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Abstract 
 

Multistage Interconnection Networks (MINs) interconnect thousands of 
various processors and memory modules. These Systems attract the 
researchers in various aspects such as performance parameters, reliability and 
routing. In this paper reliability of Irregular Fault Tolerant MIN named as 
Irregular Triangle has been discussed and compared with Theta Network.  
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Introduction  
The MINs are used in important applications like ATM Networks, Weather 
Forecasting and in almost every field where instant response and complex 
calculations are required[7]. The MINs use more than one stage of small 
interconnection networks like Switching Elements (SEs)[1][9].Broadly there are two 
types of MIN namely static regular and irregular. If the MIN has same no of SEs in all 
the stages then it is called as regular MIN, otherwise it is called as irregular MIN. This 
paper compares the reliability analysis of a new class of Irregular Fault Tolerant MIN 
named as Triangle MIN with Theta Network(THN). 
 
 
Design of Triangle MIN 
The Network is an Irregular Multistage Interconnection Network, of size N*N. It has 
N sources and N destinations. The MIN consists of n stages (n=log2 N). 
 The network Comprises of two identical groups of switching elements (SEs), 
named as G0 and G1.Each group incorporates N/2 sources and N/2 destinations. Both 



88  Amardeep Gupta and P.K. Bansal 
 

 

the groups are connected to the N inputs through N multiplexers, and to the N outputs 
through N no. of demultiplexers. The switches in all the stages are of size 3*3 except 
the last one. The switches in the stages n-3,n-2 and n-1 have been connected to each 
other through links called as auxiliary links. These links are used when the SE in the 
next stage is busy or faulty. This makes the network more faults tolerant and reliable. 
 The Triangle network of size 2n*2n consists of (2m-2) stages where 
m=log2(N/2).This network has (2n -2) no. of switches of size 3*3 and 2 n-1 no. of 
switches of size 2*2.Each source is connected to one switching element in each group 
with the help of multiplexers. The network of size 16*16 is shown in  

 

 
 

Figure 1: Design of Triangle MIN. 
 
 
Redundancy Graph 
The Redundancy Graph is a pictorial representation of the architecture of a MIN. It 
shows all the possible paths from every source to every destination. [6][7] 
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Figure 2: Redundancy Graph of Triangle MIN. 
 
 
Experimental Results on Reliability Analysis  
Reliability R(t) is the probability that the system does not fail in the interval (0,t).The 
network is assumed to be faulty if any source destination pair cannot be connected 
because of the presence of faulty components in the network. 
 The reliability can be measured in terms of MTTF [9] [4] i.e. Mean Time To 
Failure. It is defined as expected time elapsed before some source is disconnected 
from some destination. 
 
 
Upper Bound Analysis 
The network is operational if the critical set of switches is operational. The critical set 
is the set of k SEs, each from different module such that a failure occurs if all k SEs 
are faulty simultaneously. The expression for Upper Bound Reliability is [5] [3] 
 f1= [1-[1-eλmt] 2]N/2 

 f2= [1-[1-eλ3t]2](N/2+N/4) 
 f3= [1-[1-eλ2dt]2]N/4 
 f= ∫ (f1*f2*f3) dt 

 MTTF = ∫
∞

0

RUB (t) dt 

 
 The table 1 depicts the Upper Bound analysis of Triangle Network and Theta 
Network. It is clear that Triangle Network has more Upper Bound for all sizes of 
Network. The figure 3 has been plotted with the values of Mean Time To Failure. The 
Triangle Network has better MTTF of Upper Bound as compared to Theta Network. 
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Lower Bound Analysis 
In the Lower Bound Analysis the input side SEs and their corresponding multiplexers 
are considered as a series system and failure of any component leads to the failure of 
all three.[8][2] 
 The expression for Lower Bound Reliability is  
 f1= [1-[1-eλ3mt]2]N/4 
 f2= [1-[1-eλ3t]2](N/2+N/4) 

 f3= [1-[1-eλ2dt]2]N/4 
 f= ∫ (f1*f2*f3) dt 

 MTTF = ∫
∞

0

RLB (t) dt 

 
 The table 2 presents the Lower Bound analysis of Triangle Network and Theta 
Network. The Triangle Network has more Lower Bound. The figure 4 shows that 
Mean Time To Failure of Triangle Network is better as compared to Theta Network. 
 
Simulator  
The reliability analysis has been calculated using Simpson’s Trapezoidal Numerical 
Method simulator in c# in.Net platform.  

 
Table 1: Comparison of Upper Bound Analysis. 

 

 
 

 
 

Figure 3: MTTF Comparison of Upper Bound. 
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Table 2: Comparison of Lower Bound Analysis. 
 

 
 

 
 

Figure 4: MTTF Comparison of Lower Bound. 
 
 
Conclusion  
The Fault Tolerant Irregular Triangle Multistage Interconnection Network is better as 
compared to the other discussed Network i.e. Theta Network. It has more Upper 
Bound and Lower Bound Reliability. Moreover Triangle Network has less cost as 
compared to Theta Network 
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