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Abstract: Reliability of a software system is an important attribute of software quality, and its importance has increased 

significantly due to the growing demand for high-quality software systems. Evaluating reliability during the design phase 

is essential for improving system performance and ensuring effective planning. At this stage, an important challenge is to 

identify suitable methods for achieving the desired reliability of the software system. Reliability allocation methods can 

be applied to assign reliability targets to individual components prior to the actual system design. To address this, a new 

hierarchical model is proposed that integrates the perspectives of users, software programmers, and software managers. 

The system is decomposed into multiple levels, including functions, programs, modules, and submodules, to enable 

systematic analysis. To handle uncertainty and vagueness in human judgments, the fuzzy analytic hierarchy process 

(FAHP) is employed, incorporating the geometric mean method with trapezoidal fuzzy numbers. The proposed approach 

determines reliable weights and effectively allocates reliability targets at each level. A comparison with the classical AHP 
method demonstrates that FAHP provides a more flexible and realistic representation by capturing uncertainty, making it 

more suitable for reliability allocation in complex software systems. 

 
Index Terms: Software Reliability, Reliability Allocation, Geometric Mean Method, Trapezoidal Fuzzy Number, 

Fuzzy Analytic Hierarchy Process (FAHP). 

 

 

1. Introduction 

Reliability plays a vital role in the development of a system, as it determines how well the system performs its job 

and how often it fails. A reliable system can provide consistent and satisfactory results, whereas unreliable system can 

lead to errors, defects, delays, accidents or losses. This can have an effect on performance, safety, cost and customer 

satisfaction. Therefore, the reliability of a system significantly impacts on the efficiency, quality and effectiveness of 

the system output, along with the user experience. It also reduces the risk of harm or damage to the system. Additionally, 

it can lower the expenses of operating, maintaining, repairing or replacing the system or its components. Most 

importantly, software reliability can enhance the reputation, trust and loyalty of the customers or users of the system.  

Software reliability is the probability of a software system executing its assigned tasks effectively in a particular 

environment for a certain period of time. There are various software reliability growth models that are used to achieve 

the reliability target/goal of software to reduce the probability of failure of any complex system. To implement these 
models, it is essential to understand their compatibility with actual failure data. At this stage of development, an 

efficient, emphatic and methodical software development process is needed to create software that is extremely reliable. 

The method of allocating reliability plays a pivotal role in the design stage, as it assists in determining and distributing 

reliability targets/goals. Initially, research on reliability allocation focused primarily on hardware systems; however, 

over time, attention has shifted toward software reliability allocation. Zahedi et al. (1991) [1], Poore et al. (1993) [2], 

and Leung (2004) [3] were among the early contributors in this area. Zahedi et al. (1991) [1] applied the analytic 

hierarchy process (AHP) to model software architecture, incorporating cost constraints and proposing a method to 

maximize overall software reliability. Poore (1993) [2] introduced a spreadsheet-based methodology to explore 
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strategies for distributing reliability across software systems effectively. Mirchandari C. (2018) [4] developed a model 

for evaluating software reliability throughout the entire software life cycle, providing insights into the system’s 

reliability over time. Later, Pradhan S.K. et al. (2021) [5] proposed an optimal resource allocation model aimed at 

reducing software costs during testing and improvement phases. Luo H. and Xu L. (2023) [6] introduced a software 

reliability growth model based on a NHPP framework. Fang C. (2025) [7] integrated Bayesian analysis into SRGMs to 

optimize software release strategies. In recent years, several innovative approaches have further enhanced software 

reliability. Xie D. (2025) [8] developed a method using natural language processing techniques to improve software 

reliability, while Samal (2025) [9] focused on efficient fault detection mechanisms. Additionally, Hussain et al. (2025) 

[10] proposed a novel SRGM incorporating particle swarm optimization for parameter estimation, effectively 

addressing uncertainty and dependent failure conditions. Most recently, Dhavakumar P. N. (2026) [11] developed a 

software defect prediction model to further enhance software reliability.   
On the other hand, the software development process involves multiple stages such as design, coding, maintenance, 

and other user requirements, all of which are carried out by human beings. Since human behavior is inherently uncertain 

and imprecise, it can be effectively represented using fuzzy concepts. Moreover, the software environment itself 

exhibits a significant degree of uncertainty. Therefore, fuzzy set theory plays a crucial role in the advancement of 

software reliability models. Early contributions by Cai, Wen, and Zhang (1991, 1993) [12, 13] and Singh (1995) [14] 

explored software reliability modeling using fuzzy set theory. Subsequently, Chatterjee et al. [15] proposed a FAHP-

based model for distributing target reliability during the design and planning stages of software systems. In recent years, 

several studies have further extended the application of FAHP in software reliability and decision-making problems. 

