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 Artificial intelligence (AI) contributes towards improving software 

engineering quality; however, existing AI models are witnessed to deploy 

learning-based approaches without addressing various complexities 

associated with datasets. A literature review showcases an unequilbrium 

between addressing the accuracy and computational burden. Therefore, the 

proposed manuscript presents a novel AI-based ensemble learning model 

that is capable of performing an effective prediction of software quality. The 

presented scheme adopts correlation-based and multicollinearity-based 

attributes to select essential feature selection. At the same time, the scheme 

also introduces a hybrid learning approach integrated with a bio-inspired 

algorithm for constructing the ensemble learning scheme. The quantified 

outcome of the proposed study showcases 65% minimized defect density, 

94% minimized mean time to failure, 62% minimized processing time of the 

algorithm, and 43% enhanced predictive accuracy. 
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1. INTRODUCTION  

Software quality is one of the essential agendas that assist in ensuring the success of an overall 

business, better maintainability, and practical system reliability. It positively influences user satisfaction in 

software engineering [1]. When software is designed in adherence to higher quality standards, it can offer a 

positive user experience that results in higher retention of users and higher satisfaction [2]. The better design 

quality of software always ensures higher reliability by reducing unexpected failures, reducing downtime and 

ensuring better continuity in business processes [3]. A well-structured software code can offer optimal cost 

reduction with more straightforward maintainability [4]. Apart from this, a well-designed software product is 

also less susceptible to security vulnerabilities. Thereby it can protect sensitive data and resist lethal threats 

[5]. However, accomplishing a better software quality standard is often encountered with various challenges. 

With increasing competition towards yielding the optimal form of product design, the software design system 

is transforming into a more complex problem where it is quite challenging to ensure optimal quality across 

all its interactions and components [6]. Changing requirements is another challenge that leads to a more 

significant problem if not identified on proper product development time [7]. A limited set of time for 

development is another issue that leads to overlooked software defects that potentially affect design quality 

[8]. Another significant challenge is associated with resource limitations that involve skilled personnel, 

budget, and time [9]. It was also noted that when software demands integration with a different platform or 

system, compatibility issues surface that potentially affect reliability and performance simultaneously [10]. 

https://creativecommons.org/licenses/by-sa/4.0/
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Finally, extensive demand for validation and testing tools and methodologies is sometimes resource-intensive 

and time-consuming [11]. 

One effective way to address all the challenges mentioned above is to adopt a preemptive approach 

where artificial intelligence (AI) significantly enhances software quality. With automated testing, generating 

test cases, executing them, and performing deeper analysis is possible [12]. The test outcomes can be used for 

training using a machine learning algorithm, thereby assisting in pattern identification and prediction of 

potential failures and enhancing testing coverage [13]. Another contribution of AI is to analyze the code 

quality that can identify potential errors, followed by recommending enhancements that can assist the 

developers in developing cleaner and maintainable code [14]. AI algorithms can analyze code changes, user 

feedback, and system behaviour to identify and prioritize bugs. By automatically triaging and assigning bugs, 

AI streamlines the bug resolution process, reducing the time to detect and fix defects. AI-driven predictive 

analytics can anticipate software failures by analyzing historical data, system logs, and performance metrics. 

This proactive approach enables organizations to address issues before they impact users, improving system 

reliability and uptime. AI can automate parts of the software development process by generating code 

snippets, templates, or even entire modules based on high-level specifications or design patterns. This 

accelerates development and reduces the likelihood of errors introduced during manual coding. AI algorithms 

can optimize software performance by analyzing usage patterns, resource consumption, and system 

configurations. By dynamically adjusting parameters and configurations, AI systems can maximize 

efficiency, scalability, and responsiveness. However, there are challenges in effective AI implementation 

towards software quality improvement [15], [16]. i) AI models trained on biased or incomplete datasets may 

produce biased predictions, leading to unfair outcomes. Ensuring fairness and mitigating bias in software 

quality prediction models requires careful data collection, preprocessing, and model training techniques,  

ii) extracting relevant features from software artefacts for input into AI models requires domain expertise and 

careful consideration of feature selection techniques. Inadequate feature representation can lead to 

suboptimal performance and predictive accuracy, and iii) AI models trained on specific datasets or contexts 

may struggle to generalize to new or unseen scenarios. Ensuring the robustness and generalizability of 

software quality prediction models across different projects, domains, and environments remains a significant 

challenge. 

