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Abstract. 
Requirements Prioritization is a crucial part of Requirements 
Engineering which helps to prioritize the customer’s requirements 
according to his needs and priorities. This prioritization describes 
which requirements should be addressed first and which can be 
addressed later in the software development process. Researchers 
have suggested many methods and techniques of requirements 
prioritization. However, there is no comprehensive technique that 
can be used for all sizes of software projects. This research paper 
includes an overview of the concept of requirements prioritization, 
the most common techniques used to prioritize the requirements, 
and their comparison. Based on based on this comparison, a new 
requirements prioritization technique is presented in this paper 
which can be used for every size of a software project. This 
technique aims to provide the solution to many issues of previous 
techniques especially dependencies of requirements, user 
involvement as well as designers involvement. The results 
demonstrated that the RP model outperforms traditional 
techniques, particularly in agile development environments, by 
providing a more efficient and flexible prioritization process. The 
involvement of designers in requirements prioritization and 
handling of requirements dependencies reduces the efforts required 
in the design process. 

Abbreviations. 
Enhanced Multi-Verse 
Optimizer (EMVO) 
 
Goal-oriented 
requirement Language 
(GRL) 
 
Analytical Hierarchy 
Process (AHP) 
 
Proposed Technique 
(RP-Model) 
 

Keywords: Artificial Intelligence, Requirements, Prioritization, Minimax, Optimization. 

     

 
 

   

    
 

mailto:mariyatauqeer870@gmail.com


                                 International Journal of Innovations in Science & Technology 

Jan 2025|Vol 07 | Issue 01                                                                      Page |147  

Introduction: 
Computers and technology have overtaken the world these days, thus the need for 

software products is increasing day by day. However, the failure rate of t h e  software is not 
minimized to this extent. In software development, requirement engineering plays a vital role as 
it states the user’s need and the success rate of software depends upon the fulfillment of the 
user’s need. Requirements Engineering involves many activities; feasibility study, compilation of 
criteria, identification, structuring, prioritization, testing, configuration, and management [1]. 
Requirements prioritization is one of the most important activities in requirements engineering. 
It helps to prioritize the user’s needs so that the most important functions can be delivered first 
and the others can be addressed later. In projects where resources like time and budget are 
limited, requirements prioritization is necessary to meet deadlines and low budgets. Competitive 
edge is another major business goal that can be met by delivering the most important 
functionalities of the software first, by using requirements prioritization. For requirements 
prioritization, stakeholders are actively engaged to ensure they can prioritize the most critical 
requirements based on their preferences and needs [2]. 

Literature highlights many requirements prioritization techniques, which have some 
gaps i.e., less user involvement, no scalability, etc. The dependencies of requirements are another 
important issue of these techniques. Addressing them during the early stages of software 
development, such as the Requirements Engineering phase, offers several benefits: ensuring the 
applicability of requirements, minimizing effort in the design phase, detecting errors earlier, and 
resolving conflicts through mutual consensus between requirements engineers and software 
designers [3]. 

This research paper proposes a new requirements prioritization technique to incorporate the 
above benefits. This technique involves usability, scalability, dependency, accuracy, user, and 
designer. In this research paper, we will also discuss the most common techniques for 
requirements prioritization which include: Numerical Assignment, Moscow, Binary Search Tree 
Technique, AHP, Bubble Sort Technique, Hundred Dollar Technique, and Planning Game [4]. 
We aim to analyze these techniques based on Usability, Scalability, Accuracy, and Stakeholder 
Involvement. Finally, an evaluation of the proposed technique is also performed in this research 
paper. This research paper aims to answer the following research questions: 

• R1: What is the importance of requirements prioritization? 

• R2: What are the major requirements prioritization techniques and their characteristics?  

• R3: What can be the best technique or method for requirements prioritization? 

• R4: What are the pros and cons of the proposed technique? 
Objectives: 

• To emphasize the importance of requirements prioritization in software development. 

• To analyze major requirements prioritization techniques and their characteristics. 

• To propose a new technique (RP-Model) for requirements prioritization that 
incorporates usability, scalability, dependency management, accuracy, and user/designer 
involvement. 