For instance, Upadhyay et al. (2022) [16] developed a FAHP-based model incorporating operational profiles for more 

realistic reliability allocation. Babu (2024) [17] utilized a FAHP-based mathematical model to enhance software 

reliability evaluation. In 2024, Yuen [18] developed a fuzzy cognitive network process for evaluating software 
reliability and quality, and performed a comparative analysis with FAHP, highlighting its effectiveness in handling 

complex decision-making environments. Aliyeva (2025) [19] applied FAHP in facility location selection for software 

systems, while Khan et al. (2025) [20, 21] employed a FAHP-based framework to improve software development 

security. These studies highlight the effectiveness of FAHP in handling uncertainty and improving decision-making in 

software engineering applications.  

In the context of reliability allocation using FAHP, Chatterjee et al. [15] proposed a model for distributing target 

reliability during the design and planning stages of software systems, employing triangular fuzzy numbers to represent 

expert judgments. Chakraborty also used triangular fuzzy numbers to enhance reliability evaluation in hierarchical soft 

ware systems. In contrast, the present study employs trapezoidal fuzzy numbers in the FAHP, which provide greater 

flexibility and a more accurate representation of uncertainty. Additionally, a comparison with the standard AHP method 

has been conducted to highlight the effectiveness of the proposed approach. The proposed FAHP-based model 
integrates user requirements and preferences with the technical aspects of software, including program, module, and 

submodule reliabilities. It establishes reliability targets during the design and planning phases and features a 

hierarchical structure linking the user’s perspective on reliability with that of software managers and programmers. This 

framework aims to extract the necessary parameters for developing a robust reliability allocation model and is 

particularly advantageous for addressing the allocation of reliability in hierarchically organized software systems, 

ensuring systematic distribution of reliability goals across programs, modules, and sub modules.  

This paper is structured as follows: Section 2 provides fundamental definitions related to fuzzy set theory. Section 

3 discusses the fuzzy analytic hierarchy process (FAHP). Section 4 presents a discussion on the proposed reliability 

allocation model, which is structured hierarchically. Section 5 presents an example for justifying our proposed method. 

Section 6 presents a comparison between classical AHP and FAHP. Lastly, Section 6 concludes the paper with future 

research directions. 

2. Preliminaries 

In 1965, Zadeh [22] introduced the concept of fuzzy set theory to address the uncertainties arising from vagueness 

in systems or data. This theory encompasses fuzzy sets, membership functions and fuzzy numbers, which collectively 

transform ambiguous data into valuable information effectively. 

2.1. Fuzzy set [22]:  

If   is a collection of objects and   is any particular element of  , then fuzzy set A is defined as: 

 

  {(    ( ))    } 
 

where    ( )   [   ] is called the membership function or grade of membership (also degree of compatibility or 

degree of truth) of  . 
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2.2. Fuzzy number [23]:  

A fuzzy set A on R must possess at least the following three properties to satisfy as a fuzzy number:  

1. A must be a normal fuzzy set.  

2. The α-cut of A, must be closed interval for every α   (0, 1].  

3. The support of A must be bounded. 

2.3. Trapezoidal fuzzy number [23]:  

A fuzzy number   (       ) is called trapezoidal fuzzy number (graphically represented in Figure 1) if its 

membership function is given by: 

 

Fig. 1. Trapezoidal fuzzy number. 

3. Fuzzy Analytic Hierarchy Process (FAHP) 

The Thomas Saaty first introduced the analytic hierarchy process (AHP) in 1980 [24]. It provides a systematic 
frame work for decomposing a complex decision problem into smaller and more manageable components. However, 

due to the inherent uncertainty in real-world applications and the vagueness in human judgment, it is often difficult for 

decision makers to provide precise numerical comparisons. As a result, subjective assessments are more suitably 

expressed in terms of fuzzy values rather than exact ratios. To address this limitation, the Fuzzy Analytic Hierarchy 

Process (FAHP) has been widely adopted in the literature. Several models have been proposed to determine criteria 

weights and prioritize alternatives under uncertainty. Among these, the approaches developed by Witold Pedrycz and 

Frits van Laarhoven (1983) [25], James J. Buckley (1985) [26], and Da-Yong Chang (1996) [27] are among the most 

commonly used methods in decision-making problems. FAHP extends the classical AHP by incorporating fuzzy set 

theory, thereby enabling a more realistic representation of uncertainty in pairwise comparisons. The FAHP 

methodology generally consists of three main steps, as proposed by Buckley (1985) and Chang (1996), which are:  

 

1. Define your goal and decompose the unstructured problem into a hierarchical structure with decision elements 
(criteria and alternatives). 

2. Employ pairwise comparisons among decision elements to establish the fuzzy judgment matrix and a fuzzy 

weight vector. 

