formula 1, can 
be rewritten as:  

1
(1 )

4
i j ij
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. (6) 

All degrees of the network is: 

2

ij i i i i j i ij

ij i i i

k A k s k s s k        . (7) 

Using A formula a. 2. 4 replacement, we get:  
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Because of the number of edges between R communities, 
our goal is to minimize the amount. In order to do this, we 
will first Laplacian matrix L expanded into a linear combi-
nation of the feature vector 

2
i ji j i j j ij i i

i j ij i

R a v L a v a a a  
 

      . (9) 

Here is the corresponding eigenvalues. In order to mini-
mize the R, we need to ai and minimum eigenvalue corres-
ponds to the highest coefficient. Therefore, the objective 
function is to put on and parallel direction. Unfortunately, if 
a person according to the optimization strategy, will be a 
trivial solution, so all the nodes will belong to a single 
community. Therefore, compared with the eigenvector, we 
will feature vector projection to the same direction. In order 
to minimize the amount of edge, between the community is 
one of the most inspired to si = 1, whether or not the node I 
is negative. Also, si should be set to the si = 1 regardless of 
the ith node is positive, minimize between products.  

In order to illustrate how algorithm works, we examined 
the expression of social network in the two communities. As 
shown, the two is consistent, as we had expected, each com-
munity is made up by the edge of many in the community 
and the community of outside edge. Newman mentioned in 
the previous section, we put forward the method and the me-
thods described here are very similar, and in addition to 
minimize the number of edges between community, 
Newman algorithm also maximize the number of commu-
nity inside edge [7], a section on the modal function of ran-
dom expected. At the same time, they provide the method 
not only to detect more than two communities may existence.  

4 Implications for technological management 

In technological management, the experts and scholars 
should be evaluated from the distribution pattern of their 
research directions, including the number, the heterogeneity 
and the evenness of their research directions. The implica-
tions for technological management that obtained by analy-
zing the above aspects are as flows:  

 
FIGURE 2 Variables gmax (in size) and s (average period of cooperation) 

between the scattering diagram  

 
FIGURE 3 Dolphins social network on the basis of the spectral 

decomposition method for instance.  

Firstly, the correlation analysis on authors’ degree cen-
trality, the number of authors’ research directions and the 
heterogeneity of authors’ research directions indicated that 
the “special experts” and “integrated experts” should exert 
different roles in the field. Technological management depart-
ment often selects suitable experts and scholars to form a 
Project Review Panel, and this panel may have to review 
different projects of one field; therefore, this panel should be 
formed by “special experts” and “integrated experts” [8, 9]. 
The “integrated experts” act as the leaders of panel to organize 
and coordinate the reviewing of the whole project, while the 
“special experts” exert their professional knowledge to have 
in-depth review on the project. In addition, the research group 
assuming interdisciplinary and integrated projects should be 
formed as “special experts” and “integrated experts” as well, 
which is a necessary factor that must be considered in the 
management of scientific researches.  

Secondly, the correlation analysis on authors’ degree 
centrality, the number of authors’ research directions and 
the heterogeneity of authors’ research directions indicated 
that although some authors have a few research directions, 
they have high breadth centrality. [10] More importantly, 
the “bridge” experts sometimes could act as the introducers 
between different subgroups, and sometimes they belong to 
the “introduction-type” experts. When two subgroups own 
a common research direction but have not cooperated in this 
common direction, the “introduction-type” experts should 
be encouraged to introduce the authors from different sub-
groups to have cooperative research on this direction [11]. 

Thirdly, the authors of highly even distribution of re-
search directions reasonably allocated their different re-
search directions to different cooperators, instead of limiting 
to a certain part of authors [12]. Therefore, this kind of allo-
cation is not only significant for improving the efficiency of 
research and widely accepting all kinds of information and 
knowledge, but also for efficient distribution and planning 
of research directions. Apparently, this kind of cooperation 
model is very worthwhile to promote, and in technological 
management work, experts should be encouraged to use this 
cooperation model as well [13, 14]. 

5 Conclusions 

As the result of the Analysis, some interesting trends in the 
of scientific cooperation are obtained, such as that the 
average size of the group grows exponentially, and the 
increasing of  number of authors obeys the power-law, and 
by extrapolation it is able to determine the approximate date 
of a separate affine group. Also, spectral analysis-based 
approach can be used to divide communities in the network. 
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These studies not only enriched the theory of collaboration 
network, also provides useful lessons for science and 

technology management, and science and technology policy 
formulation. 
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