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Abstract— etwork value has attracted more and more 
attentions from scholars and enterprisers. Information through 
network can essentially impact everyone, while everyone in the 
network has the structure function to the network and may also 
influence others. But the contribution to the network is not the 
same for every one. Based on the complex network theory and 
customer activity, a customer network value model is proposed, 
which is from the influence value and existence value. Then a case 
study was done with the data of a city branch of China Telecom. 
Finally, the management application based on customer network 
value is proposed. 

Keywords—customer network value, complex network, 
customer activity

I. INTRODUCTION

Since 1990’s, with the rapid development of information 
technology, especially for the Internet, we have entered a 
network era [1]. The network impact and value is so huge that 
it attracts researchers and enterprisers more and more 
attentions. But how to measure the network value is still a 
tough task. 

  Sarnoff’s law, Metcalfe’s law and Reed’s law are three 
principles to evaluation network value, and they are about the 
technological leverage effect [2]. Dr. Dunbar, an anthropologist 
who studied the scales of group behavior of primates and its 
relation to the size of the relevant part of the brain, pointed out 
that regardless of the function and the purpose of the group, the 
natural groups of around 150 persons are likely to be formed in 
human society [3], so people’s social capability is limited. 
Considering social capability, Noriaki Yoshikai proposed a 
modified network value model [2]. But all these models are 
about the whole network value, not the individual member 
contribution value to the network, in other words, not the 
customer network value. 

  The other relevant research to customer network value is 
Work-of-Mouth (WOM) value, which is an important part of 
customer value. WOM is a network phenomenon [4], and has 
received extensive attention from both academics and 

practitioners for decades [5]. John E. Hogan (2003) first 
introduced the WOM value in Customer Lifetime Value Model 
[6], and then Hyunseok Hwanag (2004), Hua Zhao (2005), 
Jonathan Lee (2006) modified the WOM value, and improved 
the CLV model [7][8][9]. Yingying Zhang (2007) intruduced 
the personalized product recommendation influences to 
customer value hierarchy research [10]. Form the WOM 
demonstration, the individual social ability is considered and 
WOM model can calculate individual customer’s network 
value. However, the model is very complex and too many 
parameters need to be set, what’s more, it ignores the integrity 
of the network and the importance of each customer to the 
whole network. 

  Complex network can deal with these problems. Euler’s 
celebrated 1735 solution of the Königsberg bridge problem is 
often cited as the first true proof in the theory of networks [11]. 
Complex network research can be thought as lying on the 
intersection between graph theory and statistical mechanics, 
which confer a truly multidisciplinary nature to this area [12]. 
With the statistical mechanics, the nodes and edges are 
recoded, and so are interact and interdependent relationships. 
The graph theory can clearly describe the network and exhibit 
it. There are six important characteristics variables: degree, 
clustering coefficient, betweenness centrality, diameter, 
average path length and connected component, which can 
exhibit the network clearly. 

In this paper, we combine the complex network theory 
which customer individual attribute to build customer network 
value model. With the degree, clustering coefficient, 
betweenness centrality, and customer activity, a customer 
network value is proposed, and then with the data of a city of 
China telecom, a case is done.  

II. S INVOLVED TO CUSTOMER NETWORK VALUE

Networks are all around us, and we are ourselves, as 
individuals, the units of a network of social relationships of 
different kind and, as biological systems, the delicate result of a 
network of biochemical reactions [13]. Customer network 
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value is the expected profit from sales to other customers 
whom she/he may influence to buy, the customers those may 
influence, and so on recursively [14]. So customer network 
value is similar with WOM value. While in this paper the 
customer network value is defined as the contribution value of 
a customer to the whole network, and WOM value is one of the 
important. 

Since now, there are two ways to measure the network 
value. One is from network effect and the other is from word-
of-value. 

The network effect means that the value of a network 
depends on the number of users of the network. The more 
users, the greater the value of a network and the network effect 
increases. Noriaki Yoshikai summarized the Sarnoff’s law, 
Metcalfe’s law and Reed’s law, and proposed a new model 
based on technological and social network [2]. No matter what 
form of the model, the network value is impacted by:  

1. The number of a network member;  

2. The number of friends she/he has. 

TABLE I. NETWORK VALUE MODEL BASED ON NETWORK EFFECT DEMONSTRATION

 Samoff Metcalfe Reed Noriaki Yoshikai 

Possible Transaction Receive 
Broadcast 

Connect to 
Peers Jion/Creats Groups Reed’s law , network constricts 

factors and human ability 
Value of N member 

networks N 2N N2

Combined Value of N and 
M member networks MN + 2)( MN + MN +2

Core Technology Transponder Channel 
Switch, Router 

Technology for 
forming groups Technology and social network 

The other demonstration is WOM. Lots of scholars have 
done research in this area, and proposed models to measure 
WOM. And also, it is one part of Customer Lifetime Value. 
Jung and Euiho Suh proposed a CLV model considering the 
WOM [15]. And the equation is as the following: 
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while the WOM is negative,   
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The WOM is positive or negative depends on the 
customer’s satisfaction. n is the number of customers 
influenced by customer i ; 0n  is the number of old customer 

who won’t be impacted by customer i ; jR  is the expected 

profit of j  who is affected by customer i , jP  is the possibility 

of customer j  buying behavior; 0C is the average cost; and 

iR  is the expected profit of customer i  in the future. 

