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Abstract

Test case growth in software maintenance poses multifaceted challenges, including extended execution times, heightened costs,
maintenance complexities, and increased system intricacy. Larger test cases not only introduce redundancy but also elevate the risk of
overlooking defects during testing, emphasizing the need to manage test case expansion effectively while maintaining adequate testing
coverage. One approach to mitigating this issue is risk-based prioritization, which focuses on testing critical and high-risk areas of the
software. By emphasizing these pivotal aspects, this method aims to streamline test cases, optimizing testing efforts. However, it has
limitations, as it may not comprehensively address all functional requirements, necessitating an in-depth understanding of the software
system's architecture and vulnerabilities. Furthermore, requirements-based prioritization ensures thorough testing of all functional
requirements, crucial for meeting industry standards and regulatory compliance. This approach utilizes clear criteria provided by
requirements to evaluate whether software functions as intended. While effective in guaranteeing comprehensive coverage, it may fall
short in addressing all potential risks and vulnerabilities, potentially undermining its effectiveness in identifying and prioritizing critical
areas of the software. Considering these challenges, a nuanced approach that combines risk-based and requirements-based prioritization
could offer a balanced solution. By leveraging the strengths of both methods, it becomes possible to address the diverse aspects of
software testing, optimizing coverage, and efficiently managing test case growth. Moreover, the proposed model demonstrates
promising results in tackling these challenges. With a notable test suite size reduction of 0.61-1.05% compared to traditional methods
and a faultless percentage surpassing comparative studies by 0.05-0.75% across seven C-language System Under Test (SUT) programs,
the model showcases its efficacy in improving testing efficiency and reliability. These findings underscore the potential of adopting
advanced models to navigate the complexities associated with test case management and software testing in general.
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1. Introduction

Software maintenance (SM) is the process of modifying and updating software to fix identified problems, address bugs, and improve
functionality. The two main categories of SM sm are corrective and adaptive. The process involves several steps, including identifying
and analyzing problems, creating a plan, implementing changes, testing, and releasing the updated software. These activities can lead
to an increased size of test cases due to various factors. Such factors include the need to update or create new test cases when changes
are made to the software, the impact of changes on the complexity of the software, creation of specialized test cases to address specific
problems or bugs, and the need to consider all the different configurations and environments in which the software operates. These
factors can result in a challenging testing process, making it more difficult to manage and execute test cases [1].

Therefore, test cases can become larger due to increasing software complexity, addition of new features, poor design and
organization, and insufficient planning. Larger test cases can result in delays, increased costs, and difficulty in managing and executing
software. Software testing teams can manage larger test cases by breaking them up into smaller units, using automated testing tools,
and developing effective strategies for testing. Automated testing tools can streamline the testing process, making it more efficient to
execute larger test cases, and help identify defects quickly and accurately [2].

The growth of test cases in size can lead to various challenges in software testing. These include increased time and resource
requirements for execution, difficulties in maintenance and updating, increased complexity, the presence of redundant test cases, and
an increased risk of defects. These challenges can impact the quality and reliability of the software being tested, making it important
for testing teams to develop strategies for managing and mitigating them [3].

To solve this problem, test case selection (TCS), minimization (TCM), and prioritization (TCP) are effectively developed. TCS
identifies and selects the most important and relevant test cases for a particular testing scenario. This can be achieved by prioritizing
adequate test coverage (TC) based on factors such as risk, functionality, and criticality [4]. By selecting the most important test cases,
testing teams can reduce the number of required test cases, test cases required, while still ensuring adequate TC. Furthermore, TCM
removes redundant or unnecessary test cases. This can be achieved by analyzing the test suite (T) and detecting test cases that cover
the same functionality or requirements as other test cases. By removing redundant test cases, testing teams can reduce the overall size
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of the T, while still ensuring that all critical functionality is tested [5]. Furthermore, TCP prioritizes the most critical and high-risk areas
of the software to focus testing efforts. This approach involves evaluating the risks associated with the software and prioritizing testing
efforts based on the level of risk associated with different areas of the software. By prioritizing testing in this way, testing teams can
reduce the number of test cases required while still ensuring that the most important areas of the software are thoroughly tested [6].

By prioritizing testing based on the risk and impact of potential defects, testing teams can focus their efforts on the most critical
test cases. This means that they can reduce the number of test cases needed to achieve the desired level of TC. A software development
team may have identified 100 test cases that need to be executed to achieve a desired level of test coverage for a new feature they are
developing [7]. However, they realize that some of these test cases may not be necessary or are redundant. By prioritizing the most
critical test cases, they can achieve the same level of TC with fewer tests. After a careful analysis, the team may decide that they can
achieve the same level of TC with only 70 test cases, by focusing on the most critical requirements and functionalities. Through a
reduction of the number of tc needed, the team can save time and resources while still ensuring that the new feature is thoroughly tested
before release [8].