3. Aggregate relative weights of decision elements to obtain an overall rating for alternatives and select the optimal 

one. 

4. Software Reliability Allocation Model based on Hierarchical Framework 

The ultimate evaluation of a system’s attributes and reliability lies with the user. Therefore, prior to the 

development of an actual system, it is essential to consider users’ views and opinions regarding the reliability of various 

functions. However, in practice, the perception of reliability often varies among users, software developers, and project 
managers, due to differences in expectations, experience, and domain knowledge. This divergence introduces 

uncertainty and complexity into the reliability assessment process.  

To address this challenge, it becomes necessary to develop a systematic framework capable of integrating these 

diverse viewpoints in a coherent and consistent manner. Such an approach facilitates the assignment of appropriate 

reliability values to various components of a software system, including functions, programs, modules, and sub modules. 

By doing so, the proposed methodology ensures a more realistic and comprehensive evaluation of system reliability, 

aligning technical design with user expectations. 

4.1. Hierarchy of software system 

In this model, a hierarchical structure is constructed that integrates the perspectives of the user/decision makers, 

with those of software programmer and the software manager. The objective of this framework is to extract the 

necessary parameters for developing a reliability allocation model. In the analytical hierarchy process, a top-down 

   ( )  
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methodology is used to organize the problem into a hierarchical structure. Conversely, a bottom-up methodology 

mathematically integrates various steps of this hierarchy. In this introduced model, the hierarchy begins at the top, 

reflecting the perspective of the user, which is characterized as the overarching goal of software reliability or system 

reliability, represented by R in the first tier of the hierarchy in Figure 2. 

 

 

Fig. 2. The hierarchy of software reliability allocation model. 

The user formulates their evaluation on the basis of software's functionality and attributes, as illustrate in the 

second phase of the hierarchy. The user anticipates that the software will execute a specific set of functions and yield 

the expected outcomes. This perspective reflects the user's view about the software. Let us consider that a typical user 

identifies such functions and labels them as        ...,    for i = 1,2,..,n. 

The third phase of the hierarchy signifies the computer program developed to fulfil the functions outlined by the 

user. This phase reflects the perspective of the software engineer. (There is no reason to believe that each user-specified 

function would be programmed into only one programme, i.e., a one-to-one mapping from function to programmes 

could be inefficient and unrealistic). Consequently, every function may be associated with multiple programs, as 

illustrated in Figure 2. The software programs in the third phase are identified as             for  j = 1,2,..,n. 

The fourth phase of the hierarchy comprises the independent modules that constitute the programs. In the 

formulation, it is assumed that software engineer adheres strictly to the concept of structured programming, which has 

become an inevitable programming approach for medium and large systems, which in turn, are prime candidates for 

using a reliability allocation model. It is assumed that the software consists of k module labels of             for k = 

1,2,..,n which are denoted in the fourth phase of the hierarchy. 

The fifth phase of the hierarchy comprises the independent submodules that constitute the modules. It is assumed 

that the software uses l submodule labels of              for l = 1,2,..,n which are denoted in the fifth phase of the 

hierarchy. 

4.1. Proposed methodology 

In1985, Buckley proposed the geometric mean method on FAHP, which has been utilized in various problems to 

evaluate the weights of different alternatives and criteria. Geometric mean method uses triangular fuzzy number to 

assess the perspectives of decision makers. However, trapezoidal fuzzy numbers provide a more flexible and 

generalized representation of uncertainty compared to triangular fuzzy numbers, as they can better capture the range and 

ambiguity inherent in human assessments. Therefore, the present study adopts trapezoidal fuzzy numbers to model user 

opinions more effectively.  

Accordingly, the proposed methodology integrates trapezoidal fuzzy numbers with the FAHP framework. Fuzzy 

pairwise comparison matrices are constructed using linguistic evaluations, which are then transformed into 

corresponding trapezoidal fuzzy numbers. The linguistic variables employed for pairwise comparisons of each criterion 

are presented in Table 1. 
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Table 1. Linguistic variables for pairwise comparison of each criterion. 

Linguistic scale Trapezoidal  scale Trapezoidal fuzzy reciprocal scale 

Equal (1,1,1,1) (1,1,1,1) 

Equally important (1,1,2,3) (1/3,1/2,1,1) 

Weakly important (1,2,3,4) (1/4,1/3,1/2,1) 

Moderately more important (2,3,4,5) (1/5,1/4,1/3,1/2) 

More important (4,5,6,7) (1/7,1/6,1/5,1/4) 

Strongly more important (6,7,8,9) (1/9,1/8,1/7,1/6) 

 

Now, the algorithm of proposed FAHP method is as follows: 

Step 1: Construct the fuzzy pairwise comparison matrix [aij]n×n, in the form of trapezoidal fuzzy number by using 
Table 1 as follows: 

 

 [

(       ) (              )  (            )

(            )   (       )  (            )
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Step 2: The fuzzy geometric mean value      for each criterion   is calculated as 

 

    (            )
 

     ∀ (         )  
 

Step 3: The fuzzy weight    for each criterion   is calculated as 

 

      (         )     ∀ (         ) 

 

Here    (           ) and   (  )
   = (

 

  
 

 

  
 

 

  
 
 

  
 ). 

