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Abstract 
 

In this paper, an artificial network such as A-life is 
targeted. A predicting method for the selection limit in a 
heterogeneous system by using a cluster coefficient as an 
index, which shows small world structure, is proposed. 

As evaluation, evolutions of IT infrastructures in an 
enterprise have been employed for the study as the most 
typical example. Although IT infrastructures change 
rapidly and evolution has been continued, the number of a 
server has been increased. In practical, increase of the 
total cost of ownership (TCO), including management 
cost, caused by the increase of servers is the current 
problem. The relation between the simulation for the 
evolution and selections in IT infrastructures, and cluster 
coefficient were observed. The result shows that cluster 
coefficient and selection predictions are related. In fact, 
the maturity for a system can be obtained by observing a 
cluster coefficient for IT infrastructures simply. The 
number of heterogeneous elements shows the selection 
limit. The selection limit rate at which the global behavior 
is not destructed can be obtained from these two 
measurement values, without performing simulations.  
 
 
1    Introduction 
 

In information processing based on A-life, information 
processing which can be realized by employing a group 
that varies dynamically, maintaining redundancy and 
diversity, has been argued. In an artificial network, global 
behaviors always change being accompanied with local 
interaction fluidly as well. The artificial network for this 
paper is defined as the one in which the global behavior is 
determined artificially. 

A grid computing [1] which requires common global 
behavior even in the case where it is distributing locally, 
Web service [2] which forms a processing system on a 
common network, and the IT infrastructure [3] of the 
company which connote a large number of the 
heterogeneous element are the examples of an artificial 
network. 

In an artificial network, after global behavior, such as 
evolution and selection, are decided artificially, a local 
interaction occurs. The quantity of elements mainly 
becomes a problem in such cases. In most of those 
problems, the quantity of the capacity that systems 

possess and elements in the systems are almost equal. In 
such a case, the system cannot be maintained unless the 
collective quantity is reduced. For example, too many 
employees are not necessary because it is not effective. 
Therefore, the employees are reduced in such a case. 
Besides, some efficiency improvements can be obtained 
for production line by reducing employees.  This is the 
top-down emergence [4]. The self-organization criticality 
[5] resembles it well. In a problem in real issues, the 
number of the element tends to be reduced after it is 
expanded.  

However, in case that the number has been reduced in 
the simplicity, individual properties of the element are 
abandoned and the property of the whole system has 
consequentially been destroyed. Then, it is required that 
the number of the element is reduced without changing 
the property of the system. In the case of the artificial 
network, the relation of the node for which the 
persistence node is selected as an evolution is acquired. It 
can be expressed with the order formation of minimizing 
the system components as an emergence [6]. The 
important issue here is, how much of the elements can be 
reduced without destroying the property of the network. 
In other words, a prediction method by the simulation is 
being required. In the case of factory, it is a prediction to 
determine how many of employees can be reduced 
without changing their process. However, the selection 
cannot be predicted simply by the simulation since the 
simulation becomes even more complicated and difficult 
as it closes to the realistic. 

Therefore, the relationship between cluster coefficient 
and general behavior of the network in the selection of 
the system has been investigated. Since selections are 
predicted only by network behaviors, the time and effort 
for prediction trial calculation can be reduced. It can be 
applied to the prediction for the composition result of 
server consolidation of the IT infrastructure in an 
enterprise. It is a representative example of the artificial 
network.  
 
 
2    Artificial network 
 

The artificial network described in this paper shows 
the relationship between an element as a center and other 
elements. It is formed by the top which shows edge and 
an element which shows the interaction in the simplicity. 
They are shown in Figure 1. 
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Figure 1.   Artificial network 
 

 
 
Figure 2.   IT infrastructure in the enterprises described 
by artificial network 
 
Figure 2 shows an enterprise IT infrastructures. The top 

as a center is client PC, and the relationship between the 
servers for the treatment is shown in the circumference.  
Set of vertex and edges indicate the property of the 
system. The form shown Figure 2 indicates the 
relationship between the systems. Therefore, the property 
of the system is destroyed in case that the top is reduced 
simply. It is necessary to acquire the relation of the node 
in which the persistence node is selected in order to 
maintain the property of the system. In other words, the 
edge re-connects with the peak which substitutes for the 
neighborhood and is maintained even in case that the 
number of the peak reduces. It is shown in Fig. 3. 
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Figure 3.   Behavior in the selection 
 
In case where the artificial order in which the element of 
the system is minimized is given, decrease of the top and 
reconnection of the edge are repeated as shown in Figure 
3 while the element maintains the property of the system. 
However, this behavior can be obtained only in case 
where element and substitution element selected are 
homogeneous relation. It is not possible to obtain this 
behavior in case that the relation is heterogeneous. 
3    Cluster coefficient 
 

The cluster coefficient [7] which shows small world 
structure as an index is introduced here. Since a cluster 
coefficient is an index with which the element itself 
carries out the self reference of the relation with other 
elements, it is believed to be effective for investigating 
the relation of an artificial network. In other words, in 
case where a cluster coefficient is compared to an 
acquaintance relation, their acquaintances become 
acquainted and come out and a certain probability is 
expressed. 