By reducing the number of test cases, testing teams can reduce time and conserve resources, as well as improving their testing
efficiency. Additionally, by prioritizing the most critical test cases, testing teams can identify high-risk defects early in the testing
process, which can prevent issues from escalating and becoming more costly to address later in the software development cycle [9].

This paper focuses on TCP, which is the process of ordering test cases based on their relative importance or urgency. The goal of
TCP is to ensure that the most critical tc are executed first to identify and address high-risk issues as early as possible [10]. There are
several techniques that can be used for TCP. These include (i) risk-based prioritization, a technique that involves assessing the risk
associated with each test case and prioritizing test cases based on their potential impact on the system. Also, (ii) requirements-based
prioritization involves prioritizing test cases based on their coverage of the system's requirements, with higher priority given to test
cases that cover critical or high-priority requirements. Additionally (iii), business value-based prioritization, it includes giving initial
emphasis to test cases based on the business importance of the system functionality that they cover. Furthermore (iv), time-based
prioritization, prioritization emphasizes test cases based on their deadline or scheduled release date. Finally, (v) dependency-based
prioritization, which concerns emphasizing test cases based on their dependencies on other test cases or system components. However,
risk-based prioritization and requirements-based prioritization are two methods used to emphasize test cases and that have different
advantages and disadvantages depending on the specific context and objectives of the testing process [11].

This paper proposes a combined risk-based and requirements-based prioritization scheme for optimizing testing resources and
assuring that both critical risks and functional requirements are thoroughly tested. Ultimately, the choice of prioritization method will
depend on the specific context and objectives of the testing process.

2. Materials and methods
2.1 Seven programs used in the experimental studies

Table 1 presents specifications for C-language systems under test (SUTSs). The following is an explanation of the columns contained
in this table. The 'Name' column displays the name of the object that a particular SUT represents. The 'LOC' column shows the total
lines of code (LOC) in each source code file, including comments. The 'No. of test cases ' column indicates the number of available
test cases for the program. This number is obtained from fault matrices within the SUT. The 'No. of Fault' column shows the number
of faults present in the SUT. In a multisession program, this number represents the sum of faults found in each version. For space fault
objects, each faulted version of the SUT contains only one fault, so the number of faults is equal to the number of faulted versions [12].

Table 1 Specifications for C-language Systems Under Test (SUTS)

Name LOC No. of test cases No. of Faults
printtokens 726 4113 7
printtokens2 570 4115 10
replace 564 5542 32
schedule 3412 2650 9
schedule2 5374 2710 10
tcas 173 1608 41
totinfo 565 1052 23

2.1.1 Basic knowledge of test case prioritization (TCP)

TCP is a crucial strategy employed in software testing to optimize the order in which test cases are executed. It is a method of
ensuring that the most critical defects are identified and resolved early in the software development life cycle, which ultimately reduces
the overall cost of testing and time-to-market [13]. In this article, we will discuss the importance of TCP and its benefits in various
software testing environments. The prioritization process is an essential aspect of TCP. It involves evaluating each test case and
assigning a priority level based on various risk factors. These factors can include the likelihood of detecting a defect, the severity of
the potential defects, and the impact on the software or end-users. Based on these risk factors, priority levels are assigned to each test
case, which then helps determine the order in which the test cases will be executed [14]. One of the significant advantages of TCP is
that it ensures that the most critical defects are identified and resolved early in the software development cycle. By prioritizing high-
risk test cases, software testers can focus their efforts on the most critical areas of the software and identify serious defects that may
impact the software's functionality. By doing so, it is possible to address these defects early, which can ultimately reduce the testing
costs and time-to-market [15].

Another benefit of TCP is that it is particularly useful in agile or continuous testing environments, where there are time and resource
constraints. In such an environment, it is essential to identify and address defects quickly and efficiently, as delays can have a significant
impact on overall project timelines. TCP helps in such scenarios by enabling identification of critical defects early, thus enabling
software testers to address these defects before they become more significant problems [16].
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Furthermore, TCP is also useful in complex software systems that have multiple interdependent components. In such systems, early
identification of critical defects is crucial, as any defect in one component can have a cascading effect on other components, resulting
in more significant issues at later stages. By prioritizing high-risk test cases in such systems, software testers can focus their efforts on
the most critical areas, ensuring that impactful defects are identified and resolved before they can impact other components [17].