To evaluate the proposed technique in terms of its pros and cons. 
Literature Review: 

Software testing is often constrained by budget and time, which may lead to certain tests 
being omitted during the testing of large software systems. Prioritizing the test cases is important 
in the software testing process. In requirements modeling, a meta-model is employed, and an 
instance of this meta-model is processed using the modified PageRank algorithm, which aids in 
prioritizing the requirements effectively [5]. A research paper [6] Proposed a method named 
EMVO. This method used an algorithm having three concepts White hole, Black hole, and 
Wormhole.  
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Prioritization of requirements is crucial for the successive development of software 
products and the reduction of risk. The current research aims to increase the accuracy of 
requirements and minimize the effort of the user that serves while making a decision. Various 
requirement prioritization techniques have been proposed in the literature; however, many of 
these techniques lack efficiency and exhibit low performance [7]. The efficiency of performance 
depends on the selection of the optimum technique. In [7], a new technique is introduced 
which is a genetic algorithm, which is efficient for requirement prioritization that reduces time 
and increases performance. This algorithm analyzes the input and takes an initial random 
population for requirements prioritization [8]. 

Stakeholder viewpoints are considered one of the most important parts of the 
prioritization of requirements. Many optimization problems are solved via a whale optimization 
algorithm. In another study [9], the whale optimization algorithm is used to prioritize software 
requirements. The process involves representing requirements within the search space and 
prioritizing them by simulating the hunting behavior of whales. The Whale Optimization 
Algorithm has been evaluated for prioritizing requirements of varying sizes based on runtime 
performance compared to the AHP technique. The results show that the Whale Optimization 
Algorithm outperforms AHP by 40%. Another method [10] Is based on GRL allows the 
stakeholders to model their requirements as well as the influence of the organizations. 
Requirement prioritization plays a crucial role during the elicitation phase, as implementing all 
requirements in a single release is often challenging. Effective prioritization is essential for 
successful release planning. A study [11], deploys the goal-based requirement prioritization 
technique,  which depends on generating relative weight for requirements according to 
stakeholders’ goals. The goal-based requirement prioritization technique is best for solving 
problems of time consumption and complexity [11]. In another research paper [12], explores the 
process of requirements prioritization, emphasizing the importance of both functional and non-
functional requirements. This paper discusses the most used requirements prioritization 
techniques,  including a critical analysis of such techniques, and proposes a model for the 
comparison of techniques to find the best one [12]. 

Prioritization of requirements is the most basic phase of the requirement engineering 
process that plays a very important role in delivering good software products that meet the 
stakeholder’s needs. In a study [13], the Grey Wolf Optimization (GWO) algorithm is used as a 
metaheuristic technique that consists of grey wolves for requirement prioritization. The Grey 
Wolf Optimization (GWO) algorithm differs from other techniques due to its leadership 
hierarchy, which includes alpha, beta, delta, and omega wolves. When compared with the AHP 
technique, GWO demonstrates a 30% improvement in terms of runtime and its ability to handle 
larger dataset sizes.A new technique is established for user requirements prioritization that is 
named” URPCalc”. This technique allows u s  to estimate the change in user requirements and 
their impact in the future. URPCalc also ensures the quality and reduction of cost by using 
automated software to examine the requirements prioritization [14]. Another research paper [15] 
discusses requirements prioritization problems and challenges that are faced by requirements 
prioritization  The authors of above stated study also proposed MDRE which is another efficient 
technique used for requirements prioritization. In a research paper [16], the authors analyze 
various techniques for requirements prioritization based on factors such as scale, complexity, 
scalability, and customization. The paper also includes a case study that discusses the selection 
of the most suitable requirements prioritization technique [16]. 
Requirements Prioritization and its Need: 

Requirements refer to the functionalities needed by the user in a specific software 
product. During software development, there are often numerous requirements that cannot be 
addressed all at once. To manage this, requirements are prioritized [17]. Figure 1 shows the 
balance between resources and requirements i.e., resources are mostly limited for implementing 
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all of the requirements at once. 