The related work in this perspective of AI-based methods has been reviewed to include varied 

approaches and techniques addressing enhancing software quality. The work conducted by Cheng et al. [17] 

used machine learning to investigate the supportability of tools targeting increasing reliability in validation 

techniques. Saklamaeva and Pavlič [18] have also investigated AI-based approaches, focusing on software 

development in agile methodologies. The study showcases the better scope of AI-based methods, providing 

its inherent issues can be addressed. Kokol [19] have presented a work where the significance of research on 

software quality is increasing with more advancement of data mining and fault prediction using machine 

learning. AI methodology has also been investigated concerning pharmaceutical research design, as reported 

in the work of González et al. [20]. The study by Siebert et al. [21] discussed a framework for software 

quality models using machine learning. The work presented by Stocco et al. [22] discussed the impact of 

machine learning and deep learning that can facilitate automated testing programs to address software 

security threats. Cho et al. [23] have developed a unique maturity framework using AI to increase the degree 

of reliability of software processes where statistical analysis is carried out considering multiple real-time 

software projects. The discussion presented by Boukhlif et al. [24] has disclosed that natural language 

processing and neural networks are frequently adopted approaches for predictive assessment in software 

testing. Overall, the authors concluded the beneficial scope of using AI in software testing. The discussion 

reported by Barenkamp et al. [25] has reported a similar aspect of the enhanced scope of AI towards multiple 

operations in software development, from discovering the pattern to increasing the computational speed. The 

prime limitation of review is adoption of sophisticated AI-approaches focusing mainly on local perspective of 

software issues without much consideration of global issues. Another significant issue is related to low 

computational efficiency being recorded. 

The proposed system, therefore, contributes to a novel form of simplified predictive AI-based model 

towards optimization of the degree of software quality. The novel value added to the proposed study is as 

follows: i) introduces a simplified scheme to identify the issues followed by improving the large dataset 

associated with software quality assessment, ii) a novel and simplified empirical scheme is presented towards 

leveraging the preliminary suitability and usage of complex dataset towards next-level of analytical 

operation, iii) a simple correlated-based selection method of an essential feature has been presented towards 

simplifying the complex relationship among the variables in the dataset, and iv) a novel ensembled based AI 

approach has been used that uses both supervised and unsupervised learning methodologies to carry out 

predictive analysis of software quality. The following section discusses the research methodology 

implemented towards accomplishing the above-stated study contribution. 
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2. METHOD 

The proposed system's core purpose is to harness AI's potential to increase the quality score of 

software development. For this purpose, the proposed system develops a unique dataset motivated by the 

existing standard dataset [26] that is frequently used for investigating software quality concerning the score 

of defects. The prime agenda of the proposed analytical study model is to reduce the cost of testing the 

software quality along with the retention of an optimal score of accuracy while deploying AI. From the 

perspective of AI, the existing literature finds that existing AI has mainly used learning-based approaches for 

predicting the score of software quality; however, various degrees of fluctuations and inconsistencies are 

associated with it. Hence, the proposed scheme implements different variants of learning approaches where 

only selective attributes and categorization operations are carried out to accomplish optimal accuracy scores. 

The process flow of the proposed study model is shown in Figure 1. 

 

 

 
 

Figure 1. Process flow of proposed study 

 

 

According to Figure 1, the proposed scheme investigates different forms of learning-based 

approaches in AI on publicly available datasets with the sole intention of optimizing the accuracy of the 

dataset in contrast to existing studies. The proposed system uses a clustering approach to group the class 

labels and then subject the extracted attributes to classification approaches. The scheme also uses a  

nature-inspired algorithm to optimize the internal operation of learning-based methodologies. Standard 

performance parameters associated with accuracies are adopted to testify to the study model's effectiveness. 

