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Abstract-This paper provides a new innovation in order to 
evaluate the reliability of Atomium Bridge, which represent 
a network with minimal/minimum cycle paths between 
entry/exit node, as well as computer programming has been 
used to a create an algorithm which calculates the reliability 
of this bridge. 
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I. INTRODUCTION 
Network reliability analysis receves nice attention 

for the design, effectiveness, and protection of the many 
real word systems, like computers, communications, 
electrical circuts, spacecraft system, nuclear reactor 
system or power networks [1]. 

The Atomium is that the most well-liked attraction in 
Belgian capital. The building was created by Andre 
Waterkeyn, Andre and Jean Polak. it had been created in 
1958 for the globe Exhibition and was sculptural on the 
atomic structure of an iron crystal however on a scale of 
1: a hundred sixty-five billion. A visit to the Atomium 
involves exploring the extraordinary building's tube 
walkways and spheres in addition as seeing the 
permanent exhibition that covers the history of the 
building. Temporary exhibitions on a spread of scientific 
and style themes are command often. The structure is 102 
meters high and like a true atom it consists of "lines" or 
tubes connecting spheres. The tubes square measure 
every twenty-three to twenty-nine meters long. every of 
the nine spheres has been named in honor of a known 
human or Nobel prize winner and half-dozen square 
measure hospitable the general public. The spheres live 
eighteen meters in diameter. In 2006 renovations were 
created to the structure recreating the initial lighting and 
adding a tent at the bottom of the building with stores and 
a business office. The most sphere homes the permanent 
exhibition that covers the history of the Atomium. 

Evaluating the network reliability is an important 
topic in the planning, designing, and control of the 
system. The network reliability theory has been applied 
extensively in many real-word systems such as computer 
and communication systems, transportation systems,…, 
etc. [2]. 

Most designs have two or more than one terminal, in 
the Atomium design have one terminal (source is the 
same sink). Most ways to solve the reliability system are 

suitable for models of two or more than on terminal that 
have not cycle paths, like minimal path, minimal cut 
method, path tracing method,…, etc. [3], so in this paper 
we devised technique to find cycle minimal paths, and 
use it to find the reliability network of Atomium bridge. 

 
Fig 1. Atomium Bridge 

 

Fig.2 Graph of Atomium Bridge 
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II. BASIC CONCEPTS   
A. A path for network is as set of components such 

that if all components in the set are successful, the system 
will be successful. 

B. Minimal path is a set of components that 
comprise a path, but the removal of any component will 
cause the resulting set to not be path. 

 C. Adjacency matrix , let G={V,E} be a graph with 
V={v1,v2,…,vn},in Atomium bridge the number of 
V(nodes) is nine and the number of edges is twenty.The 
adjacency matrix , A=(aij), is the n-by-n matrix whose 
rows and columns are indexed by the elements of V.The 
element aij is defind by   

𝑎𝑎𝑖𝑖𝑖𝑖 = �𝑘𝑘 𝑖𝑖𝑖𝑖 𝑣𝑣𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝑗𝑗𝑗𝑗𝑖𝑖𝑗𝑗𝑎𝑎𝑗𝑗 𝑏𝑏𝑏𝑏 𝑘𝑘 𝑐𝑐𝑗𝑗𝑐𝑐𝑐𝑐𝑗𝑗𝑗𝑗 𝑎𝑎𝑗𝑗𝑒𝑒𝑎𝑎𝑒𝑒
0                                                            𝑖𝑖𝑖𝑖 𝑎𝑎𝑒𝑒𝑒𝑒𝑎𝑎 

       D.Acycle path in agraph is a non-empty trail in 
which the only repeated vertices are the first and last 
vertices. 
      E.Minimal(short)cycle path A cycle C is called a 
minimal(short)cycle  if for every pair of nodes u and v it 
contains aminimal(shortes) path from u to v or 
minimal(shortest)path from v to u in graph G is contained 
in C 

III.GENERATION MINIMAL PATH SETS 
 A Minimal path method is suitable way to find all 

paths of agraph of two-terminal, in Atomium there is one 
terminal, so we developed the minimal path method, and 
find all minimal path of Atomium. 

As we will explain it, 
In two–terminal network, the edges are prone to 

failure and the nodes are perfect. In this method will 
construct connection matrix to create minimal path. We 
will combine n×n adjacency matrix of a simple graph 
with the identity matrix as the following 
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After the combination results 
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Where {1,2,…,n},the set of nodes/sphere and 
aij=(i,j)  the edge between node i and j, if there is a 
connection between node i and node j then  aij=xij , 

otherwise aij=0, therefore removes nodes that are neither 
the source nor the sink from CM, one by one until the 
only nodes left in matrix are the source node and the sink 
node[4], [5]. 

When you remove a node, the entries of the 
connection matrix with the remaining nodes are modified 
using the equation: ljilijij aaaa +=1           (2) 
If node l is removed, wherei≠j , i≠l , j≠l , 1≤ i ˂ n , 1˂ j ≤ 
n for i=1,2,…,n. 
  