 
Figure 1. Balance between resources and requirements 

In software development, requirements prioritization plays a vital role in many ways. If 
resources i.e., time and budget are limited, requirements prioritization can help in identifying 
the most crucial requirements that should be delivered in initial releases [18]. Requirements 
prioritization is necessary to first focus on the most important requirements to separate the 
domain requirements and business requirements. Prioritization helps manage and control 
different requirements. 
Materials and Method: 
Requirements Prioritization Methods or Techniques: 

Many fundamental techniques have been designed for requirements prioritization. Some 
of these are discussed below: 
Numerical Assignment: 

In numerical assignment, different levels of prioritization are specified as high, medium, 
and low. These levels are then assigned to the requirements based on their priority. There can 
be a scale from 1 to 3, instead of high, medium, and low which is assigned to each 
requirement by the stakeholder. All the requirements assigned to a specific level have the same 
priority. 
Moscow: 

Moscow is quite similar to the numerical assignment. In this technique, four priority 
groups are presented i.e., Must have, should have, could have, and won’t have. Must have means 
that the requirement must be present in the software. Should have meant if the requirement is 
implemented in the software, it would be better for the software product [19]. Could have 
shown if the requirement exists, it would be good for the software. Won’t have represented the 
least priority requirements that would not be implemented in the current release. 

 
Figure 2. Bubble sort technique table [20] 
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Bubble Sort: 
This technique originally belonged to data structures for the sorting of elements. In this 

technique, two requirements are compared with each other, and the requirement with high 
priority is selected. This selected requirement is then compared with other requirements in the 
same manner. In this way, a priority list of requirements is established. Figure 2 shows how the 
bubble sort technique is performed on different requirements. 
Binary Search Tree: 

This prioritization technique also originated from data structures related to the sorting 
of elements. This technique is applied to requirements prioritization by. In this technique, a tree 
is formed by using nodes. Each node has at most two child nodes. These nodes represent the 
requirements. First, we take a requirement and consider it as the base node, this requirement is 
then compared with two other requirements. The requirement with higher priority is placed on 
the right side while the requirement with low priority is placed on the left side. This process 
continues until all requirements are compared and sorted in the form of a tree. 
Hundred Dollar Method: 

In this technique, 100 points are given to stakeholders to divide among the requirements. 
The stakeholders assign the points to the requirements and t h e  higher the points given to 
a requirement; the higher the requirement will be considered in priority. 
Planning Game: 

This technique is best suited for XP programming in agile-based projects. This technique 
involves stakeholders as well as developers at the same time. The stakeholders assign the 
requirements to three categories: Must be implemented, better to implement, and cannot 
implemented for the current release. These categorized requirements are then analyzed by the 
developers to the time taken in developing each requirement and again categorized the 
requirements into three groups: accurate, logically fine, and cannot be implemented. 
Analytical Hierarchy Process: 

Table 1. Comparison of requirements prioritization techniques 

No. Techniques Characteristics 

1 Numerical Assignment Same priorities for the same group. 
Low reliability. Low fault tolerance. 
Not scalable. Less Accurate. 

2 Moscow Same priorities for the same group. 
Low reliability. Not scalable. Less Accurate. 

3 Bubble Sort Less Time-consuming. 
High Performance. 
Reliable. Efficient. 

4 Binary Search Tree Highly Scalable 
More Accurate. Easy to implement. 
Efficient. 

5 Hundred Dollar Method Inapplicable for the large number of 
requirements as the sum doesn’t add up to 100. 
Hard to maintain consistency. Quick and easy 
for the small number of requirements. 

6 Planning Game Easy to use. 
Unsuitable for large projects. Same priorities 
for the same group. 

7 AHP More Accurate. 
Unsuitable for large projects because of the 
large number of comparisons 
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This technique was proposed by [12], the stakeholders break their requirements into 
subproblems to form a hierarchy. The developers then compare those requirements in terms 
of cost and time and form a comparison matrix. The recommended number of comparisons is 
n*(n- 1)/2 while n is the number of requirements. Table 1 shows the comparison between the 
above-mentioned requirements techniques. 
Proposed Methodology: 

The previously mentioned requirements prioritization techniques are not efficient 
enough to be applied across all sizes of software projects. Another important factor of 
requirements handling is the dependability of requirements which is not handled in any of the 
previously mentioned techniques efficiently. 

For the solution of such problems, a technique is proposed here in which both user and 
designer are involved. The user prioritizes the requirements based on their preferences, while 
the designer manages the dependencies between the requirements. The following model 
provides a pictorial representation of this technique. 