Other WOM models may be different, but while building 
the WOM model, the researchers generally consider the 
following impact factors: 

1. The number of customers that customer  i  influences; 
2. Customer satisfaction; 
3. The expected profit; 
4. The customer cost. 

The last two variables are always evaluated on the 
assumption of experience, so the accuracy is suspected, while 
the first two can be evaluated via data mining and questionnaire. 

So there are three calculable variables related to customer 
network value calculable, which are the number of network 
member, the influence capability of customer i , and the 
satisfaction of customer i .

  However, both the network effect and WOM ignore the 
different importance of customer to the whole network. So in 
this paper, we introduce two complex network variables, 
clustering coefficient and betweenness centrality, to build a 
new customer network value model. 

The customer network value (CNV) is the contribution of a 
customer to the whole network. In this paper, we analyze two 
contributions, one is the existence value, and the other is the 
influence value. The existence value is the contribution to the 
network structure, to the integrity and stability, and once the 
customer churns, the structure of the network will be destroyed, 
and the existence value is the basis of the network, lots of other 
values are based on the platform. While the influence value is 
one kind of values based on the network, which is the customer 
create based on the network, and the most common form is the 
WOM. 

So the customer network value is impacted by the following 
five variables: 

  N: the number of network members/the scale of customers; 

ik : node degree/ the friend number of customer i ;

iS : satisfaction of customer i ;

ic : clustering coefficient of customer i ;

  and ib : betweenness centrality of customer i .
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III. CUSTOMER NETWORK VALUE MODEL 

A network is a set of items, which we call vertices or 
sometimes nodes, with connections between them, called edges 
[11]. A complex network can be represented as a graph, and 
consists of two sets, nodes set V, and edges set E. And a 
network is indicated as G (V, E). There are undirected and 
directed, unweighted and weighted networks as figure 1. The 
network built in this paper is an undirected and unweighted one 
as the segment  in figure 1 shows. 
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Figure 1. Four kinds of networks 

A. node degree ik

The degree ik  of a node  i  is the number of edges incident 

with the node. For Figure1 , 1k   is 5, 2k  is 1, 3k  is 2, 4k  is 

3, 5k  is 1 and  6k  is 2.  

The most basic topological characterization of a graph can 
be obtained in terms of the degree distribution )(kP , and it is 
defined as the probability that a node chosen uniformly at 
random has degree k  or, equivalently, as the fraction of nodes 
in the graph having degree k .

Nodes with the maximum score have more friends and 
more influence. So the higher score ik has, the higher 

the iCNV will be, and there is a positive relationship between 

ik and iCNV .

B. Clustering coefficient ic
Clustering coefficient C, a measure introduced by Watts 

and Strogatz in Ref., defined as follows [16]. A quantity ic
(the local clustering coefficient of node i ) is expressing how 
likely for two neighbors j  and  m  of the node i . The local 

clustering coefficient of defined as the ratio between  ie  (the 
actual number of edges among node i  neighbors) and 

2/)1( −ii kk  (the maximum possible number of edges 
among node  i  neighbors). 
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And the clustering coefficient of the graph is then given by 
the average of   over all the nodes in the graph. 
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Clustering coefficient is supposed to the density of network, 
and the C is one mark of the connections between customers. 
The bigger  ic  is, the more connections among customer i
friends have, and the less importance of customer i will be, for 
the network won’t be destroyed if the customer churns. 

C. Betweenness centrality ib
Betweenness centrality has a strong relationship with the 

shortest paths. The shortest paths play an important role in the 
transport and communication within a network. Suppose one 
needs to send a data package from one computer to another one 
through the Internet: the geodesic provides an optimal path 
way, since one would achieve a fast transfer and save system 
resources [17]. It is useful to represent all the shortest path 
lengths of a graph G as a matrix D in which the entry ijd  is the 
length of the geodesic from node i  to node j .The maximum 

value of ijd  is called the diameter of the graph, and will be 
indicated in the following as Diam(G). A measure of the 
typical separation between two nodes in the graph is given by 
the average shortest path length, also known as characteristic 
path length, defined as the mean of geodesic lengths over all 
couples of nodes [16].A problem with this definition is that L 
diverges if there are disconnected components in the graph. 
One possibility to avoid the divergence is to limit the 
summation in formula only to couples of nodes belonging to 
the largest connected component [16]. An alternative approach, 
that is useful in many cases, is to consider the harmonic mean 
of geodesic lengths and to define the so-called efficiency of G 
as [18]: 
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Such a quantity is an indicator of the traffic capacity of a 
network, and avoids the divergence of formula, since any 
couple of nodes belonging to disconnected components of the 
graph yields a contribution equal to zero to the summation in 
formula.  