It is better in this way make the source node as the 
first node and the sink node as the last node. Through this 
method is glorified all minimal path of two terminal 
systems. The question here is whether technique is 
useful for finding minimal path sets for one-terminal 
network? 
The answer is no there is at yet. 

So we found a way to take advantage of the 
adjacency matrix by add the first column that contains 
the source node after the last column of the matrix, and 
add the row that contains the source node, before the first 
row, in order to ensure the creation of matrix to be(n+1) 
×(n+1). By this way we can find all minimal path of 
Atomium bridge.  

In order to complete this task, we have designed a 
program to find the minimal path sets as well as calculate 
the reliability of this bridge, because this processes need 
more time, effort and accuracy. So the CM matrix of 
Atomium is 

   Node  
   2 1 3 4 5 6 7 8 9 

CM= no
de

 

2 1 X21 0 0 X25 0 0 0 0 
1 X12 1 X13 0 0 X16 0 X18 0 
3 X13 0 1 0 0 0 0 0 0 
4 0 X41 X43 1 X45 0 0 0 0 
5 0 X51 0 0 1 0 0 0 0 
6 X62 0 0 0 0 1 0 0 0 
7 0 X71 X73 0 0 X76 1 0 0 
8 0 X81 0 X84 0 0 X87 1 X89 
9 0 X91 0 0 X95 X96 0 0 1 

 
   Node  
   2 1 3 4 5 6 7 8 9 2 

CM= no
de

 

2 1 X21 0 0 X25 0 0 0 0 1 
1 X12 1 X13 0 0 X16 0 X18 0 X12 
3 X13 0 1 0 0 0 0 0 0 X13 
4 0 X41 X43 1 X45 0 0 0 0 0 
5 0 X51 0 0 1 0 0 0 0 0 
6 X62 0 0 0 0 1 0 0 0 X62 
7 0 X71 X73 0 0 X76 1 0 0 0 
8 0 X81 0 X84 0 0 X87 1 X89 0 
9 0 X91 0 0 X95 X96 0 0 1 0 
2 1 X21 0 0 X25 0 0 0 0 1 

 
So the minimal paths of the bridge are 
{{X13X21X32},{X12X25X51},{X16X21X62},{X13X25X32X51},
{X16X25X51X62},{X18X21X32X43X84},{X18X21X32X73X87},
{X18X21X62X76X87},{X18X21X62X89X96},{X18X25X32X43X5

1X84},{X18X25X32X51X73X87},{X18X25X51X62X76X87},{X18
X25X51X62X89X96}}. 
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III. EVALUATION THE RELIABILITY OF 
ATOMIUM BRIDGE 

In this technique of minimal path, the system is 
connected as series-parallel [6],[7] and the reliability of 
the system calculated by 
𝑅𝑅𝑆𝑆 = ∏ �1 −∏ (1 − 𝑅𝑅𝑖𝑖𝑖𝑖)𝑛𝑛𝑘𝑘

𝑖𝑖=1 �        𝑚𝑚
𝑖𝑖=1 (3) 

Where k is number of series subsystems, Rik is the 
number of parallel components in each series subsystem 
and nk is the number of parallel  subsystems.  [8],[9],[10]. 
   By using equation(3) we obtain a very big polynomial 
which represents the reliability polynomial of Atomium 
bridge which consisting of (270 ) terms, as the following 
 
RS= R13 R21 R32 +  R12 R25  R51 +  R16 R21 R62 +  R13 R25  
R32  R51 +  R16 R25 R51 R62 R51 R62 R73 R76 R87 +… +  R13 
R16 R18 R21 R25 R32 R43 R51 R62 R73 R76 R84 R87 R89 R96.(6) 
 
 

Algorithm minimal-path is 

input: Connection Matrix (CM) 

output :Sumation of all paths (Sum 

path) 

 

for i=1 to size(CM)-1do 

 step 1: change the value of 

remain element of CM according to 

equation (2) 

ljilijij aaaa +=1

 
If node l is removed, where i≠j , i≠l 

, j≠l , 1≤ i ˂ n , 1˂ j ≤ n for 

i=1,2,…,n. 

 Step 2: eliminate the second 

node by deleting the second row and 

column of CM. 

  CM(i=1:size(CM)-

1,j=1:size(CM)-1)=CM(i≠2,j≠2) 

Return the eliminated CM which equal 

to Sum path 

 

algorithm to calculate Reliability is 

input: all paths (P) 

output: Reliability(RS) 

 RS=1; 

 for each path (Pi) do 

 step 1: QS=expand (RS * (1- Pi) 

 Step 2: for each edge in (Pi) 

do 

  Replace all square 

edges  Step 3: set the new value of RS 
  RS=1-QS 

Return RS 

IV. CONCLUSIONS 
 This paper presented a new idea for finding / 

evaluating the reliability of networks that are of the type 
one terminal network (i.e., the source node is a sink node 
itself.) as represented by Atomium bridge. Path tracing 
method has been suggested in order to complete this task, 
by finding all minimal cycle paths. This technique can by 
applied for all networks of the type one and two terminal. 
As well as computer programming has been used in order 
to find the reliability of the given network.   
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