Step 4: Here fuzzy weights    (           ) are defuzzified by taking average, which is as follows: 

 

   
           

 
   ∀ (         ) 

 

After that we’ll get the defuzzified weight vector as 

 

   (         )   ∀ (         )  
 

Step 5: Normalize the defuzzified weight vectors as 

 

   
  

∑    
   

  ∀ (         ) 

 

After that we’ll get the normalised weight vectors as 

 

   (          )  ∀ (         )  

4.2. Reliability allocation 

Reliability is now allocated to all system components. For functions   , the allocated reliability [8] is calculated as 
 

          ∀ (           ) 
 

Here     is allocated reliability for functions      ∀          ,   is reliability goal of software system and     

is normalised weight vector of functions     ∀            
The reliability target/goal at the programme phase will be      for those programmes, that are associated with 

function    To execute function   , a matrix denoted as    
 , with the superscript  , is provided to indicate that this matrix 

is intended for the execution of function      and subscript     is provided to indicate those programmes which are 

associated with function  . The fuzzy weights are determined using geometric mean method which is discussed in 
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subsection 4.2. After defuzzification and normalization, we’ll get the normalised weight vectors of the programmes 

     ∀           which belong to function    as 

 

    (   
 )  ∀ (          ) 

 

For programmes   which belong to function  , the allocated reliability is calculated as 
 

    
  (   )

   
 

 ∀ (          ) 

 

Here     is allocated reliability for functions      ∀           and    
  is normalised weight vector of the 

programmes     ∀           which belong to functions      ∀            

The programme     will possess different reliability values corresponding to different functions. For convenience, 

the highest reliability value is chosen. 

 

           (   
 ) ∀ (          ) 

 

Here     is allocated reliability for programmes      ∀  j        . 

The reliability target/goal for the module phase will be     for those modules that are associated with programme  . 

To execute programme  , a matrix denoted as    
 
, with the superscript   , is provided to indicate that this matrix is 

intended for the execution of programme    and subscript   is provided to indicate those modules which are associated 

with programme   . The fuzzy weights are determined using geometric mean method. After defuzzification and 

normalization, we’ll get the normalised weight vectors of the modules     ∀           which belong to programme 

  as 

 

    (   
 )  ∀ (           ) 

 

For modules  , which belong to programme  , the allocated reliability is calculated as 

 

   
 
   (   )

   
 
   ∀ (           ) 
 

Here     is allocated reliability for programmes      ∀           and    
 
 is normalised weight vector of the 

modules    ∀           which belong to programme  . 
The module    will possess different reliability values corresponding to different programmes. For convenience, 

the highest reliability value is chosen. 

 

                         (   
 )   ∀ (             ) 

 

Here     is allocated reliability for modules           . 

The reliability target/goal for the submodule phase will be     for those submodules, that are associated with 

module  . To execute module  , a matrix denoted as    
 , with the superscript  , is provided to indicate that this matrix 

is intended for the execution of module     and subscript   is provided to indicate those submodules which are 

associated with module  . The fuzzy weights are determined using geometric mean method. After defuzzification and 

normalization, we’ll get the normalised weight vectors of the submodules     ∀           which belong to module 

  as 

 

    (   
 )  ∀ (           ) 

 

For submodules  , which belong to module   , the allocated reliability is calculated as 

 

   
    (   )

   
    ∀ (             ) 

 

Here     is allocated reliability for module      ∀           and    
  is normalised weight vectors of the 

submodules    ∀           which belong to module  . 

The submodule     will possess different reliability values corresponding to different modules. For convenience, 

the highest reliability value is chosen. 
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            (   
 )   ∀ (             ) 

 

Here     is allocated reliability for submodules            

5. Numerical Illustration 

The hierarchical structure consisting of system, function, program, module, and submodule levels is widely 

applicable in real-world software engineering environments. In large-scale software systems such as enterprise 

applications, cloud-based platforms, and distributed systems, the overall system is decomposed into multiple functions, 

which are further implemented through programs, modules, and submodules to ensure modularity and efficient 

management. For example, in enterprise systems, functions such as authentication, data processing, and reporting are 

organized into programs and further divided into modules and submodules to perform specific tasks. Therefore, the 

adopted hierarchical structure reflects practical software design principles and provides a realistic basis for reliability 

allocation.  