The communication of two non-adjacent nodes, say 
j and k , depends on the nodes belonging to the paths 

connecting j and k . Consequently, a measure of the relevance 
of a given node can be obtained by counting the number of 
geodesics going through it, and defining the so-called node 
betweenness. Together with the degree and the closeness of a 
node (defined as the inverse of the average distance from all 
other nodes). The betweenness is one of the standard measures 
of node centrality, originally introduced to quantify the 
importance of an individual in a social network [19]. More 
precisely, the betweenness  ib  of a node i  sometimes referred 
to also as load, is defined as: 
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jkn is the number of shortest paths connecting j  and k ,

while )(inij  is the number of shortest paths connecting j  and 

k  and passing through i . The concept of betweenness can be 
extended also to the edges. The edge betweenness is defined as 
the number of shortest paths between pairs of nodes that run 
through that edge [20].  

Nodes with the maximum score are assumed to be 
important for the graph to stay interconnected. These high 
scoring nodes are the 'weak nodes' that interconnect clusters of 
nodes, and removing them leads to unconnected clusters of 
nodes. 

So the higher score of betweenness, the more important, 
and the customer network value will be higher. 

D. Customer satisfaction iS
Customer satisfaction has significant impact to WOM 

[6][7][8][9]. And a satisfied customer will be more active, and 
buy more products and have positive WOM, while if a 
customer unsatisfied, she/he will be less active and may lead to 
negative WOM, and iP  is a variable to measure customer’s 

activity [21]. So we use iP  to measure the customer 

satisfaction, and the higher iP is, the higher iCNV will be. That 

means there is a positive relationship between iP  and iCNV .

SMC model can used to predict the customer activity  iP
[22][23]. 

E. Customer network value model 
As the above, the measurement of the four variables is 

settled, but the contributions and dimensions are different. 

ik and iP  measure one customer’s influence to other 

customers, while ic  and ib measure one customer’s 
importance to the network structure. So the value of 

ik and iP is for influence, and the value of ic  and ib is for 
existence. 

The four variables range is: 
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To be comparable,  ik  and ib   need to be dimensionless, 

since the magnitude of  ik  is N, and ib  is 2N , so the 
formulas we use are: 
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The specific function depends on the magnitude, and the 
basic principle is that the maximum of '

ik and '
ib should be no 

more than 100. 

So the customer network value model is: 
)1('2

'
1 iiiii cbwPkwCNV −+=                  (9) 

1w is the influence value weight coefficient, 2w  is the 

existence value weight coefficient, and 121 =+ ww . The 

value of  1w  and 2w  depend on the decision-makers. At the 
beginning of the network, the existence may be more 
important, while at the stable period, the influence may be 
more important. 

IV. A CASE STUDY 

We use the Network Workbench Tool to analyze the 
network characteristics, and compute ik , ic  and ib . As for the 

customer activity iP , we use Matlab7.3.

Two months call detail information of SCDMA customer, 
from September 1 to October 31, 2007, in a city branch of 
China Telecom was collected. SCDMA customers are one type 
of mobile customer serviced by a fix-line telecom company in 
China before Feb.2009.  

The call detail information contains the following variables: 

TABLE II. THE VARIABLE INS CALL RECORDS INFORMATION

SOURCEID 
CALLINGAREACODE 
CALLINGNUM 
CALLEDAREACODE 
CALLEDNUM 
STARTDATETIME 
ENDDATETIME 
DURATION 

A. Three variables based on complex network ik , ic  and ib
To build the call network, data cleaning rules are: 

 1. CALLINGAREACODE= CALLEDAREACODE; 
 2. CALLEDNUM belongs to the set of CALLINGNUM; 
 3. For the network is undirected, A calls B is the same as B 

call A, and ones A calls B, there is an edge between AB, no 
matter the times and duration of the call; 

4. If CALLINGNUM=CALLEDNUM, delete the record. 

After data cleaning, there are 10988 call records remained, 
which contains 6571 numbers. So the SCDMA call network 
has 6571 nodes and 10988 edges, the ratio of edges to nodes is 
1.67. 

