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Abstract- Software Defect Prediction [SDP] plays an important role in the active research areas of software 

engineering. A software defect is an error, bug, flaw, fault, malfunction or mistake in software that causes it to 

create a wrong or unexpected outcome. The major risk factors related with a software defect which is not 

detected during the early phase of software development are time, quality, cost, effort and wastage of resources. 

Defects may occur in any phase of software development. Booming software companies focus concentration on 

software quality, particularly during the early phase of the software development. Thus, the key objective of any 

organization is to determine and correct the defects in an early phase of Software Development Life Cycle at 

testing phase by using machine learning algorithms and JM1 dataset. To improve the quality of software, 

machine learning techniques have been applied to build predictions regarding the failure of software components 

by exploiting past data of software components and their defects. This project reviewed the state of art in the 

field of software defect management and prediction, and offered machine learning techniques. 

 

Key words: Software Defect Prediction, JM1 Dataset, Machine Learning, Random Forest, Naive Bayes, Decision 

Tree, Support Vector Machine (SVM), Accuracy, etc. 

 

I. INTRODUCTION  

      In today's rapidly evolving software development landscape, ensuring the quality and reliability of software systems 

is of paramount importance. Software defects, also known as bugs or issues, can lead to significant consequences 

ranging from system malfunctions to security vulnerabilities, resulting in financial losses and damage to reputation. As 

such, the proactive identification and mitigation of software defects have become critical objectives for software 

engineering teams. Traditional approaches to defect detection often rely on manual code reviews, testing, and debugging 

processes, which can be time-consuming, resource-intensive, and prone to human error. In recent years, however, 

advancements in machine learning (ML) and data mining techniques have opened up new avenues for more efficient 

and accurate defect prediction. 

      The project "Software Defect Prediction Using Machine Learning Algorithms" aims to leverage the power of ML 

algorithms to predict and prevent software defects early in the development lifecycle. By analyzing historical data on 

software defects, along with various software metrics and features extracted from code repositories, ML models can be 

trained to identify patterns and indicators that correlate with the likelihood of defects. This project explores the 

application of a variety of ML algorithms, including but not limited to decision trees, random forests, support vector 

machines, neural networks, and ensemble methods, to predict software defects. By comparing and evaluating the 

performance of these algorithms on different datasets and scenarios, we seek to identify the most effective approaches 

for defect prediction in diverse software projects. 

 

II. CONCEPTS AND OVERVIEW OF SOFTWARE DEFECTS 

A. Concept of software defects 

Since analysts often can't distinguish between software defects and programming faults, errors, and failure, this article 

utilizes IEEE 729-1983 (Standard Glossary of Software Engineering Terminology) to characterize defects as, From the 

inside of the product, the defects are mistakes and errors in the maintenance or development of the product item. From 

an external perspective, a defect is the violation or failure of the framework/system to accomplish specific capacities. 

The description of the concepts that are easily mistaken with defects is as follows 

1. Fault: The software doesn't perform according to the client's expectations and runs in an unsuitable internal 

state. We can view it as a defect that can prompt software errors and is regarded as dynamic behavior. 
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2. Failure: It refers to the outputs that the software generates at runtime, which the client doesn't accept. For 

instance, if the execution capacity is lost, and the client's capabilities are not met, the framework can't meet the fixed 

asset's execution necessities. 

3. Error: It is introduced by individuals and changed over into faults under specific conditions. It exists in the 

whole software life cycle, including error information in the software design, data structure, code, requirements analysis, 

and other carriers. 

 

B.   Main research directions of software defects 

1. Software defect management: Defect management mainly refers to the collection, statistics, and useful 

recording of defects. To improve management productivity, engineers have designed many robotized defects 

management devices. At present, the industry's commonly used tools are mainly JIRA dispatched by Atlassian and 

Bugzilla, an open-source bug tracking framework provided by Mozilla. These two tools record the transactions, attributes, 

statistical information of defects, and don't have a more profound investigation and explicit grouping of defects. Defect 

analysis and classification are significant segments of defect management. Therefore, examination and arrangement of 

deformities require further exploration of the data recorded in JIRA and Bugzilla. 