In this study, for the purpose of analysis and demonstration of the proposed model, it is assumed that the software 
system consists of a finite number of functions, programs, modules, and submodules. This assumption facilitates the 

systematic application of the methodology while preserving its applicability to real-world systems. The hierarchical 

structure of software reliability is depicted in Figure 3. 

 

 

Fig. 3. The hierarchy of software reliability allocation model. 

Consider a software system consisting of four functions,         and     intended for diverse applications. 

Additionally, it is presumed that the users desired reliability target or reliability goal (R) for the system is 0.95.Users are 

asked to perform pairwise comparisons of these functions using the trapezoidal fuzzy scale given in Table 1.This scale 

is used by decision maker when conducting the pairwise comparison. The resulting comparison matrix is presented in 

Table 2. To ensure the reliability and logical consistency of the judgments, the consistency of the constructed matrix 

was evaluated after defuzzification. The obtained consistency ratio (CR) is 0.0185, which is well below the acceptable 

threshold value of 0.1. This indicates that the pairwise comparisons provided by the experts are consistent and the 

matrix is suitable for further analysis. 

Table 2. Pairwise comparision matrix for functions     (         ). 

Functios             

   (1,1,1,1) (1,1,2,3) (1,2,3,4) (2,3,4,5) 

   (1/3,1/2,1,1) (1,1,1,1) (1,1,2,3) (1,2,3,4) 

   (1/4,1/3,1/2,1) (1/3,1/2,1,1) (1,1,1,1) (1,1,2,3) 

   (1/5,1/4,1/3,1/2) (1/4,1/3,1/2,1) (1/3,1/2,1,1) (1,1,1,1) 
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Based on method discussed in subsection 4.2, geometric mean value    
  for each function      (         ) can be 

calculated as 

 

   
 = (1.1892, 1.5650, 2.2133, 2.7831) 

   
 = (0.7598, 1, 1.5650, 1.8612) 

   
 = (0.5372, 0.6389, 1, 1.3160) 

   
 = (0.3593, 0.4518, 0.6389, 0.8408) 

 

The fuzzy weights    
 for each function   (         ) can be calculated as 

 

   
= (0.4179, 0.4280, 0.4085, 0.4092) 

   
= (0.2670, 0.2735, 0.2888, 0.2736) 

   
= (0.1887, 0.1747, 0.1845, 0.1934) 

   
= (0.1262, 0.1235, 0.1179, 0.1236) 

 

Via defuzzification, the defuzzified weight vectors      of functions    (         ) are 

 

     (                           ) 
 

Via normalization, the normalised weight vectors     of functions    (         ) are 

 

    = (0.4160, 0.2757, 0.1853, 0.1228) 

For functions   (         ), the allocated reliability      is calculated as 
 

    = 0.9788,    = 0.9859,    = 0.9905,    = 0.9737 

 

For function   , programme       and    are taken as shown in Figure 3. For accomplishing function    , the 

comparison matrix    
  (       ) is depicted by Table 3 and the consistency ratio (CR) is 0.08, confirming acceptable 

consistency. 

Table 3. Pairwise comparison matrix    
 . 

Programmes          

   (1,1,1,1) (1,1,2,3) (1,2,3,4) 

   (1/3,1/2,1,1) (1,1,1,1) (1,1,2,3) 

   (1/4,1/3,1/2,1) (1/3,1/2,1,1) (1,1,1,1) 

 

The normalised weight vector (   ) of programmes      (       ) which belong to function    are 

 

   = (   
     

     
 )   (0.4766, 0.3151, 0.2080) 

 

Reliability allocations for programmes      (       ) which belong to function    are 

 

   
 = 0.9855,    

 =0.9904,     
  = 0.9936 

 

For accomplishing function     the comparison matrix    
  (       )  is depicted by Table 4 and and the 

consistency ratio (CR) is 0.03, confirming acceptable consistency. 

Table 4. Pairwise comparison matrix    
 . 

Programmes          

   (1,1,1,1) (1,2,3,4) (2,3,4,5) 

   (1/4,1/3,1/2,1) (1,1,1,1) (1,1,2,3) 

   (1/5,1/4,1/3,1/2) (1,2,3,4) (1,1,1,1) 

 

The normalised weight vector     of programmes      (       ) which belong to function    are  

 

   = (   
     

     
 )   (0.5690, 0.2617, 0.1692) 

 

Reliability allocations for programmes      (       ) which belong to function    are 
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  = 0.9885,    

  = 0.9947,    
  = 0.9965 

 

For accomplishing function  , the comparison matrix    
  (       ) is depicted by Table 5 and the CR is 0.06, 

confirming acceptable consistency. 

Table 5. Pairwise comparison matrix    
 . 