Following is the sequence of operations being carried out in the proposed model towards accomplishing the 

study objectives: 

‒ Preprocessing data: the primary task in the proposed study is to transform the dataset before subjecting it 

to the learning operation to accomplish a standard format. It was noted that there is a significant gap 

between the columnar values within the dataset concerning varied standard metrics. This significant 

difference leads to abnormally higher statistical scores regarding standard deviation. This is sorted out by 

using a standard scaling mechanism, which can make the dataset much more standardized in contrast to 

what it was in its original form. The empirical expression of such scale α is represented as (1). 

 

𝛼 =
𝐴1

𝐴2
 (1) 

 

In (1), the computation of scale α for standardization is represented as the A1 and A2 variables. The 

variable A1 is a representation of the difference between observation σ and the mean value of samples of 

training data μ, i.e., A1= (σ- μ), while the second variable A2 represents standard deviation associated with 

samples of training γ, i.e., A2= γ. 

‒ Selection of feature: the prime purpose of this module is to minimize the cardinality of features associated 

with performing training and validation operations in a predictive model. The proposed scheme uses a 

multicollinearity and correlation approach for determining the significance of undertaken features once 

the dataset is ready to be processed. The proposed scheme considers that if one feature is directly 

proportional to another, then it states two features to possess a positive correlation score. However, if one 

feature is inversely proportional to another, it states two features to possess a negative correlation score. 
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On the other hand, if one feature value doesn't affect the feature value of another, the proposed scheme 

considers it to have a zero-correlation score. To simplify the analysis, the proposed scheme considers only 

the initial m number of n attributes (n<<m) where such selected m attributes are either negatively or zero 

correlated without the presence of any class labels. This selection process of features assists in 

significantly controlling the overfitting issues and minimizing the operation cost involved in optimizing 

the performance of the proposed study model. The proposed scheme adopts the hybrid learning approach 

in AI where unsupervised and supervised learning approaches are used for categorizing and classification, 

respectively towards optimizing the software quality prediction. Following is further information about its 

implementation. 

‒ Categorization: the proposed study model uses the k-means clustering (KMC) approach to study class 

labels to choose the cardinality of clusters optimally. The empirical form of the k score of clusters is as (2): 

 

𝛿 = ∑ 𝜏2𝑛
𝑖=1  (2) 

 

The above empirical expression (2) represents δ, i.e., the sum of squares presents in one cluster out of k 

clusters represented by τ, i.e., the distance between the data point and respective centroid in the k number 

of clusters. 

‒ Classification: the proposed scheme uses a supervised learning method for the data characterized by the 

class label as the output. Further, the scheme classifies the data into 70% and 30% of the training and 

testing data, respectively. The data with class labels are considered for training while data without any 

class labels are used for testing. Further, the scheme uses multiple classifiers to conduct classification 

analysis in the form of ensemble classifiers. The scheme uses random forest (RF), naïve Bayes (NB), and 

support vector machine (SVM), where the RF and SVM are considered as candidate predictive models. In 

contrast, NB is considered a baseline predictive model for performing classification. 

The prime justification behind adopting the RF approach is that it acts as an integrated learning 

method that integrates varied forms of classifiers for optimizing the predictive outcome. Multiple decision 

trees can be deployed to the data subset followed by extracting its mean value to arrive at the final value of 

predictive performance. The scheme uses a 950 tree structure along with 50 arbitrary states for implementing 

this classifier. The scheme uses the NB algorithm known for its categorization capabilities and classification. 

This approach computes all the likelihoods and then estimates probabilities that don't favour the likelihoods. 
The approach works suitably in the presence of no connection among the essential features of the dataset. 