 
Figure 3. RP-Model 

In this technique, the designer receives the requirements from the user in the layman 
form and arrange them in a hierarchical tree as shown in Figure 4. In this figure, R1 represents 
the first requirement while R2 represents the second requirement, and so on. By arranging the 
requirements in a hierarchical form, the dependability of requirements will be handled. Any 
subsequent requirement is kept under the main requirement in the subsequent levels for 
maintaining the hierarchy. 

 
Figure 4. Requirements Tree 

This requirement tree is then handed over to the user, who assigns a number to each 
requirement based on their preferences, as shown in Figure 5. In this figure ’P’ represents the 
priority value along with a number given by the user. These numbers range from 1-10 
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representing 1 as the highest priority and 10 as the lowest priority. This scale can vary according 
to the size of the project. 

 
Figure 5. Numbered Tree 

To make this technique efficient and time-saving, the Minimax Algorithm of Artificial 
Intelligence was utilized in this study. This algorithm analyzes the numbered requirements and 
determine which requirement should be fulfilled next. The minimax algorithm is traditionally 
used in a game theory to depict the next move in the game. In our technique, this algorithm 
assisted in efficiently selecting the next requirement to work on, as shown in Figure 6. This 
algorithm was highly efficient for the extraction of any number of requirements.  

The scale used for prioritization here was 1 to 10. However, this algorithm could be 
implemented with any scale, such as 1 to 100. 

 
Figure 6. Minimax Algorithm 

In this algorithm, initially, all numbers were at the same level. These numbers were then 
compared pairwise, with the lower number moving to the higher level. This process continued 
until all the numbers were sorted. Requirements on the highest level were implemented first and 
given the highest priority, with the highest priority being 1. This algorithm was applied to the 
numbered tree by the designer, and a final tree was formed in which all the requirements were 
prioritized.  
Results and Discussion: 

Herein this study, an email system was utilized for evaluation of proposed solution. In 
this system, the requirements of the user were taken and then prioritized according to our 
proposed technique. 
Requirements: 

The email system was designed to include user registration, email sending and receiving 
functionality, email deletion, settings options, search features, and a help menu. As it can be seen 
the above-mentioned requirements are ambiguous and details are hidden. To concisely manage 
these requirements and incorporate their dependent abilities the designer is required to form a 
tree known as a requirement tree based on the above requirements as shown in Figures7 and 8. 
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Figure 7. Requirements Tree I 

 
Figure 8. Requirements Tree II 

The users were required to allocate numbers to the requirements based on their own 
preferences and priorities. The scale used by the user is 1-10 i.e., 1 represents the highest 
priority while 10 represents the least priority as shown in Figures 9 and 10. 

 
Figure 9. Numbered Tree I 

Highly prioritized requirements, which were to be implemented first, were then extracted from 
the numbered tree using the Minimax algorithm. 

 
Figure 10. Numbered Tree II 

The final prioritized tree after the application of the Minimax algorithm is shown in: 
Figure 11. In this tree, all the requirements that were prioritized as the most important 
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requirements i.e., numbered a 1, appear at the first level in the tree, and so on. 

 
Figure 11. Prioritized Tree 

The code of Minimax algorithm 12 used for prioritizing the requirements is given below 
in figure 12. 

 
Figure 12. Code of Minimax Algorithm 

Figure 13 shows the output of the above-mentioned code. The code returns the smallest 
value which is the optimal value representing the most important requirement. 

 
Figure 13. Output 

Comparison of Proposed Technique with Other Techniques: 
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In this section, the comparison of our Proposed Technique (RP-Model) with previously 
mentioned techniques is per- formed with respect to some parameters as shown in Table 2. 

Table 2. Comparison of the Proposed technique with other techniques 

 
Pros and Cons of RP-Model: 
Pros: 

• The Minimax algorithm provides an optimal solution by identifying the most important 
requirement based on the highest priority. 

• This technique will help in decision-making as we can implement the requirements that 
are at the highest priority in the first release. 

• Direct user involvement is required in this technique which ultimately leads to user 
satisfaction. 

• Designer is also involved throughout the process which helps to identify the 
dependability of requirements. 

• By handling the dependencies here, will minimize the efforts required in the design 
phase. 6. Incorporating the dependability will result in earlier detection of errors and 
inapplicability of requirements. 6. This model helps in managing a large number of 
requirements and scales in less time and effort. 