Programmes          

   (1,1,1,1) (2,3,4,5) (4,5,6,7) 

   (1/5,1/4,1/3,1/2) (1,1,1,1) (1,2,3,4) 

   (1/7,1/6,1/5,1/4) (1/4,1/3,1/2,1) (1,1,1,1) 

 

The normalised weight vector     of programmes      (       ) which belong to function    are 

 

   = (   
     

     
 )   (0.6490, 0.2650, 0.1169) 

 

Reliability allocations for programmes      (       ) which belong to function    are 

 

   
  = 0.9934,    

  = 0.9973,    
  = 0.9988 

For accomplishing function   , the comparison matrix     
  (       ) is depicted by Table 6 and the CR is 0.01, 

confirming acceptable consistency. 

Table 6. Pairwise comparison matrix    
 . 

Programmes          

   (1,1,1,1) (1,1,2,3) (2,3,4,5) 

   (1/3,1,2,1,1) (1,1,1,1) (1,2,3,4) 

   (1/5,1/4,1/3,1/2) (1/4,1/3,1/2,1) (1,1,1,1) 

 

The normalised weight vector     of programmes     (       ) which belong to function    are 

 

   = (   
     

     
 )   (0.5134, 0.3336, 0.1529) 

 

Reliability allocations for programmes     (       ) which belong to function    are 

 

   
  = 0.9948,    

  = 0.9966,    
  = 0.9984 

 

Reliability allocations (   ) for programmes    (       ) is calculated as 

 

    = Maximum (   
     

     
     

 ) =0.9985 

     = Maximum (   
     

     
     

 )=0.9973 

     = Maximum (   
     

     
     

 )=0.9988 

 

For accomplishing programme   , module           and    are taken as shown in Figure 3. For accomplishing 

programme   , the pairwise comparison matrix    
  (         ) is depicted by Table 7 and the CR is 0.018, 

confirming acceptable consistency. 

Table 7. Pairwise comparison matrix    
 . 

Modules M1 M2 M3 M4 

M1 (1,1,1,1) (1,1,2,3) (1,2,3,4) (2,3,4,5) 

M2 (1/3,1/2,1,1) (1,1,1,1) (1,1,2,3) (1,2,3,4) 

M3 (1/4,1/3,1/2,1) (1/3,1/2,1,1) (1,1,1,1) (1,1,2,3) 

M4 (1/5,1/4,1/3,1/2) (1/4,1/3,1/2,1) (1/3,1/2,1,1) (1,1,1,1) 

 

The normalised weight vector     of modules    (         ) which belong to programme    are 

 

   = (   
     

     
     

 )  (                           ) 
 

Reliability allocations for modules    (         ) which belong to programme    are 
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  = 0.9958,    

  = 0.9972,     
  = 0.9981,    

  =0.9987 

 

For accomplishing programme   , the pairwise comparison matrix    
  (         ) is depicted by Table 8 and 

the CR is 0.03, confirming acceptable consistency. 

Table 8. Pairwise comparison matrix    
 . 

Modules M1 M2 M3 M4 

M1 (1,1,1,1) (1,2,3,4) (2,3,4,5) (4,5,6,7) 

M2 (1/4,1/3,1/2,1) (1,1,1,1) (1,1,2,3) (2,3,4,5) 

M3 (1/5,1/4,1/3,1/2) (1/3,1/2,1,1) (1,1,1,1) (1,1,2,3) 

M4 (1/7,1/6,1/5,1/4) (1/5,1/4,1/3,1/2) (1/3,1/2,1,1) (1,1,1,1) 

 

The normalised weight vectors     of modules    (         ) which belong to programme    are 
 

   =  (   
     

     
     

 )  (0.5089, 0.2266, 0.1353, 0.1290) 
 

Reliability allocations for modules    (         ) which belong to programme    are 

 

   
  = 0.9948,    

  = 0.9977,    
  = 0.9986,    

  =0.9987 
 

For accomplishing programme   , the pairwise comparison matrix    
  (         ) is depicted by Table 9 and 

the CR is 0.04, confirming acceptable consistency. 

Table 9. Pairwise comparison matrix    
 . 