The diameter is 19, and the average shortest path is 5.89, 
which matches the “six degrees of separation”. The network 
includes 271 connected components, and the biggest contains 
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5895 nodes, which accounts for 89.71%. The network 
statistical characteristics are: 

The average degree is 3.34. The maximum score of the 
node degree is 342, which means this customer has called other 
342 SCDMA customers, or she/he has 342 friends using 
SCDMA. And he can influence 342 customers in the network.  

  There are 5044 (76.76%) customers whose ic  is 0, which 
means the 5044 customers’ friends don’t know each other, once 
they churn, the whole network will be influenced, and the 
connectivity will be destroyed. Only 261 (4%) customers ic  is 
1, which means the 261 customers’ friends know each other, so 
their churn will be less important.  

The highest score of ib is 7022350, which means more than 
7 million shortest path pass though this customer, so if the 
customer churn, the diameter and the average shortest path will 
be lengthen and the connection of the network may be 
impacted. There are 3666 customers whose ib   bigger than 

6571, and the average of the ib   is 35454.81. 

B. Customer activity iP

To predict the iP , two months, from September 1 to 
October 31, 61 days call records was collected, so T=61. After 
the “MADS Positive basis 2N” was analyzed, each customer’s  

iP  is calculated. Using SMC model [23], the results of the four 
parameters are: =-0.0676; =0.2195; r=-1.0445; s=2.8710. 
The mean of  iP  is 0.4641, and table  is some examples. 

TABLE III. THE RESULT OF THE  iP

number X=(x,t1,t2) P 
85****00 (1,22,61) 0.056 

85****05 (2,54,61) 0.693 
85****12 (1,4,61) 0.001 

85****19 (2,59,61) 0.908 
85****35 (2,24,61) 0.038 

85****78 (1,53,61) 0.670 
85****82 (1,60,61) 0.954 

85****83 (65,61,61) 1.000 

C. Customer network value iCNV
The managers of the SCDMA customer think the influence 

value is the same important as the existence value. 
So 5.021 == ww , and the CNV model i :

)1(5.05.0 ''
iiiii cbPkCNV −+=                (10) 

And the customer network value distribution as the Figure 
2: 

Figure 2. The distribution of CNV 

Most of the CNV is from 0.2 to 0.4, and it accounts for 
87.95%, and 8.54% are lower than 0.2, 3.51% are high than 
0.4. 

The maximum CNV score is 0.7453, the minimum is 0.007, 
and the mean is 0.2844. Figure 3 is the distribution from the 
influence and existence dimensionalities. Most of the 
customers have high existence value ( )1(' cb − ) and low 

influence value ( Pk ' ), and it is consistent with the fact. 

Figure 3. Influence and existence value 

V. MANAGEMENT APPPLICATION 

Customer value has different forms, and this paper analyzes 
the essential value from influence and existence value. 
Nowadays, lots of uncountable researches have been done for 
customer influence, while the existence value is still ignored. 
And it is very dangerous, especially for the company at the 
beginning period. The customer churn management has 
referred to the customer existence value, but it only considers 
the profit value, and ignores the demolishment to the network. 

Based on our customer network value, from the two 
dimensions, we segment customers as Figure 4: 

Existence value

Influence value

Figure 4. Customer segment based on CNV 
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Segment  is the most important part. On one hand, the 
customer in this segment are important to the whole network, 
so customer retention management should pay more attention 
to them, on the other hand, their influence value are high too, 
so their influence capability should be used efficiently, and 
strengthen their WOM. 

Segment  is the second important part. In this paper, the 
existence value is the basic value, so it has precedence over 
influence value. For these customers in segment , churn 
prediction and retention management are the two emphases. 

Segment  is the third important part. To the customers in 
segment , their influence capability is high, while their 
contribution to the whole network is less. The marketing for 
these customers is the core important. To make satisfaction and 
loyalty campaigns plan for them to improve their loyalty and 
stickiness. 

Segment  is the less important and less attention should 
be paid for this part. But if there are too many customer, we can 
deeper classify them via customer profitability. 

In the CNV model we proposed, there are 2 parameters 
need to be confirmed. And it depends on the enterprise life time 
stage and the management need. 

VI.
In this paper, based on the complex network and SMC, we 

integrate the network effect and WOM, analyze four variables, 
and build a customer network value model, from influence 
value and existence value. Then a case study in 
telecommunication industry is done and the application based 
on customer network value is proposed. 

The customer network value measurement in this paper is 
an exploratory study, and the future work may be: 

1. The improvement of CNV model. The model in this 
paper is the weighted summation of influence and existence 
value. With the deeper research on the relationship between 
influence value and existence value, the model can be refined.  

2. Customer relationship management based on CNV. In 
this paper, we only analyze the segment management based on 
CNV, and how to use reward program or others strategies to 
raise customer network value is another direction of future 
research. 
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