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Abstract 

This study explains how to apply a minimum-effort improvement technique to provide 

reliability to intricate networks based on their importance. The study focuses on how crucial 

reliability is for identifying key components and determining the best way to distribute 

reliability throughout a system. We consider a sophisticated network with 10 components, 

and assume that all components are equally reliable at the start. First, the reliability of each 

part is calculated, and then the parts are sorted into groups based on their importance. The 

proposed method makes the system more reliable by equalizing the relevance of parts at 

different levels and adjusting their dependability values to match. Several instances of 

enhancement are examined to identify potential remedies within the reliability interval. The 

results show that improving some elements based on their actual importance does make the 

whole system work better. The final step in improving things is to adjust the reliability 

values for the four essential sections. This boosts the system's reliability from 0.6055 to 

0.94. The recommended heuristic method is a simple yet effective strategy to make systems 

more reliable and spread reliability across complex networks. 
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1. Introduction  

Reliability theory refers to a system's capacity to fulfill its designated task within a 

predetermined timeframe [1-13]. This enhances system performance and diminishes the 

likelihood of failure, applicable to aircraft, engines, and various products. As the 

proliferation of intricate devices and systems arises from development, the potential for 

operational failures escalates, making complex networks increasingly significant across 

diverse domains, including engineering, biology, and other scientific fields. Schematics can 

be utilized in network science and systems modeling to diminish the likelihood of failure 

[2, 4]. The significance of each unit inside the system must be understood and quantified. 

What is the level of each unit within the system? Assess the significance of dependability 

as the fundamental factor in system failure. Where component malfunction coincides with 

system malfunction, Link significance to personalization. The objective of customization 

is to employ the reliability model for subsystem allocation. The values for systems are 

established as trusted parameters to attain customized dependability, hence enhancing 

overall system reliability [5, 10]. 

2.  Some basic definitions and concepts 

Discuss some of the basic concepts that need in studying this research, and among these 

concepts is the importance of reliability and allocation. 

2.1 Reliability Importance 

The probability that a component will be crucial to a system failure that is, that the failure 

of the component will occur simultaneously with the collapse of the system defines the 

relevance of a component. In terms of math, it can be written as [3, 11]:  

 Ii =
∂Rs

∂Ri
                                                      ( 1) 

2.2. Reliability Allocation 

The process by which the failure of a system is determined by using a logical method 

through the systems of the sub-system and its components. We define the system reliability 

objective of the individual components within the system that ensure access to the overall 

goal of system reliability. For each for matting we use the component to refer to a typical 

unit or sub- system, which can be formulated in the allocation of reliability. 

https://doi.org/10.64002/x3xvst73
https://creativecommons.org/licenses/by/4.0/


   
 

 
 
 
 

NJHSS. Vol. 2, No. 1. 2026 
 

P: 29-34 

30 

https://doi.org/10.64002/x3xvst73 
 

 

 

Creative Commons Attribution 4.0 International License (CC BY 4.0) Licensed under 

 
Fig. 1.  Complex Network 

The reliability function was calculated from the minimum paths of the system by using 

MATLAB where contains (122) terms [12, 13]. 

Rs=R1R4R9 + R1R6R10 + R2R5R10+ ∙∙∙∙∙∙∙∙∙ +2R1R3R4R5R6R7R8R9R10  (2)          

3. Calculation the reliability importance 

The reliability of a network with m components is important. The impact of the i-th 

component on the network's overall reliability is indicated by its index (Ii). In order to 

increase network reliability, designers must have this information, since they will prioritize 

enhancing the dependability of components that have the biggest effects on network 

reliability. However, in intricate networks, this becomes a challenging task. The reliability 

importance of the i-th component has a value between zero and one, which is determined 

by Ri and the component's location within the network [8, 12]. This value depends on Ri 

and the position of i-th component in network. 

4. Using importance to calculate the allocation  

In this section, equate the importance of components that are at different levels of 

importance, and thus vehicles will increase their reliability. Therefore, we will try to get the 

best allocation by equating the importance of components that are at different levels. Thus, 

find the relationship between allocation and the importance of reliability. To illustrate this, 

we take the following example. Illustrative example: Consider a complex network as shown 

in figure (1), where Rs equal to (0.6055) in order to increase it to (0.94). Calculated the 

importance of equal reliability for each component in table (1). 

Table 1. Values of R_i and  I_i 

Component

s 

(𝑅𝑖) 

Value 

Importan

ce 

(Ii) 

Level

s 

R1, R10 0.60 0.3635 1 

R2, R9  0.60 0.2919 2 
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R7 0.60 0.1595 3 

R4, R5 0.60 0.1167 4 

R6 0.60 0.0705 5 

R3, R8 0.60 0.0336 6 

Case (1): Equating the first level with the second level  

choose the component R1 from the first level of the importance which consider more 

important   and the component R2 from the second level which consider less important and 

equal the importance of reliability to them and, Substituted the reliability values for each 

component except for components R1 and R2 in the reliability function of the system. 