Modules M1 M2 M3 M4 

M1 (1,1,1,1) (2,3,4,5) (1,2,3,4) (2,3,4,5) 

M2 (1/5,1/4,1/3,1/2) (1,1,1,1) (1,1,2,3) (1,2,3,4) 

M3 (1/4,1/3,1/2,1) (1/3,1/2,1,1) (1,1,1,1) (1,1,2,3) 

M4 (1/5,1/4,1/3,1/2) (1/4,1/3,1/2,1) (1/3,1/2,1,1) (1,1,1,1) 

 

The normalised weight vector     of modules    (         ) which belong to programme    are 
 

   = (   
     

     
     

 )  (                           ) 
 

Reliability allocations for modules    (         ) which belong to programme    are 

 

   
  = 0.9952,    

  = 0.9977,    
 = 0.9986,    

 = 0.9987 

 

Reliability allocation  (   ) for modules    (         ) is calculated as   

 

   =Maximum (   
     

     
 ) =0.9958 

   =Maximum (   
      

     
 ) =0.9977 

   =Maximum (   
     

     
 ) =0.9986 

   =Maximum (   
     

     
 ) =0.9987 

 

For accomplishing module   , submodule           and    are taken as shown in Figure 3. For accomplishing 

module   , the pairwise comparison matrix    
  (         ) is depicted by Table 10 and the CR is 0.025, confirming 

acceptable consistency. 

Table 10. Pairwise comparison matrix    
 . 

Subodules S1 S2 S3 S4 

S1 (1,1,1,1) (1,1,2,3) (2,3,4,5) (4,5,6,7) 

S2 (1/3,1/2,1,1) (1,1,1,1) (1,2,3,4) (2,3,4,5) 

S3 (1/5,1/4,1/3,1/2) (1/4,1/3,1/2,1) (1,1,1,1) (1,2,3,4) 

S4 (1/7,1/6,1/5,1/4) (1/5,1/4,1/3,1/2) (1/4,1/3,1/2,1) (1,1,1,1) 

 

The normalised weight vector      of submodules    (         ) which belong to module    are 

 

    = (   
     

     
     

 )  (                           ) 
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Reliability allocations for submodule    (         ) which belong to module    are 

 

   
  =0.9953,    

  = 0.9970,    
  = 0.9984,    

  = 0.9991 
 

For accomplishing module   , the pairwise comparison matrix    
  (         ) is depicted by Table 11 and the 

CR is 0.018, confirming acceptable consistency. 

Table 11. Pairwise comparison matrix    
 . 

Subodules S1 S2 S3 S4 

S1 (1,1,1,1) (1,1,2,3) (1,2,3,4) (2,3,4,5) 

S2 (1/3,1/2,1,1) (1,1,1,1) (1,1,2,3) (1,2,3,4) 

S3 (1/4,1/3,1/2,1) (1/3,1/2,1,1) (1,1,1,1) (1,1,2,3) 

S4 (1/5,1/4,1/3,1/2) (1/4,1/3,1/2,1) (1/3,1/2,1,1) (1,1,1,1) 

 

The normalised weight vector     of submodules    (         ) which belong to module    are 

 

   = (   
     

     
     

 )  (                           ) 

 

Reliability allocations for submodules    (         ) which belong to module     are 

 

   
  = 0.9958,    

  = 0.9972,    
  = 0.9981,    

  = 0.9987 
 

For accomplishing module   , the pairwise comparison matrix     
  (         )is depicted by Table 12 and the 

CR is 0.022, confirming acceptable consistency. 

Table 12. Pairwise comparison matrix    
 . 

Subodules S1 S2 S3 S4 

S1 (1,1,1,1) (1,1,2,3) (1,2,3,4) (2,3,4,5) 

S2 (1/3,1/2,1,1) (1,1,1,1) (1,1,2,3) (1,2,3,4) 

S3 (1/4,1/3,1/2,1) (1/3,1/2,1,1) (1,1,1,1) (1,1,2,3) 

S4 (1/5,1/4,1/3,1/2) (1/4,1/3,1/2,1) (1/3,1/2,1,1) (1,1,1,1) 

 

The normalised weight vector     of submodules    (         ) which belong to module    are 
 

   = (   
     

     
     

 )  (                           ) 

 

Reliability allocations for submodules     (         ) which belong to module    are 

 

   
  = 0.9788,    

  = 0.9859,    
  = 0.9905,    

  = 0.9937 
             

For accomplishing module   , the pairwise comparison matrix    
 (         )  is depicted by Table 13 and the 

CR is 0.033, confirming acceptable consistency. 

Table 13. Pairwise comparison matrix    
 . 

Subodules S1 S2 S3 S4 

S1 (1,1,1,1) (2,3,4,5) (4,5,6,7) (6,7,8,9) 

S2 (1/5,1/4,1/3,1/2) (1,1,1,1) (2,3,4,5) (4,5,6,7) 

S3 (1/7,1/6,1/5,1/4) (1/5,1/4,1/3,1/2) (1,1,1,1) (2,3,4,5) 

S4 (1/9,1/8,1/7,1/6) (1/7,1/6,1/5,1/4) (1/5,1/4,1/3,1/2) (1,1,1,1) 

 

The normalised weight vector     of submodules    (         ) which belong to module    are 

 

   = (   
     

     
     

 )  (                           ) 
 

Reliability allocations for submodules    (         ) which belong to module    are 