Cons: 
• This model can be a little bit slow due to the branching factor of the Minimax 

algorithm. 
• If the  designer or user are not available at the time this may cause some delay in the 

whole process. 
Discussion: 
           The results of this research highlight the effectiveness of the RP-Model in prioritizing 

requirements in complex software projects, particularly in managing dependencies and scaling 

with large datasets. When compared to traditional techniques such as Numerical Assignment, 

Moscow, Bubble Sort, and Analytical Hierarchy Process (AHP), the RP-Model demonstrated 

clear advantages in terms of scalability, accuracy, and user involvement [4]. Techniques like 

Numerical Assignment and Moscow, rely on basic categorizations, usually struggle to handle 

large numbers of requirements, and fail to manage dependencies, potentially leading to 

inefficiencies. In contrast to these methodologies, the proposed model employed a hierarchical 

structure that directly addresses these dependencies, providing a clearer path for 
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implementation. Bubble Sort is efficient in smaller datasets, but it also suffers from the same 

limitations and does not account for dependencies. However, the RP-Model uses the Minimax 

algorithm to prioritize requirements based on both their importance and interdependencies, 

making it more effective for larger, more complex projects [12][13]. 

                 The AHP method is highly accurate, but it becomes increasingly cumbersome as the 

number of requirements grows due to the need for pairwise comparisons, leading to high time 

complexity. The RP-Model, however, scales better with larger datasets by automating the 

prioritization process with the Minimax algorithm, which also incorporates designer feedback 

which is not present in AHP. A significant advantage of the RP-Model is its handling of 

requirement dependencies, an area where other methods like the Hundred Dollar and Planning 

Game techniques often fail or do so inefficiently. This is particularly important in avoiding 

conflicts during the implementation phase and ensuring smoother project development, which 

is a key trend in current research. 

           Recent trends in software engineering, highlight the needs for prioritization methods 

which are flexible, efficient, and capable of incorporating stakeholder feedback quickly. The RP-

Model fits well within these trends, emphasizing direct user and designer involvement to make 

rapid decisions and adapt to changes in requirements. Additionally, the growing emphasis on 

automated decision-making in software engineering aligns with the RP-Model’s use of artificial 

intelligence, particularly the Minimax algorithm, to enhance decision-making efficiency. This 

trend towards AI-driven requirements engineering is gaining momentum in the industry, aiming 

to improve software development processes by automating complex decision-making tasks, 

reducing human error, and ensuring greater alignment with user needs [14][15]. 

          Despite its advantages, the RP-Model does have limitations. The Minimax algorithm, 

while generally efficient, may experience performance slowdowns when handling projects with 

a high branching factor, especially in very large datasets. Future work could focus on optimizing 

this algorithm to handle such cases more efficiently. Furthermore, the model's reliance on 

designer and user involvement may present challenges in projects with limited stakeholder 

availability or communication issues. Future research could also explore incorporating additional 

factors, such as business value, technical feasibility, and risk, into the prioritization process, 

making the model more comprehensive and aligning it with the growing trend of value-driven 

requirements prioritization, which aims to maximize the return on investment in software 

development projects. 

Conclusion: 
It is important to prioritize software requirements because without prioritization the 

software team can’t deliver the right product according to user satisfaction at the right time. This 
fact may lead to software failure. There are many techniques available to prioritize software 
requirements i.e., Numerical Assignment, Moscow, Bubble Sort, hundred-dollar method, etc. 
but these techniques have some limitations. These techniques do not handle dependencies and 
large sets of requirements efficiently. Our proposed model involves the user alongwith the 
designer to prioritize requirements and efficiently help in decision-making. This model also 
handles dependencies by arranging the requirements in a hierarchical form. The early 
involvement of designers in software development leads to less effort in the design phase and 
also helps in the early detection of errors concerning dependencies. Hence this model can be 
used for efficiently managing large software requirements. 
Future Work: 

For future recommendations, the RP model proposed in this paper can be implemented 
in an automated form for prioritizing large numbers of requirements. Many other algorithms or 
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techniques from other knowledge areas can be used for requirements prioritization as in this 
research paper Minimax Algorithm is used which originated from Artificial Intelligence. 
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