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Abstract- The most fundamental aspect the uncertainty 

involved in any problem solving situation is a result of some 

information deficiency, which may be incomplete, imprecise, 

fragmentary, not fully reliable, vague, contradictory, or 

deficient in some other way. So the effects of uncertainty in a 

system can be handled in a better way by using fuzzy logic. 

This paper presents a new and simple method for evaluating 

the fuzzy reliability of fault-tolerant multistage 
interconnection networks (MIN). An algorithm to evaluate the 

fuzzy reliability has been proposed and is well illustrated 

through a simple example. Fuzzy reliability of some important 

fault-tolerant multistage-interconnection networks have been 

evaluated by the proposed method. 
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Notations 

X  a set containing a space of points in the    
    probability domain 

x    an element of X 

pi    fuzzy probability of an event i 

ip   complement of fuzzy probability of an event i 

)( p
ip  membership function of fuzzy probability pi 

N number of nodes of the MIN  

R fuzzy reliability of MIN 

G  reliability logic graph 

V  vertex set  

E  edge set  

S system success containing all paths between the 

source node(s) to destination node (t)  

Pi  path at the ith step 

W, W  indicator variables 

 

Assumptions 

1. Initially, all components of the system are in good 

conditions. 

2. The link failure and link success probability is assumed to 

be fuzzy numbers 

3. Failures can not be determined with certainty.  

 

I. INTRODUCTION 

As the industry develops fault-tolerant systems with high 

reliability and safety are required. This development of the 

fault-tolerant system required the study of failures, and it is 

known that fault, error and failure have close relation in a 

system. As fault can cause error and error can cause failure. 

This leads to one of the important engineering task in design 

and development of a technical system i.e. reliability 
evaluation. As parallel computer communication systems are 

very much popular and commercially widely used in real time 

applications, therefore considerable interest and increasing 

efforts have been made to develop such large communication 

systems. A major part of it is a parallel computer 

interconnection network, which is used to interconnect a large 

number of standalone processors. The computation of 

reliability is of paramount importance in this parallel 

processing environment where thousands of processors 

cooperate with each other to solve a complicated problem. 

However, there lies a large degree of uncertainty in system 
failure and therefore, the conventional methods of reliability 

evaluation for large parallel computer system may not be 

appropriate to get a realistic value. Under such condition, one 

of the tools to cope with imprecision of available information 

in reliability analysis is fuzzy set theory [1], which is based on 

uncertainties like vagueness, ambiguity and imprecision.  

In the conventional methods [2-4], it is required to find the 

minimized expression of system reliability using Boolean 

algebra. However, these expressions cannot be used in fuzzy 

set theory because of non-applicability of complementary 

laws. The expression used for fuzzy reliability of parallel 

systems has to be different from the expression of 
conventional probability analysis for obvious reason. Keller 

and Kara-Zaitri [5] presented a method for assessment of 

reliability of a non-series parallel network using fuzzy logic. 

Soman and Misra analysed fuzzy fault tree using resolution 

identity [6], Tanaka et al [7] and Misra and Weber [8] showed 

how fuzzification can be carried out for the quantitative 

analysis of fault tree. Chowdhury and Mishra [9] evaluated the 

reliability of a non-series parallel network. Bastani et al [10] 

considered the reliability modeling continuous process-control 

system. Patra et al [11] presents a method for evaluating fuzzy 

reliability of a communication network with fuzzy element 
capacities and probabilities. But none of methods discussed 
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above considers the multistage interconnection networks and 

suggests a general method of evaluating fuzzy reliability of 

multistage interconnection networks where there lies a large 

degree of uncertainty in system failure. 

Tripathy et al [12] have proposed a method to evaluate fuzzy 

reliability of MINs. However, the method is not general and 
can not be applied as such for all MINs. So, there is always a 

need to search for a general and efficient method to evaluate 

the fuzzy reliability of such systems. 

In this paper, a general and efficient method has been 

proposed to find an expression of fuzzy system reliability of 

parallel systems taking in to consideration the special 

requirements of fuzzy sets. An algorithm to evaluate the fuzzy 

reliability has been proposed. The algorithm enumerates all 

the path sets from the source node to destination node. Then 

the system fuzzy reliability is expressed in terms of fuzzy 

probability of the disjoint terms of all path sets. The proposed 

method only uses two operations i.e. multiplication and 
complementation in evaluating system reliability. The 

proposed method is well illustrated through a simple example. 

Fuzzy reliability of some important fault-tolerant multistage-

interconnection networks have been evaluated by the proposed 

method. 

  
II. Proposed Method For Fuzzy Reliability Evaluation 

First, the multistage interconnection network is 

converted into the equivalent reliability logic graph 

G{V,E}, where V is the vertex set and E is edge set. 

The edge (link) success and edge failure probability is 
assumed to be fuzzy numbers. Let Pi be the ith path 

generated from the given source (s) to the given 

destination (t).  Let S be the union of all the paths 

generated from the source (s) to destination (t). The 

system success S on disjointing gives (S)dis. Fuzzy 

reliability can then be obtained on replacing all 

indicator variables by their fuzzy probabilities and 

logical sum and product operator by their fuzzy 

arithmetic counterparts.   