Therefore, TCP is a useful strategy in software testing that can help reduce testing costs and time-to-market while ensuring that
critical defects are identified and resolved early. By evaluating each test case and assigning a priority level based on various risk factors,
software testers can focus their efforts on the most critical areas of the software, enabling them to identify and address major defects
before they can cause more significant problems. Additionally, TCP is particularly useful in agile or continuous testing environments,
where time and resource constraints demand quick and efficient defect identification and resolution. Ultimately, TCP is a valuable tool
in any software testing process, enabling software testers to improve the overall quality and reliability of the software they develop
[18].

2.1.2 Risk-based prioritization (R;)

Risk-based prioritization is a valuable approach that organizations use to determine which tasks or projects require focus based on
their level of risk. By prioritizing those that pose the greatest potential impact on the organization's goals or objectives, organizations
can maximize their resources, mitigate risks, and demonstrate due diligence to stakeholders. By allocating resources to the areas that
require the most attention, organizations can address potential problems before they become major issues, reducing the likelihood of
negative consequences. Also, prioritizing tasks or projects based on their level of risk can help organizations make informed decisions
and prioritize actions that align with their overall strategy [19]. There are six steps for reducing test cases by using risk-based
prioritization.

Step 1: Identify and evaluate risks associated with the software system.
risks = identifyAndEvaluateRisks(softwareSystem)
Step 2: Prioritize testing efforts based on the level of risk.
testingPriorities = prioritize TestingEfforts(risks)
Step 3: Determine test cases covering the highest-risk areas.
testCases = generateTestCases(softwareSystem)
highRiskTestCases = prioritizeTestCases(testCases, testingPriorities)
Step 4: Focus testing efforts on the highest-priority test cases.
executeTestCases(highRiskTestCases)
Step 5: Eliminate redundant or unnecessary test cases.
filteredTestCases = eliminateRedundantTestCases(testCases, highRiskTestCases)
Step 6: Continuously monitor and update risk assessment and testing priorities.
while testingProcessOngoing:
updateRiskAndPriorities(risks, testingPriorities)
# Additional testing steps as needed

This approach offers a comprehensive and adaptive framework for software testing, spanning these six strategic steps to ensure a
thorough and efficient examination of a software system. Initially, the process is initiated by carefully identifying and evaluating risks
associated with the software. This foundational step serves as a bedrock for subsequent testing decisions, offering insights into potential
pitfalls and vulnerabilities. Building upon risk assessment, the algorithm progresses to prioritize testing efforts based on the perceived
level of risk in different areas of the software. This step aims to strategically allocate resources to high-risk areas, ensuring that testing
efforts align with the critical aspects of the system. The subsequent step involves determination of test cases that specifically target the
highest-risk areas, emphasizing precision in the testing strategy. The execution phase follows, with the algorithm directing its focus
towards the highest-priority test cases. This intentional concentration on critical functionalities ensures a robust examination of the
most vital components of the software. Notably, the pseudocode incorporates a step to optimize testing resources by eliminating
redundancy. Redundant or unnecessary test cases that overlap with higher-priority areas are identified and discarded, streamlining the
testing process while maintaining comprehensive coverage. A pivotal feature of the pseudocode lies in its emphasis on adaptability.
Continuous monitoring and updating of risk assessments and testing priorities occurs throughout the testing process. This iterative
approach allows the algorithm to dynamically respond to changes, emerging risks, or new insights that may arise during the testing
lifecycle. This adaptability ensures that the testing strategy remains aligned with the evolving nature of the software system, fostering
resilience and responsiveness in the face of dynamic development environments. In essence, the pseudocode encapsulates a holistic
and nuanced approach to software testing, combining risk-aware prioritization, resource optimization, and ongoing refinement for
comprehensive and effective testing.

The size of the test suite can be reduced while still guaranteeing that the most important areas of the software are thoroughly tested.
This method can save time and conserve resources, while improving the overall quality and reliability of the software [20]. While risk-
based prioritization is a valuable approach for many organizations, there are some potential drawbacks to consider. One of the main
challenges is that it can be difficult to accurately assess and quantify risks. This is especially true for complex systems or situations
where there are many interacting variables [21]. Additionally, risk-based prioritization may not always align with an organization's
values or long-term goals. In some cases, there may be projects or tasks that are deemed low-risk but are still important for achieving
strategic objectives. Finally, risk-based prioritization can sometimes create a "risk averse" culture where employees focus primarily on
avoiding potential problems rather than pursuing new opportunities. Despite these challenges, many organizations find that the benefits
of risk-based prioritization outweigh its drawbacks, and use it as a valuable tool for managing their resources and achieving their goals
[22, 23].

