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Abstract  

In network management, computer-aided 

technology is introduced to fit the large 

network. Demonstrating the network top-

ologic structure to managers vividly will 

help greatly. However, the network 

graphic demonstration is very difficult. 

Much as it costs, it lacks methods to form 

an efficient solution for a long time. To 

overcome this problem, in this paper, we 

propose an approach for demonstrating 

the network structure. Shortest tree could 

fix the frame of the network structure 

demonstrating, and implements many 

models to optimize the graph for network 

demonstration, until a satisfactory result 

is obtained. Compared with other tradi-

tional approaches, our approach shows 

significant advantages in both effective-

ness and efficiency.  
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1. Introduction 

Nowadays more and more individual 

networks appear to implement high quali-

ty or high demand services and applica-

tions. Almost all of the network structures 

have become larger and more complex, 

with IT developing at such a high speed. 

Under these considerations, big network 

management is a difficult work [1], be-

cause of the scale of the network and the 

potential changes in the network structure. 

Manual handling may be a good idea, be-

cause of lacking of managing strategies 

suit for all kinds of network automatically. 

Since it is a difficult job, we need help 

from software; computer aided network 

management (CANM) will work [2]. Us-

ing CANM, people should know all im-

portant things about network. So, how to 

give network manager the information 

rapidly is an urgent problem to deal with 

in CANM. 

There is no way better than to give 

network manager a whole understanding 

on his network. Presenting network struc-

ture to the manager will be a good meth-

od to give him a whole understanding 

which can help him to make a reasonable 

decision as soon as possible [3]. 

Network structure presentation should 

be the one which assists human network 

manager to have a better overview on the 

network, which just displays the topolog-

ic structure of the network as network 

graph on the screen such that manager 

could refer to this and analyze what goes 

wrong within this network or which part 

needs to be improved or repaired [4]. It 

could improve work efficiency of net-

work manager, and there are several net-

work corporations calling for this func-

tion, while this method seems scarce. 

2. Related Work 

Network structure description is the pro-

tagonist to show to managers; however it 

is inefficient that getting the useful in-

formation managers would spend a lot of 

time and energy on reading and analyzing. 
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It will reduce this cost down greatly if we 

demonstrate all those network properties 

as a network graph clearly on a screen [5]. 

In this case, getting the network structure 

description in a specified form is prereq-

uisite [6]. 

Network structure description is easy 

to obtain. In many cases, managers can 

store the descriptions in the specified 

form in this case. However, in other cases, 

network structure may change greatly in a 

short period; it is not possible to keep the 

description about these networks. In this 

case, they are still able to get the descrip-

tion; although it is not our concern in this 

paper. 

3. Our Approach 

3.1. Related Concepts 

1)  Crossing 

A parameter is in need which measures a 

picture whether it is clear enough. It 

could take the quantity of the crossings in 

the network graph as the parameter for 

clear score. 

2)  Valid range 

Obviously, not only do crossings lead 

graphs look bad, but also large range does. 

Therefore, graph should be small. The 

range is the smaller the better. 

3) Balance degree 

As the display range is a rectangle, it 

could be split into several little squares. 

Count the dots in each square and get the 

variance of them. The variance works as 

Balance degree. There is an available 

method given as follow to illustrate the 

balance degree. 

4) Center circle 

WAN is always built with a backbone, 

which usually presents as a circle to re-

duce distance between two peers, and 

called center circle in this paper. In some 

cases, there is no such a backbone; we 

could get a center part in graphics. It will 

be called center circle as well. 

3.2. Approach and model 

Step 1: Center circle getting 

In many cases, the center circles are the 

backbones of the network. It is easy to 

find the center circles out. But in some 

cases, all the peers in the network are co-

equal. For example, IOV usually contains 

no backbone, but a center circle is neces-

sary as well. Center circle should satisfy 

the requirement in graphics. 

Center, in graphics, has a very elegant 

property that it keeps the minimal maxi-

mum of distance away to any part of this 

patterning. According to this, get these 

points with short distances between their 

furthest points. If these points constitute a 

loop, it is the center circle. If not, take 

more points satisfy the upper requirement, 

until they form a loop or they are too 

many and they are connected.  

Step 2: Shortest tree 

Just like the minimum spanning tree, the 

shortest tree was built by broad first 

search (BFS) to reduce the height of 

spanning tree. Every node in this tree 

owns the least distance from the root; the 

tree will be compact and well-balanced 

after printing on a screen.  

