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1. Introduction  
Since its inception, the central concern in reliability theory has been the 

method of determining a network's reliability criteria based on its components' 
reliability requirements. Network reliability refers to the likelihood of a 
functional connection existing between a source(sink) nodes [1, 4]. Furthermore, 
the issue of evaluating network reliability is NP-hard [3], the use of assessing 
network reliability in different network s [2, 3]. In this paper, we will find the 
(MCS) for a direct network using the set of nodes for paths by finding the 
inverse of the nodes using the definition of (MCS) in the algorithms [5], using 
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the relationship between the set and its complement. Authors in both the past 
and present have extensively examined the reliability of intricate networks. The 
significance of a network's signature, which refers to its identifying trait, is 
thoroughly examined and researched concerning the network's performance.  

2.  Proposed algorithm 
In this section we will propose an algorithm to find all MCS by nodes of 

MPS for a directed network, using the definition MCS in [8, 10].  
Step 1: Delete the source nodes   from each path          
Step 2: Delete the sink nodes   from each path          
Step 3: Delete the source nodes   from each path                  
Step 4: Find complement for          and           
Step 5: Find MCs for       and   . 

3. Algorithm for finding Signature of Complex-parallel Network 
Signature analysis allows reliability engineers to enhance network 

efficiency by assessing the failure probability of each component (edge) based 
on its value [4, 6, 7]. 

Stage 1: Suggest that the     element with the shortest useful life in the 
complex-parallel network is used to calculate the signature    as 
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The quadratic of reliability can be expressed in an alternative form. The 
polynomial will be denoted as  
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Where    ∑           for           

Stage 2: If we assume that (TS) is computed for the complex-parallel network 
under consideration, is      - Array of  ̅   ̅   ̅     ̅   by 
   ̅  ∑          
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Stage 3: Calculate the reliability function of the polynomial using a Taylor 
expansion with its center at       by 

          (  ) (4) 

Stage 4: Ascertain the (TS) of the intricate network utilizing Eq. 3 as 
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Stage 5: Ascertain the signature of a complex-parallel network utilizing Eq. 5 as 
      ̅     ̅             (6) 

Barlow–Proschan of the Complex-Parallel Network 
Calculates the (BPI) of the        elements that its reliability function 

provides 
      ∫           

 
                (7) 

Illustrative example: Consider Figure 1 to find MCS, for the system network, 
we need to find MPS, it was found by an algorithm [8, 13], we get MPS: 
    {         }    {               }    {         }    {         }  

   {               }    {         } we can conclusion all minimal 
path sets of Figure 1 by:   

               
               

              
  
              

             
             

 

 
Figure 1 

A Complex-parallel network. 
 

From Table 1,2and 3 we getting all MCS  of Figure 1, as: 
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Table 1 
Delete a source nodes   from each path          to find MCS. 
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Table 2 

Delete a sink nodes   from each path          to find MCS. 

           ̅       
                                      
                                      
                                           
                                           
                                      

                    deleted 

                    deleted 
 

Table 3 
Delete a source nodes   from paths                 to find MCS. 
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Now to Evaluating the reliability of Figure 1, using Minimal Cut 

Method [9, 11] For       reliability components, becomes: 
                                                (8) 
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And by using Algorithm for finding a reliability signature, we get: 
   ̅             

     
     

      
    

        

            
     

     
      

     
    

      

The Barlow–Proschan index    
  for                  of the composition 

of all elements is illustrated, as demonstrated in [10, 12]: 
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Now, using Eq. 13, The network's (MS) is derived in: 
                                

So, Table 4. The results of the cost analysis and the probability of 
component failure indicate that the network is in satisfactory condition. At the 
same time, the majority of the components are in satisfactory condition and will 
be able to perform their functions effectively. 

 
Table 4 

Analysis of various elements' (MS), (TS), signature, and (BPI). 
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4.  Conclusion 
This study presents a novel approach for identifying all minimal cut sets in 

a complex-parallel network. This approach is user-friendly and efficient, 
requiring minimal effort for implementation, provided that the pathways of the 
directed network are known. The investigation revealed that the component's 
signature exhibits a positive correlation with both the anticipated cost and the 
anticipated lifespan. The (MS), (TS), (BPI), and signature of the system under 
consideration are calculated according to the methodology presented in Table 4. 

 
References  
[1] Mettas, A., Reliability allocation and optimization for complex 

systems, Proceedings 
[2] Annual Reliability and Maintainability Symposium, Los Angeles, CA, 

January (2000), pp. 216-221. 

References 

	 [1]	 Mettas, A., Reliability allocation and optimization for complex sys-
tems, Proceedings



1632� A. M. HASSAN AND Z. AL-KHAFAJI

	 [2]	 Annual Reliability and Maintainability Symposium, Los Angeles, 
CA, pp. 216-221, January (2000).

	 [3]	 Srinath,  L. S., Concepts in Reliability Engineering, East-West Press 
Private Ltd., (1985).

	 [4]	 Fadhil, R. A., & Hassan, Z. A. H. Simple method to extract minimal 
cut sets of a direct network. Journal of Interdisciplinary Mathematics, 
26(5), 903-908. (2023).

	 [5]	 Kuo  S. Y & J. Zuo  Ming, Optimal reliability modeling: principles and 
applications. John Wiley, Sons, (2003).

	 [6]	 Abdullah, G., & Hassan, Z. A. H. Using of Genetic Algorithm to Eval-
uate Reliability Allocation and Optimization of Complex Network. In 
IOP Conference Series: Materials Science and Engineering (Vol. 928, 
No. 4, p. 042033). IOP Publishing. (2020, November).

	 [7]	 Ireson W. G., Ireson, C. R. Coombs, and Moss, R. Y., Handbook of 
Reliability Engineering and Management, 2nd ed., McGraw-Hill 
Comp., U.S.A., (1995).

	 [8]	 Hassan, Z. A. H., & Muter, E. K.. Geometry of reliability models of 
electrical system used inside spacecraft. In 2017 Second Al-Sadiq In-
ternational Conference on Multidisciplinary in IT and Communica-
tion Science and Applications (AIC-MITCSA) (pp. 301-306). IEEE. 
(2017, December).

	 [9]	 Nicolae  J. & C. Costin. Methods for analyzing the reliability of elec-
trical systems used inside aircrafts. Recent Advances in Aircraft Tech-
nology. Intech open, (2012).

[10]	 Hassan Z. A. H., Udriste C. and Balan V. Geometric properties of reli-
ability polynomials U.P.B. Sci. Bull. 78 3-12. (2016).

[11]	 Dhillon, B. S.,  Design Reliability Fundamentals and Applications, 1st 
ed., CRC Press, Taylor, Francis group, Boca Ration, Florida, (1999).

[12]	 Ansell  J. I. &  Phillips, M. J., Practical Methods for Reliability Data 
Analysis, Oxford University Press, New York, (1994).

[13]	 Abraham, J. A., An improved algorithm for network reliability. IEEE 
Transactions on Reliability, R-28: pp. 58-61, April (1979).

		  Received January, 2024