 

   
  = 0.9942,    

  = 0.9973,    
  = 0.9988,    

  = 0.9994 
 

Reliability allocation (   ) for submodules    (         ) is calculated as   

 

   =Maximum (   
     

     
     

 ) =0.9958 
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   =Maximum (   
     

     
     

 ) =0.9973 

   =Maximum (   
     

     
     

 ) =0.9988 

   =Maximum (   
     

     
     

 ) =0.9994 
 

Therefore using geometric mean method in reliability allocation, reliability goals are calculated for every software 

components prior to the design of the actual system. In this process we have achieved maximum reliability for our 

system. To ensure that these objectives are realistic and meaningful, it is essential to take into account the typical user 

requirements and the specifications regarding the reliability of software system and architecture of the software. This 

approach reduces the communication gap among users, programmers and software managers concerning the allocation 

of software reliability. 

6. Comparison 

In complex systems, human judgments are generally expressed in linguistic and vague terms rather than precise 

numerical values. Such uncertainty cannot be effectively handled using crisp methods. Therefore, fuzzy set theory 

provides a better framework to represent these imprecise and subjective evaluations. Although AHP is a widely used 

decision-making tool, it has several inherent limitations: 

 

1. It is mainly applicable to crisp (non-fuzzy) decision environments. 

2. It uses a fixed and sometimes unbalanced scale for pairwise comparisons. 

3. It does not consider uncertainty in human judgments. 

4. The ranking results may lack precision. 

5. It is highly influenced by subjective preferences of decision-makers. 
 

To overcome the above limitations, there is a need for a method that can incorporate uncertainty and vagueness 

present in human thinking. This leads to the adoption of the fuzzy analytic hierarchy process (FAHP). 

To illustrate the effectiveness of the proposed approach, a numerical example is considered. Let, for the software 

system considered in this study, each submodule four criteria, namely T1, T2, T3 and T4, are taken into account for 

reliability allocation. The fuzzy pairwise comparison matrix for these criteria is constructed using the proposed FAHP 

approach and is presented in Table 14. 

Table 14. Pairwise comparison matrix for criteria. 

Functions T1 T2 T3 T4 

T1 (1,1,1,1) (1,1,2,3) (1,2,3,4) (2,3,4,5) 

T2 (1/3,1/2,1,1) (1,1,1,1) (1,1,2,3) (1,2,3,4) 

T3 (1/4,1/3,1/2,1) (1/3,1/2,1,1) (1,1,1,1) (1,1,2,3) 

T4 (1/5,1/4,1/3,1/2) (1/4,1/3,1/2,1) (1/3,1/2,1,1) (1,1,1,1) 

 

To examine the consistency of the judgments, the matrix is first defuzzified and the corresponding consistency 

ratio is 0.0185, which is found to be within the acceptable limit. Using the proposed FAHP-based geometric mean 

method, the weights of the criteria are obtained as (0.4160, 0.2757, 0.1853, 0.1228). For the purpose of comparison, the 

same matrix is analyzed using the classical AHP method, yielding the weights (0.4131, 0.2770, 0.1872, 0.1225). It is 

observed that both methods produce nearly identical results and the same ranking of criteria, thereby validating the 

consistency and robustness of the proposed FAHP approach. 

Furthermore, while AHP relies on precise numerical judgments, the proposed FAHP approach effectively 
incorporates uncertainty and vagueness inherent in human decision-making through trapezoidal fuzzy numbers. Hence, 

FAHP provides a more realistic and flexible framework, making it more suitable for reliability allocation in complex 

software systems. 

7. Conclusion 

This study presents a novel model for addressing the reliability allocation problem in software systems with the 

objective of achieving maximum reliability during the software development process. The proposed framework 

effectively integrates users’ perspectives on software functionalities with the viewpoints of software engineers and 

programmers re-garding programs, modules, and submodules. A hierarchical structure is systematically developed in a 

fuzzy environment to decompose the problem from higher to lower levels. The FAHP, based on the geometric mean 

method with trapezoidal fuzzy numbers, is employed to derive the necessary parameters for reliability allocation. 

Furthermore, a comparative analysis between the classical AHP and the proposed FAHP approach has been carried out. 

The results indicate that both methods yield consistent rankings; however, FAHP provides a more realistic and flexible 
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representation by incorporating uncertainty and vagueness in human judgments. This demonstrates the robustness and 

effectiveness of the proposed model. 

Future work may focus on extending the proposed model by incorporating other advanced fuzzy environments, 

such as interval-valued or q-rung orthopair fuzzy sets, to further enhance its capability in handling higher degrees of 

uncertainty. In addition, the model can be applied to large-scale real-world software systems and compared with 

optimization-based and reliability growth models to further validate its practical effectiveness. 
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