∂Rs

∂R1
=

∂Rs

∂R2
 

0.717-0.589 R2= 0.666-0.589 R1                             (3) 

0.717R1 + 0.666 R2 -0.589 R1 R2    = 0.76              (4) 

By solving two equations (3) and (4), we get: 

 R1= 0.878, R2= 0.999 

These values belong to the interval [0,1] and satisfy the objective.  

Case (2): Equating the second level with the third level 

 Choose the component R2 from the second level of the importance and the component R7 

from the third level and equal the importance of reliability to them, them, Substituted the 

reliability values for each component except for components R2 and R7 in the reliability 

function of the system.  

∂Rs

∂R2
=

∂Rs

∂R7

 

0.179 R2 + 0.025 = 0 .179 R7 + 0.179                           (5) 

0.179 R2 + 0.487 R7 + 0.179 R2 R7 +0.787=0.76            (6) 

After solving the two equations simultaneously, the results are: 

R2=-3.5057  , R7=-4.3629 

The results were outside the range of the period and did not achieve the goal.  

Case3: Equating the third level with the fourth level 

      Also, can be choose R7 from third level and R4 from fourth level and equal the 

importance of reliability to them: 
∂Rs

∂R7
=

∂Rs

∂R4
                               (7) 

Case4: Equating the fourth level with the fifth level  

    Choose R4 from fourth level and R6 from fifth level and equal the importance of 

reliability to them: 
∂Rs

∂R4
=

∂Rs

∂R6
                           (8) 

Case5: Equating the first level with the sixth level  

    Choose R1 from fourth level and R3 from fifth level and equal the importance of 

reliability to them: 
∂Rs

∂R1
=

∂Rs

∂R3
                                 (9) 
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In the same way, for cases 3, 4, and 5, the values were outside the interval and did not 

achieve the goal. 

Table 2. Values of Ri and  Ii after first improvement. 

Componen

ts 

(𝑅𝑖) 

Value 

Importance 

(Ii) 

Level

s 

R10 0.60 0.4416 1 

R9 0.60 0.3638 2 

R7 0.60 0.16 3 

R1, R2 0.878,0.99 0.128 4 

R4, R5 0.60 0.1125 5 

R6 0.60 0.0663 6 

R3, R8 0.60 0.0001 7 

Case 6: Equality of the first level with the second level in all their components 

     In this case, which is more general than the previous cases, we equated two 

components from the first level (R1, R10) with two components from the second level 

(R2, R9) 

∂Rs

∂R1
=

∂Rs

∂R2
 

∂Rs

∂R9
=

∂Rs

∂R10
                              (10) 

0.717-0.589 R2= 0.666-0.589 R1=0.717-0.589 R9=0.666-0.589 R10= 0.13     (11) 

After solving the equation, the results were  

 R1=0.90, R2 =0.99, R10 =0.90, R9 =0.9. 

This increased the reliability of the system (Rs) to 0.94. 

Table 3. Values of Ri and  Ii after second improvement. 

Compone

nts 

(𝑅𝑖) 

Value 

Importance 

(Ii) 

Leve

ls 

R1, R10 

R2, R9 

0.90 

0.99 

0.13 1 

R7 0.60 0.13 1 

R4, R5 0.60 0.089 2 

R6 0.60 0.053 3 

R3, R8 0.60 0.0001 4 

From viewing the values in table (3) we record the following observation: 

1.There are four components whose reliability equal and greater than 0.90, which R1 R2, R9 

and R10. 

2.The importance of reliability is equal for the four components R1 R2, R9 and         

    R10.  

3.The importance of seventh component has increased through improvement. 
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4. These results after the second improvement are considered the best results. 

5.the best value of system reliability RS=0.94, this is an excellent improvement. 

5. Conclusion    

 This study suggested an importance-based approach to enhance system reliability in 

intricate networks via reliability allocation. We first figured out how important each part's 

reliability was by assuming that all parts had the same reliability value. Based on these 

values, the parts were assigned to different levels of importance. The proposed method then 

used an important equalization mechanism across components at different levels to 

determine the optimal allocation of reliability. 

We looked at several ways to improve things. The findings indicated that enhancing 

individual components across varying levels of importance does not consistently yield 

viable solutions within the reliability interval. But when improvements were made to parts 

that were both at the first and second significance levels simultaneously, a workable and 

useful allocation was achieved. In this example, four important parts became more reliable, 

which made the whole system much more reliable. 

In the first stage of improvement, the system's reliability went from 0.6055 to 0.76. In the 

second step, it reached 0.94. These results show that the suggested heuristic strategy is an 

effective way to find important parts and assign dependability with little effort. The method 

can be used across different types of engineering systems and complex networks, where it 

is necessary to make the system more reliable while keeping the number of parts that need 

to be changed to a minimum. 
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