The scheme considers 40 as a state of arbitrariness. Finally, the proposed scheme uses SVM, another 

dominant form of supervised learning approach in AI. Considering a restricted dataset size, SVM offers 

better performance and reduced processing time. The considered data is classified using a boundary of 

decision by SVM where each involved class are classified. The system accomplishes an optimal hyperplane 

in the presence of the highest degree of margins generated from all the classes. A similar value of 40 is 

considered a state of arbitrariness in SVM implementation. 

It is to be noted that the proposed AI method uses an ensemble form of predictive approach and not 

an integrated form of predictive approach. It will mean that the proposed scheme has considered one learning 

model NB as the baseline predictive model while other models RF and SVM act as candidate predictive 

models. The proposed scheme implements this AI approach using a stacking classification-based 

methodology. At the same time, a value of 40 is also maintained to implement this ensemble predictive 

model with respect to its value of state of its arbitrariness. The standard performance parameters associated 

with the accuracy-based attributes are considered for the assessment. The following section elaborates on the 

outcome after implementing this scheme of predicting software quality. 

 

 

3. RESULTS 

This section discusses the outcome of the proposed study illustrated in the prior section. The 

implementation of the proposed study has been carried out considering the standard CM1 dataset that 

consists of 22 properties with 499 modules with 449 defect free instances, 49 defective instances, and written 

in C language. A closer look into this dataset shows approximately a 10% defect rate. From the perspective 

of metrics, this dataset consists of Halstead and Mccabe metrics, which are numerical data and method-level 

attributes. This dataset is subjected to preprocessing, selecting essential features, and performing an 

ensembled AI-based learning approach with respect to categorization and classification. The proposed system 

model is scripted using Python, considering a normal windows machine. The proposed system is 
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benchmarking by comparing it with an existing standalone approach of learning algorithms, viz. NB, SVM, 

RF, KMC. It is also compared with standalone bio-inspired approaches viz: particle swarm optimization 

(PSO) and ant colony optimization (ACO). The assessment concerns defect density, mean time-to-failure 

(MTTF), accuracy, and algorithm processing time. 

 

3.1.  Accomplished outcome 

The primary performance metric evaluated in the outcome assessment process is defect density, 

which is compuated as total number of defects in each code line. It can also be analyzed from the functional 

points. A practical design of software will always anticipate for lower number of defect densities. To offer 

clear and understandable inference, the defect density score is transformed to probability values for better 

quantification of outcomes. The simulated outcome of the proposed system with an existing AI-based other 

standalone learning approaches and bio-inspired approaches are shown in Figure 2. 

 

 

 
 

Figure 2. Comparative analysis of defect density 

 

 

The outcome shown in Figure 2 showcases that the proposed system prop offers approximately 65% 

of the reduced score of defect density in contrast to the existing system. Some of the interesting findings can 

be withdrawn from this outcome. A closer look into the outcome shows that the NB approach, which acts as 

a baseline model in the proposed system, performs much better than the standalone NB approach. A similar 

trend is also seen for conventional standalone SVM and RF approaches, also used in ensemble form in the 

proposed system. It can also be seen that KMC usage as a standalone approach offers more defects in 

contrast to its integrated usage in the proposed scheme. This outcome showcases that the ensemble approach 

of AI used in the proposed system offers better reduction of defect density performance in contrast to 

conventional AI-based standalone approaches. Apart from this, it is noted that using bio-inspired approaches 

integrated into the proposed system has reduced defect density scores compared to standalone PSO and ACO 

algorithms. The second line of analysis shown in Figure 3 is associated with evaluating MTTF, computed as 

mean duration between the software failures represented in the probability score. Further, Figures 3 to 5 

shows that the proposed system offers approximately 94% reduced MTTF, 43% increased accuracy, and 62% 

reduced algorithm processing time in contrast to existing AI-based approaches for enhancing software quality 

prediction. 