,.},,{},,,{
)(




iiii qpWWdisSR                  

    (1) 
 

III. PROPOSED ALGORITHM 

1. Convert the multistage interconnection network to a 

reliability logic graph with V vertices and E set 

with source(s) and destination (t) node.  

2. Generate Trapezoidal membership functions for 

each edge e E of the graph. 

3. S , i=  1;  

 

 

 

4. while ( Pi not a cycle and the end points u,  v Pi  

are s and t) 

 { 

Generate the Path P i 

iPSS   

Next Pi  

i=i+1; 
      } 

5.  repeat steps 6-7  for i =1 to 4 

6.  Find (Si)dis by the edge success and edge failure of 

each edge in S as i th   parameter of the membership 

function and i th parameter of membership function 

in its complement form. 

7.  The system fuzzy reliability is then expressed as  

  
},,{)(  disii SR  

 

IV. ILLUSTRATION 

The proposed method is illustrated through the following 

example 

 
 

 

 

Assuming the trapezoidal membership function, the 

fuzzy probabilities of links a, b, c, d, e, f, g, h, i  of the 

network in Fig.1 are given as follows 

pa = (0.1, 0.42, 0.65, 0.93); 

pb = (0.17, 0.6, 0.83, 0.96);  
pc = (0.3, 0.5, 0.7, 0.90); 

pd= (0.10,.76,0.85,0.97);  

pe= (0.1,0.64,0.7,0.9); 

pf= (0.1,0.55,0.60.9); 

Pg = (0.22, 0.8, 0.95, 0.99);  

Ph = (0.11, 0.7, 0.88, 0.96); 

Pi = (0.35, 0.85, 0.91, 0.98);   

Pj = (0.2, 0.82, 0.90, 0.96) 

Pk= (0.27, 0.85, 0.92, 0.98)  

Pl= (0.14, 0.68, 0.85, 0.94 ) 

 

 

 

Fig1: A network of 8 nodes and 12 links 
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Fig.2: Fuzzy probabilities of links a, b, c 

 

 
     Fig.3: Fuzzy probabilities of links d, e, f 

 

 
                   Fig.4: Fuzzy probabilities of links g, h, i 

 
Fig.5:  Fuzzy probabilities of links j, k, l 

 

 
 Fig.6: Fuzzy reliability of the   network   with 8 

nodes and 12 edges 
 

 
          Fig.7:  Fuzzy reliability of Extra stage cube 

( 88 ) 
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Fig.8: Fuzzy reliability of Extra Stage Shuffle 

Exchange Network ( 88 ) 
 

Using the proposed algorithm, the membership function 

of the fuzzy reliability of the network is given by 

R = {0.48, 0.5876, 0.92, 0.99} 

 

V. RESULTS AND DISCUSSIONS 

The fuzzy reliability of the four important fault -tolerant 

multi stage interconnection networks [13] viz. Extra 

Stage Cube (ESC), Extra Stage Shuffle Exchange 

Network (ESEN), Multipath Chained Baseline Network 

(MPN) and Extra link Multistage Interconnection 
Network (ELMIN) have been evaluated by the proposed 

approach. The membership functions of the said 

multistage interconnection networks are plotted against 

the probability (Figs.7-10). The parameter functions of 

the said MINs are presented in Table 1. The inference 

that can be drawn from the Table is that, the fuzzy 

reliability of ESC, ESEN, MPN and ELMIN lie 

between the limit 0.581-0.706, 0.554-0.701, 0.568-

0.704 and 0.558-0.702 respectively with a 100% 

possibility which indicates ESC has a better fuzzy 

reliability than ESEN, MPN and ELMIN. 

 
Fig.9: Fuzzy reliability of Multipath Chained 

Baseline Network ( 88 ) 
 

 
Fig.10:  Fuzzy reliability of Extra Link Multistage 

Interconnection Network ( 88 ) 
 

 
Table1. Parameter functions of the multi stage 

interconnection networks (MINs) 

 

VI. CONCLUSION 

In a parallel computing environment there lies large degree of 

uncertainty in system failure and therefore, conventional 

methods of reliability evaluation may not be appropriate to get 

a realistic value. Under such situations it is most appropriate to 

use the concept of fuzzy set. Fuzzy theory concepts are 

discussed in the introduction of this paper. The importance of 

fuzzy reliability and its evaluation methods have been 

presented. Basically, the proposed methods use the path 

enumeration technique in evaluating fuzzy reliability. The link 
failure and link success probability is assumed to be fuzzy 

numbers. The method is followed by mathematical basis, 

algorithm and illustrations. Results have been obtained for 

four classes of important fault-tolerant MINs and it is found 

that Extra Stage Cube has a better fuzzy reliability in 

compared to other three fault-tolerant multistage 

interconnection networks. 
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