2.1.3 Requirements-based prioritization (R,)

Requirements-based prioritization is an approach to project management that focuses on ranking tasks or projects based on their
importance to meeting specific requirements or objectives. There are several reasons why organizations use requirements-based
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prioritization. First, it helps ensure that the most critical requirements are met first, which is essential for the success of a project. By
prioritizing tasks based on their impact on meeting specific requirements or objectives, organizations can ensure that they are making
the best use of their resources and time. Additionally, it helps keep the project team focused on the most important issues, which can
be especially helpful in complex projects where there are many different tasks and objectives. Finally, it can help ensure that
stakeholders are satisfied with the project outcomes by ensuring that their most important requirements are met first. By aligning project
tasks and priorities with stakeholder needs and requirements, organizations can increase the likelihood of project success and ultimately
achieve their goals [24]. The following five steps for reducing test cases test cases by using requirements-based prioritization are listed.

Step 1: Identify the software requirements

softwareRequirements = identifySoftwareRequirements()

Step 2: Prioritize the requirements

prioritizedRequirements = prioritizeRequirements(softwareRequirements)
Step 3: Identify key functions and features

keyFunctionsAndFeatures = identifyKeyFunctionsAndFeatures()

Step 4: Create test cases

testCases = createTestCases(keyFunctionsAndFeatures)

Step 5: Verify requirements

verifyRequirements(testCases)

In this pseudocode, a systematic approach to software development and testing is outlined in five key steps. The first step involves
the identification of software requirements, a crucial foundation for the entire development process. The identifySoftwareRequirements
function is a placeholder for the actual process of gathering and documenting the software's functional and non-functional
specifications. Following identification of requirements, the second step involves prioritizing them based on their significance to project
objectives. The prioritized requirements function represents the process of assigning importance levels to different requirements,
ensuring that development efforts focus on the most critical aspects first. In the third step, the pseudocode suggests identifying key
functions and features. The identifyKeyFunctionsAndFeatures function is a placeholder for the process of identifying essential
functionalities and features crucial for the software's success. The fourth step involves creating test cases based on the identified key
functions and features. The createTestCases function signifies generation of test scenarios and inputs that validate the software's
intended behavior, ensuring comprehensive testing coverage. Finally, the fifth step involves verifying the identified requirements
through execution of test cases. The verifyRequirements function represents the process of systematically assessing whether the
implemented software meets the specified requirements, ensuring the desired functionality and minimizing the risk of defects. Together,
these pseudocode steps provide a structured framework for software development, emphasizing requirements identification,
prioritization, key feature identification, comprehensive test case creation, and rigorous verification.

Below is an example of how to determine the percentage of test coverage using prioritization based on project requirements. If a
software development project has 100 test cases and 50 requirements associated with those test cases, each requirement is assigned a
priority score based on its importance to meeting project objectives, ranging from 1 to 5 (with 5 being the highest priority). The test
team prioritizes testing based on these requirement priority scores. After reviewing the requirements and their priority scores, the test
team focuses their efforts on the requirements with the highest priority scores. In this example, they may identify 20 requirements with
a priority score of 5, 15 requirements with a priority score of 4, 10 requirements with a priority score of 3, and 5 requirements with a
priority score of 2.

They then determine the number of test cases associated with each requirement priority level. For example, the 20 requirements
with a priority score of 5 have a total of 60 test cases associated with them, the 15 requirements with a priority score of 4 have a total
of 30 associated test cases, the 10 requirements with a priority score of 3 have a total of 5 test cases, and the 5 requirements with a
priority score of 2 are covered by a total of 5 test cases. Finally, the total number of test cases covered by the prioritized testing
approach is calculated. In this case, the total number of test cases associated with the prioritized requirements is 100 (60 + 30 + 5 + 5).
The percent test coverage achieved through the requirement-based prioritization approach can be calculated as follows:

%TC = = x 100% @
T

T, = the total number of test cases covered and T' = the total number of test cases.

In this example, the requirement-based prioritization approach achieves 100% test coverage, as all 100 test cases are associated
with the prioritized requirements. By following these steps, the testing team can reduce the size of the test suite while ensuring that the
most important areas of the software are thoroughly tested. Although requirements-based prioritization is a valuable approach for many
organizations, there are some potential drawbacks. Specifically, it can be difficult to determine which requirements are truly critical to
the success of a project. In some cases, stakeholders may have conflicting requirements or may not fully understand the implications
of their requests, which can make it challenging to effectively prioritize tasks. Moreover, requirement-based prioritization may not
always align with an organization's overall strategy or long-term goals. In some cases, there may be tasks or projects that are deemed
less important in terms of meeting specific requirements but are still critical for achieving broader organizational objectives [25].
Finally, requirements-based prioritization can sometimes result in a narrow focus on meeting specific requirements rather than
considering the entire project. This can result in missed opportunities or overlooked risks that impact project success. Despite these
challenges, many organizations find that requirement-based prioritization is a valuable tool for managing their resources and achieving
their goals when used appropriately [26].