The cluster coefficient is obtained from the equation 
below under the condition that  is a neighborhood of 

 , E is a set of 
vΓ

v vΓ   edges and   is the node number of 
the neighborhood. 
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Next, an actual artificial network is measured based on 
the cluster coefficient. 
 
 
4    The simulation of the selection in the IT 
infrastructure 
 
The network shown in Figure 4 which imitates the IT 
infrastructure as a representative example is created, and 
the simulation of the selection is executed. This resembles 
the structure of actual IT infrastructure shown in Figure 2, 
and almost the same form can be expressed. 
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Figure 4.   Simulation of artificial network 
 
A random network is generated for each top. The edge is 
expressed by . The edges and the tops are determined 

randomly. It is expressed by the equations below.  
ija
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a is determined as 1 or 0 randomly.  

 



In the equal type (homogeneous), each top possesses the 
parameter of type and cost and the selection shall be 
repeated as long as the parameter of the cost permits it. In 
the other type (heterogeneous), the selection is not 
generated. This transition is shown in Figure 5. 
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Figure 5.   Change of network 
 
N is the number of the vertexes and C is a cluster 
coefficient. C, at this time, changing from 0 to 1 finally is 
noticed. Focusing on the selection simulation, the 100, 
200, 500, and 1000 peaks and the type parameter were 
fixed to the cluster coefficient of 0.3, and the simulation 
was performed 50 times per each. The result is shown in 
Figure 6. 
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Figure 6.   Selection ratio and cluster coefficient 
 
A vertical axis is a selection ratio and a horizontal axis is 
a cluster coefficient. A cluster coefficient and a selection 
ratio have the relation of an inverse proportion. Therefore, 
in the artificial network of IT infrastructure, in case where 
a cluster coefficient is investigated, a grade of the 
selectivity can be obtained.  For example, a selection 
ratio is 0.7 supposing Figure 6 to a cluster coefficient is 
0.2. Selection will already have been performed about 0.3 
from the original element. That is, in IT infrastructure, in 
case where a cluster coefficient is investigated simply, the 
degree of a system’s maturity is obtained. Then, the 
parameter of consequences and types shows the selection 
limit, as the hetero genius element can not be selected.  
For example, it is clear that 60%of a system can be 

selected even at the maximum, in the case that 40% of it 
is the hetero genius. It will be able to estimate the culling 
rate of the degree in which the system does not collapse 
by these two measured value without performing the 
simulation. 
 
 
5    Conclusion 
 

In this paper, the relationship between the transitions 
for the selection of the cluster coefficient in an artificial 
network has been clarified. The relationship between 
them is almost an inverse proportion. The selection ratio 
can be estimated regardless the number of the element in 
case where the cluster coefficient can be measured using 
the property. The local behavior with the order in which 
the number of the element in a system had to be 
minimized has been clarified by the change of the cluster 
coefficient.   

However, the parameter of precision criterion and costs 
and types are not mentioned this time. These will be one 
of our targets in the future. 

 
 

6    Reference 
 
[1] Adrian Li Mow Ching (2002), "Super resource-
managment for Grid Computing", London 
Communications  Symposium. 
[2] Haverty, P. M. (2004), "CARRIE web service: 
automated transcriptional regulatory network inference 
and interactive analysis", Nucleic Acids Res 32, W213-
W216. 
[3] Sherri Smith (2004), "Successful server consolidation: 
it's all in the preparation", 
http://h200001.www2.hp.com/bc/docs/support/SupportM
anual/c00257494/c00257494.pdf , 2004. 
[4] kanji ueda (1996), "METHOD ON ARTIFICIAL 
LIFE", Kogyo Chosakai Publishing 
[5] B. A. Carreras (2002), "Dynamics, Criticality and 
Self-organization in a Model for Blackouts in Power 
Transmission Systems", Proceedings of the 35th Hawaii 
International Conference on System Sciences. 
[6] Albert-Laszlo Barabasi (1999), "Emergence of 
Scaling in Random Networks", SCIENCE VOL 286, pp. 
509-512. 
[7] D.J. Watts S.H. Strogatz (1998), "Collective dynamics 
of "small-world" networks.", Nature 393, pp440-442. 