 

3.2.  Discussion of results 

The overall result score showcases that the proposed system offers a consistent pattern of outcomes 

compared to existing AI-based approaches. The prime reason behind these outcome patterns and trends 

shown in graphical outcomes can be justified as follows: unlike any conventional studies with AI-based 

software engineering solutions, the proposed system doesn't consider its input dataset as it is subjected to 

learning approaches. Instead, the raw dataset undergoes a series of operations, eliminating its inconsistency 

and enhancing the quality, thereby offering higher data purity. Hence, it offers a significantly low 

computational burden when AI-based methodologies are applied. The proposed scheme presents a novel 

ensemble approach of dual forms after performing the categorization operation using KMC. The first 
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ensemble approach was to consider RF, NB, and SVM, while the second was to integrate all three learning 

approaches with the bio-inspired approach of PSO. This reduces the computational load and increases the 

accuracy, which can be directly stated as the core reason for software quality improvement. 

However, the conventional AI-based approaches in their standalone form were witnessed with sub-

optimal performance scores. When the NB approach is used in the proposed design implementation, it 

effectively offers effectiveness towards better processing of categorical data and higher dimensional data. 

However, when used as a standalone form, it showed under-performance issues in all the evaluation metrics, 

especially in the presence of a higher number of correlated features. Further, standalone NB was proven not 

to offer much assistance towards complex relationships within the data. The second algorithm of SVM, when 

used with the proposed system, showcased its capability to process high-dimensional data, and there are not 

many issues towards overfitting. However, the standalone usage of SVM on the CM1 dataset was witnessed 

with higher processing time. A similar trend was also witnessed for the RF algorithm, which lacked 

interpretability and was encountered with an intermittent slow training process. 

Further, the RF algorithm doesn't perform well in an imbalanced dataset. It is to be noted that the 

KMC algorithm was significantly assistive in the proposed scheme towards categorization with more 

straightforward implementation efficiency for larger datasets, too. The standalone version of KMC was noted 

with higher sensitivity towards initial clusters and demands the acquisition of predefined clusters, which may 

not be suitable for the real-time environment of software design assessment. When used with the proposed 

ensemble approach with AI methods, a bio-inspired approach like PSO was witnessed with more 

straightforward implementation with better consistency. However, the standalone version of PSO and ACO is 

witnessed to offer limited performance in high-dimensional spaces and slower convergence speeds, 

respectively. This results in higher defect density, higher MTTF, lower accuracy, and increased algorithm 

processing time. Hence, the overall outcome suggests the proposed ensemble AI-based approach to offer 

optimal software design quality. 

 

 

  
 

Figure 3. Comparative analysis of mean time to 

failure 

Figure 4. Comparative analysis of accuracy 

 

 

 
 

Figure 5. Comparative analysis of algorithm processing time 
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4. CONCLUSION 

The proposed system has presented a novel ensemble-based AI method towards leveraging the 

predictive performance associated with software quality. The proposed study has deployed learning-based 

approaches that assist towards feature selection while the software quality prediction is carried out by 

clustering. The proposed study model contributes towards the following novel features: i) the proposed 

scheme uses a standard publicly available dataset for software quality that is subjected to empirically 

designed scalar attributes towards performing the preprocessing operation, unlike the existing approach that 

doesn't emphasize much on this step, ii) the proposed scheme also introduced a simplified selection of feature 

considering correlation and multicollinearity attribute that is successfully used for establishing relationship 

among complex attributes of dataset, iii) the proposed scheme uses unsupervised learning approach in AI for 

performing categorization while supervised approach is used towards carrying out predictive performance, 

and iv) proposed study model offers approximately 65% of minimized defect density, 94% of minimized 

MTTF, 62% of minimized processing time of algorithm, and 43% of enhanced predictive accuracy. 

However, the prime limitation of the current work is that it doesn’t address the problem of improving 

software quality where there is a considerable lesser amount of inputs or necessary ground truth information. 

This limitation can be addressed in future direction of work where generative AI modelling can be carried out 

towards generating possible cases of synthesize data. 
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