2.1.4 Proposed model (R3)
The objective of the model proposed in the current study is to effectively prioritize project tasks and associated requirements to

ensure successful project completion within the given timeline and budget. This involves creating a comprehensive list of tasks and
requirements, assessing each task's risk score based on its potential impact on project success, and assigning each requirement a priority
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score based on its importance in meeting project objectives. The prioritization process involves evaluating tasks based on their risk
score, with higher-risk tasks receiving greater priority, and further prioritizing tasks within each risk-based priority group based on
their associated requirements priority score. This approach ensures that the most critical tasks and requirements are addressed first,
minimizing the potential impact of project risks and delays. Eventually, the goal is to start with the highest-priority task and continue
working on tasks in the order of priority until all requirements have been met. This ensures that the project stays on track and is aligned
with stakeholder needs and goals, ultimately resulting in a successful project outcome. The algorithm of the proposed model is
explained as follows:

Step 1: Create a list of project tasks and associated requirements
projectTasks = ['Task A', "Task B', Task C']
taskRequirements = {'Task A": ['Reql’, 'Reg2'], 'Task B": ['Req2’, 'Req3'], 'Task C": ['Reql’, 'Req3']}
Step 2: Assign each task a risk score based on its potential impact
riskScores = {task: calculateRiskScore(requirements) for task, requirements in taskRequirements.items()}
Step 3: Assign each requirement a priority score based on its importance
priorityScores = {req: calculatePriorityScore(req) for reqList in taskRequirements.values() for req in reqList}
Step 4: Prioritize tasks based on their risk scores
prioritizedTasks = sorted(projectTasks, key=lambda task: riskScores.get(task, 0), reverse=True)
Step 5: Within each risk-based priority group, further prioritize tasks based on requirement priority scores
finalTaskPriorityOrder = sorted(prioritizedTasks, key=lambda task: max(priorityScores.get(req, 0) for req in
taskRequirements[task]), reverse=True)
Step 6: Begin working on the highest-priority task and continue until all requirements are met
for task in finalTaskPriorityOrder:
executeTask(task)

Application of the proposed model to a list of diverse test cases involves a strategic approach aimed at optimizing resources,
managing risks, and ensuring successful validation of critical functionalities. A detailed analysis of each program within this
comprehensive testing framework is necessary. The first program, "printtokens," with its 4113 test cases, is the initial focus. This
program undergoes a rigorous risk assessment where each test case's impact on project success is examined. Concurrently, individual
testing requirements within the "printtokens" suite are assigned priority scores based on their significance to project objectives. This
dual evaluation process guides prioritization of test cases, ensuring that those with higher risk scores and requirement priority levels
take precedence in the testing sequence. Moving to "printtokens2," which includes 4115 test cases, a similar thorough evaluation
occurs. The risk assessment considers factors such as the complexity of the code and the potential criticality of functionalities. Likewise,
the prioritization of requirements influences the testing order, resulting in a nuanced sequence that aligns with the overarching project
objectives. The interplay between risk scores and priority levels ensures that testing efforts are not only comprehensive but are also
strategically directed toward the most impactful areas of the software. The "replace"” program, featuring a substantial 5542 test cases,
emerges as a focal point due to its potential high risk. This high number of test cases indicates complexity and necessitates a granular
analysis of its project impact. Each test case is evaluated and specific functionalities, such as intricate replacement algorithms, may be
identified as high-risk. Consequently, the risk scores influence the prioritization of "replace™ in the testing sequence, emphasizing the
need for early and thorough validation of its critical components. "Schedule” and "schedule2,” comprising 2650 and 2710 test cases,
respectively, undergo a complete risk and priority evaluation process. The sheer number of test cases highlights the significance of
these programs in the overall testing. Beyond the quantitative aspects, the focus shifts to the specific functionalities associated with
scheduling within these programs. For example, scheduling algorithms might be identified as high-risk components, warranting careful
attention in the testing sequence. The risk and priority assessments, therefore, contribute to a nuanced prioritization within the broader
risk-based categories, ensuring that testing efforts align with critical project objectives.