As the root is center circle, polar coor-

dinates space is helpful to the tree node 

arranging. Assume there is a super root 

which is the father of the nodes in center 

circle, and it is at origin. The super root 

will assign its free angle area to its chil-

dren rationally, and the children inherit 

the area from their parent, and they will 

assign their own area to their children, 

too, until it has no child. Therefore, chil-

dren should keep a proper distance from 

their parents after getting the areas from 

them. 

In this model, there many variables 

could be change to adjust the model’s 

performance. In this paper, we will take 

one to illustrate.  

Some parameters, just like distance, in 

this algorithm could be changed to any 

reasonable value, without troubles cased 
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by these changes. 

Step 3: Gravitational evolution 

According to the Newton’s law of motion, 

the universe could not continue, if gravi-

tation works alone, without some powers 

to counteract with gravitation [7]. As-

sume that all the peers in the network are 

mass point with same electric charge, and 

they will exclude and attract with each 

other caused by charge and mass respec-

tively. They will achieve a balance even-

tually, and what should be done is giving 

them an ideal initial state and a rational 

balance between gravitation and electro-

magnetic force, the remaining is waiting 

the system to evolve. 

The initial state could be built by the 

previous model, and the relationship may 

cost some time. As we just need a balance, 

it’s not necessary to calculate the precise 

value of the gravitation and the Coulomb 

force. What should do is find a way to 

reconcile the two forces, and now, there 

is an obvious inconsistent that the two 

forces keep a negative correlation with 

the distance similarly, however they have 

opposite directions. For example, we 

could take a formula from Hooke’s law 

according to which the force will increase 

linearly with the distance rise, instead of 

the real gravitation. In fact, the relation-

ship between two forces depends on the 

ideal gap. 

The evolution will be an endless itera-

tion process without external interrupt, 

which makes this very time-consuming. It 

is a nice way to optimize the graph au-

tonomously, and able to lead a good re-

sult randomly, although it costs a lot of 

computing power.  

4. Experiments 

4.1. Data set 

The data set used in our experiment con-

sists of the network data provided by He-

nan department of China Mobile, which 

are extracted from the networks in use. 

We take about 100 samples to test the 

performance of our approach. In order to 

make the data set more varied, we tried 

our best to get networks different area 

and levels. 

4.2. Effect metrics 

The effect is measured hardly because of 

its subjectivity. Showing to people may 

be the best way to measure the effect of 

demonstrating. We just take a sample 

randomly to show in this paper, because 

of the length of an article.  

There are about 170 nodes, and 190 

links in this sample. Several renderings 

produced by different method are showed 

to compare as follow. 

 

Fig. 1:  Manual Trim 

 

Fig. 2:  Graphviz® 

 

Fig. 3: Shortest tree 

In Fig. 1, 2 and 3, we can see that the 

ways in our paper keep obvious ad-

vantages to traditional methods. 

4.3. Performance metrics 

The parameters defined in advance 

should be measure to compare with the 

traditional methods. 
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L and N stands for the set of links and 

nodes in the network. In this part,  

Crossing keeps a simple formula as its 

definition as follow. 
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Valid range is two-tuples which easy to 

get, and described as follow. 
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The formula of consumed time and er-

ror rate will not give out. 

Two traditional methods, manual trim 

and Graphviz®, were measured in our 

experiments, although it is not profes-

sional for network demonstrating. Each 

model mentioned above was tested singly 

in our experiments, and a compounded 

one. 

4.4. Results 

5.  Conclusions 

In this paper, we proposed a network 

structure presentation approach. In our 

approach, we designed an algorithm sys-

tem called shortest tree and realize an 

auxiliary model to adjust the demonstra-

tion. Next, we improve the visual effec-

tiveness by auxiliary model to obtain an 

acceptable result. Experimental results 

tested from our data set showed that this 

novel approach was effective and robust 

compared to traditional approaches. 

In our future work, we will improve 

our approach to make it applicable to oth-

er kinds of networks. We also plan to 

adopt our approach for network structure 

optimizing applications. 
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 crossing valid range consumed time error rate balance degree 

Manual trim 0.08 [957, 710] 1.5~2.5 hours 5~7% 10.579 

Graphviz® 0.02 [20000+, 18000+] 32.50 seconds 0% 183.29 

Shortest tree 0.02 [459,450] >1.65 seconds 0% 20.531 
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