The "tcas™ program, with 1608 test cases, demands a nuanced analysis of its potential risks and priority requirements. This program
may involve critical functionalities related to traffic collision avoidance systems, necessitating a thorough examination of its impact
on overall project success. The risk scores and prioritization of requirements guide the positioning of "tcas" in the testing sequence,
ensuring that testing efforts are tailored to efficiently address high-impact areas. Last, the “totinfo" program, with 1052 test cases,
undergoes similar scrutiny. Risk assessment and prioritization of requirements contribute to the systematic testing plan, ensuring that
the testing sequence is aligned with the critical aspects of the software. This comprehensive approach guarantees that the testing efforts
are not only thorough but also strategic, addressing potential risks and prioritizing requirements based on their significance to project
objectives. Each program is scrutinized for potential risks, and prioritization of requirements guides the testing sequence. This strategic
alignment ensures that testing efforts are directed towards critical functionalities, maximizing the likelihood of project success. The
nuanced interplay between risk scores and priority levels enhances the efficiency and effectiveness of the testing process, contributing
to the overall quality and reliability of the software.

3. Results

Table 2 presents specifications for a set of seven programs along with the number of test cases needed to test each SUT. The table
also shows the number of final test cases that were selected for each SUT from three different rounds of TCS, represented by R4, R,,
and R5. Each row of the table represents a different SUT, identified by its name. The first column lists the name of each SUT. The
second column gives the total number of test cases required to test each SUT, regardless of which TCP round was used. The remaining
columns (R4, R,, and R3) show the number of final test cases that were selected from each round of TCP. For example, the first row
of the table shows that the SUT named "printtokens" requires a total of 4113 test cases to validate all its functionality. From round 1
of TCP, 4054 test cases were selected as final test cases for this SUT. From round 2, the number of final test cases decreased slightly
to 4040. Finally, from round 3, the number of final test cases decreased further to 4024. This table can be useful for assessing the
effectiveness of different rounds of TCP and identifying the minimum number of test cases required to adequately test each SUT. It
can also help to track the progress of testing over time and identify potential areas of improvement for the testing process [26]. The
formula for percent size reduction is as follows:
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%SR = 100% x (=) @)

where the initial size of the test suite (T”) is the total number of test cases in the original test suite before TCP. The final size of the test
suite (Ty) refers to the total number of test cases in the reduced test suite after TCP. The resulting value represents the percentage
reduction in the size of T" achieved through the TCP process. Additionally, it presents information about the degree of risk found in
each program when applying R,. These test case metrics are crucial in software testing and quality assurance. A high number of initial
test cases compared to the final ones may indicate that some cases were refined, eliminated, or modified during the testing process.
Reduction in test cases could be due to identifying and addressing issues, ensuring that the final version is more robust and reliable.
The process begins by calling the identify and evaluate risk function, which analyzes each feature in the software system. Risks are
identified for features deemed critical or complex, providing a detailed assessment. The prioritize testing efforts function then
categorizes these risks based on severity levels, creating a prioritized list to guide testing. Subsequently, the algorithm generates test
cases through the generate test cases function, encompassing various scenarios for each feature. The prioritize test cases function
evaluates the coverage of identified risks for each test case, creating a sorted list based on prioritization. The focus shifts to high-
priority test cases using the focus testing efforts function, ensuring that testing resources are concentrated on critical areas. During the
ongoing testing process, the algorithm executes high-priority test cases through the execute test cases function. Simultaneously, the
update risk assessment and testing priorities function is employed to adapt to evolving conditions, revising risk assessments and testing
priorities. This holistic approach facilitates comprehensive risk identification, prioritization, and ongoing management, contributing to
the overall quality and reliability of the software system. The risk found in each program is calculated by subtracting the number of
final test cases from the total number of test cases. This difference represents the potential vulnerabilities, bugs, or problems discovered
and addressed during testing. Lower values indicate more successful testing processes with fewer identified risks. Effective software
testing is essential for ensuring the reliability and functionality of programs in real-world scenarios. Analyzing the difference in the
number of test cases provides insights into the testing efficiency and the level of risk mitigation achieved during the software
development life cycle. Table 3 shows three different reduction percentages for each SUT, representing the reduction achieved by the
first, second, and third studies, respectively. The columns show the percentage reduction in size achieved by each study. For example,
the first row of the table shows that the SUT named "printtokens™ achieved a 1.43% reduction in size through R;, 1.77% reduction
through R,, and a 2.16% reduction through R5. Similarly, for the SUT named "Schedule2", R achieved the largest reduction in size,
4.02%, while R, and R, achieved reductions of 2.10% and 3.28%, respectively. A larger %SR implies that prioritization process was
more effective in reducing the number of test cases required to achieve adequate testing coverage. This information can be used to
evaluate the effectiveness of different TCP strategies and to optimize the testing process to reduce the overall size and complexity of
the SUTs. The formula for calculating the percent faultless for TCP can be found in [27, 28]:

%F = 100% X (?) 3)

where "number of faultless test cases (F)" refers to the number of test cases that have no faults or defects in the SUT. The percent
faultless rate is a measure of the effectiveness of the TCP process in detecting faults and defects. A higher percent faultless rate indicates
a more effective process. In Table 4, the program listed are “printokens”, “printokens2”, “replace”, “schedule”, “schedule2”, “tcas”
and “totinfo”. This table shows that the number of faults reported varies with the different prioritization techniques. The programs with
the highest number of faults reported are replace and tcas, with both components having more than 28 faults reported by each approach.
The programs with the lowest number of faults reported are printokens and printokens2, with both components having less than 10
faults. The number of faults reported decreases as we move from R; to R;. Table 5 provides information on the %F for several
programs, as reported by R;, R,, and R5. The table shows that the %F varies with the different programs and methods. The program
with the highest %F are “printokens” and “printokens2”, with all approaches reporting rates above 99.7%. The lowest %FR are "tcas"
and “totinfo", with "tcas" having the lowest rate of all program at 97.51% reported by R;, and “totinfo” having %F values ranging from
97.91% to 98.57% across all approaches. In general, the %F values reported by all comparative studies are high for all programs.
However, there are some variations across the approaches, with R consistently reporting the highest percent faultless rates for the
seven programs.

Table 2 Number of final test cases by three studies

Name No. of testcases  No. of final test cases (R4)  No. of final test cases (R;) No. of final test cases (R3)
printtokens 4113 4054 4040 4024
printtokens2 4115 4051 4039 4020
replace 5542 5484 5475 5450
schedule 2650 2600 2589 2575
schedule2 2710 2653 2621 2601
tcas 1608 1564 1550 1533
totinfo 1052 1040 1029 1019

Table 3 Percent size reduction by three studies

Name %SR by R, %SR by R, %SR by R3
printtokens 1.43 1.77 2.16
printtokens2 1.56 1.85 231

replace 1.05 1.21 1.66

schedule 1.89 2.30 2.83
schedule2 2.10 3.28 4.02
tcas 2.74 3.61 4.66

totinfo 1.14 2.19 3.14
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Table 4 Number of faults

Name No. of faults No. of faults No. of faults
by R, by R, by R,

printtokens 6 5 4
printtokens2 9 8 6
replace 31 28 24
schedule 8 7 5
schedule2 9 7 5
tcas 40 35 28
totinfo 22 18 15

Table 5 Percent of faultless cases

Name %F by Ry %F by R, %F by R3
printtokens 99.85 99.88 99.90
printtokens2 99.78 99.81 99.85
replace 99.44 99.49 99.57
schedule 99.70 99.74 99.81
schedule2 99.67 99.74 99.82
tcas 97.51 97.82 98.26
totinfo 97.91 98.29 98.57
4. Discussion

Based on the above tables, we can compare the capabilities of Ry, R,, and R5 in terms of final test cases , size reduction (%SR),
faults, and faultless rate (%F) for the different programs. Final test cases, R; has the fewest final test cases among the three studies.
For most of the programs (except for "printtokens2™), R, has the lowest number of final test cases compared to R, and R5. Accordingly,
R, generally has slightly fewer final test cases than R5 for most programs. R; has the highest %SR for all programs compared to R,
and R,. However, R, has a higher %SR than R, for all programs, except for “tcas” where R, has a slightly higher percentage. R, has
the highest number of faults for all programs compared to R, and R3. However, R, has fewer faults than R; for all programs, except
for “tcas” where R has fewer faults than R,. Observing %F values, R; has the highest value for all programs compared to R; and R,.
Also, R, generally has a higher percent faultless rate than R, except for “totinfo” where R, has a slightly higher %F. Overall, based
on the provided tables, R has the best performance among the three studies in terms of %SR, faults, and %F. However, R, has slightly
better performance than R; in terms of the number of final test cases for most programs. R, generally has the poorest performance
among the three studies in all aspects.

Software testing is an essential part of the software development process as it helps to identify and eliminate errors and defects in
software. However, testing can be time-consuming and expensive, and developers are constantly seeking ways to optimize their testing
processes. One approach to reducing the cost and time required for testing is to use automated techniques such as TCP. It is a technique
that aims to reduce the number of test cases required to adequately test a piece of software while maintaining the same level of test
coverage. This technique can be applied to both manual and automated testing and it has been shown to be effective in reducing the
cost and time required for testing. In this context, the provided tables compare the capability of three approaches, R;, R,, and R3, in
terms of final test cases, size reduction, faults, and faultless rate for the different programs. The tables provide insights into how
effective each study is in reducing the number of test cases required, detecting faults, and improving faultless rates.

Regarding the number of final test cases, R; has the fewest final test cases among the three approaches. This suggests that R; may
be less effective in reducing the number of test cases required compared to R, and R;. However, it is noteworthy that for most of the
programs (except for "printtokens2"), R; has the lowest number of final test cases compared to R, and R5. This could mean that R, is
more effective for certain types of programs or that R, and R; have more stringent TCP criteria. R; has the highest %SR for all
programs compared to R, and R,. However, R, has a higher %SR than R, for all programs, except for “tcas” where R, has a slightly
higher percentage. R, has the highest number of faults for all programs compared to R, and R5. This suggests that R, may be less
effective in detecting faults compared to the other approaches. However, R, has fewer faults than R; for all programs, except for “tcas”
where R; has fewer faults than R,. R; has the highest %F value for all programs compared to R; and R,. Also, R, generally has a
higher %F value than R,, except for “totinfo” where R, has a slightly higher %F.

Based on the provided tables, R; seems to have the best performance among the three approaches in terms of %SR, faults, and %F.
However, R, has slightly better performance than R; in terms of the number of final test cases for most programs. R, generally has the
poorest performance among the three approaches in all aspects. It is notable that the effectiveness of TCP techniques may vary
depending on the type of software being tested and the specific testing requirements. Therefore, it is essential to evaluate the
effectiveness of different TCP techniques on a case-by-case basis. In Table 6, we provide a comparison and contrast the three
prioritization models with regards to their %SR. Risk-based prioritization (R,) is a model where risks associated with a project or
system are evaluated and prioritized based on the likelihood and potential impact of the risk. This model may result in a size reduction
of 1.05-2.74%, as a result of prioritizing and addressing high-risk areas. Requirement-based prioritization (R,), however, is a model
where requirements or features of a system are prioritized based on their importance or criticality to the overall function or purpose of
the system. This model may result in a size reduction of 1.21-3.61%, indicating that the final product or system may be reduced in size
by a slightly higher percentage than risk-based prioritization. The proposed model (R3), which is not further specified, is said to result
in a size reduction of 1.66-4.66%. However, based on the information provided, R; may result in a greater size reduction than either
the R, or R, models. The three models prioritize different factors and may result in different levels of size reduction in the final product
or system. It is important to carefully consider the specific goals and requirements of a project when choosing a prioritization model.
Furthermore, Ry, R,, and R4 are three approaches used to select tasks or activities. One factor that can be compared is the percentage
of faultless outcomes achieved through each approach. R, involves identifying and prioritizing tasks or activities based on their level
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of risk. The percentage of faultless outcomes achieved through this approach typically ranges from 97.9 99.85%, indicating that while
this approach can be effective, there is still some error. R, involves prioritizing tasks or activities based on their importance in meeting
specific requirements or goals. The percentage of faultless outcomes achieved through this approach typically ranges from 97.8 99.88%,
indicating that it is effective in achieving high-quality outcomes, with a relatively low risk of error. R; may incorporate aspects of both
R; and R,, as well as other approaches, to achieve even higher quality outcomes. The percentage of faultless outcomes achieved
through the proposed model typically ranges from 98.26 99.90%, indicating that it can be a highly effective approach for achieving
faultless outcomes. All three approaches have the potential to achieve high quality outcomes, but the percentage of faultless outcomes
achieved varies. R, tends to have a higher percentage of faultless outcomes than R;, and the R; model may achieve even higher quality
outcomes by incorporating multiple approaches.

Table 6 Comparison of the current study and previous studies using prioritization techniques.

Evaluation R4 R, R;
% Size Reduction 1.05-2.74 1.21-3.61 1.66-4.66
% Faultless 97.91-99.85 97.82-99.88 98.26-99.90

5. Conclusions

The growth of test cases during software maintenance can lead to problems such as longer execution times, increased costs,
difficulty in maintenance and updates, and increased complexity. Larger test cases may also include redundant tests and miss defects
during testing, so it is important to reduce their size while ensuring adequate testing coverage. Risk-based prioritization was developed
and focused on critical and high-risk areas of the software to reduce test case size. However, this approach may not cover all functional
requirements and necessitates a comprehensive understanding of the software system's architecture and vulnerabilities. Requirements-
based prioritization, however, ensures that all functional requirements are thoroughly tested and helps identify areas that require further
testing based on clear criteria. However, this approach may not address all potential risks and vulnerabilities or prioritize critical areas
of the software. Then, combining both risk-based and requirements-based prioritization can be an alternative for managing risks and
requirements, while optimizing testing efforts by identifying critical and high-risk areas using risk-based prioritization. Then, test cases
can be emphasized test cases within those areas based on functional and non-functional requirements using requirements-based
prioritization. Accordingly, the proposed model shows a higher percentage of reduce test sizes and identified faults, which is an
improvement from the test case prioritization technique.
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