2. Software defect analysis: Software designers regularly use defect analysis to better access programming quality 

and development quality. Software defect analysis is a strategy for characterizing imperfections and mining the reasons 

for defects. The motivation behind software defect analysis is to enable analysts to find, locate, evaluate, and improve 

test efficiency. The defects analysis methods are mostly partitioned into qualitative analysis, quantitative analysis, and 

attribute analysis. Qualitative analysis strategies mostly incorporate Root Cause Analysis (RCA) and Software Fault Tree 

Analysis (SFTA). Attribute analysis is commonly partitioned into single attribute analysis and multi-attribute analysis. 

3. Software defect classification: Software defects are different and complex. A more grouping and 

conglomeration of deficiencies can assist programmers with assessing programming quality, improve analyzers' work 

productivity, and decrease the trouble of analysis. Classification is likewise useful to suggest repair techniques and reuse 

test cases. It can comprehend the distribution of defects as per the classification and analysis results, prevents frequently 

occurring software defects, extraordinarily improve the software development cycle, and in this way, improve the quality 

of software. 

 

III. LITERATURE SURVEY 

"Software Defect Prediction Using Machine Learning Algorithms" is a critical area of research within the domain of 

software engineering, aiming to enhance software quality and reliability by identifying potential defects in software 

systems early in the development lifecycle. A plethora of studies have delved into this topic, employing various machine 

learning techniques to construct predictive models capable of discerning patterns indicative of software defects. One 

prominent approach involves the utilization of historical software metrics, such as code complexity, lines of code, and 

code churn, as features for predictive modeling. Numerous machine learning algorithms have been explored in this 

context, including but not limited to Decision Trees, Random Forests, Support Vector Machines, Neural Networks, and 

Ensemble Methods. These algorithms are adept at handling diverse data types and exhibit varying degrees of 

effectiveness in defect prediction tasks. Additionally, research efforts have focused on feature selection and extraction 

methodologies to enhance model performance and interpretability. 

 Moreover, the incorporation of domain-specific knowledge and contextual information has been instrumental in refining 

defect prediction models, making them more tailored to the characteristics of specific software projects. Despite 

significant advancements, challenges persist in achieving high prediction accuracy and generalizability across different 

software projects and environments. Future research directions may involve the exploration of advanced machine 

learning techniques, such as deep learning, and the integration of novel data sources, such as code repositories and issue 

tracking systems, to further improve the efficacy of defect prediction models and facilitate their practical application in 

real-world software development scenarios. 

 

IV. PROPOSED SYSTEM 

The proposed system for "Software Defect Prediction Using Machine Learning Algorithms" aims to develop a robust 

framework capable of predicting defects in software projects. The system will entail several key components: data 

collection and preprocessing, feature selection, model training, evaluation, and deployment. Initially, historical data on 

software defects will be gathered from various repositories. Preprocessing techniques will be employed to clean and 

transform the data into a suitable format for analysis. Feature selection methodologies will then be applied to identify the 

most relevant variables affecting software defects. Machine learning algorithms, including but not limited to logistic 

regression, decision trees, random forests, and support vector machines, will be trained on the selected features to predict 

the likelihood of defects in future software releases. The system's performance will be evaluated using metrics such as 

accuracy, precision, recall, and F1-score. Finally, the trained model will be deployed into the software development 
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pipeline to provide real-time defect prediction and aid developers in proactively addressing potential issues. Regular 

updates and maintenance will ensure the system's effectiveness and adaptability to evolving software landscapes. 

 

V. SYSTEM ARCHITECTURE 

          A System Architecture is the conceptual model that defines the structure, behavior, and more views of a system. An 

architecture description is a formal description and representation of a system, organized in a way that supports reasoning 

about the structures and behaviors of the system. A System Architecture can consist of system components and the sub-

systems developed, that will work together to implement the overall system. 

 

 
 

• Data Collection The first step involves collecting a dataset which will be used to train the model. The data is 

split into two parts: the training dataset (80%) and the testing dataset (20%). 

• Training the Model The training dataset is used to train the machine learning model. The model learns by 

identifying patterns in the data. 

• Testing The testing dataset is used to assess the performance of the trained model. This is done by applying the 

model to the testing data and evaluating how well it performs. 

• Evaluation Metrics are used to measure the accuracy of the model’s predictions. 

• Model Selection Based on the evaluation results, you can choose the best performing model. 

 

VI. DESIGN METHODOLOGY 

      Design Methodology of this project includes various processes which can be analyzing the raw data or JM1 dataset 

into meaningful data by the following steps 

1.Problem Definition and Scope Identification: Defining the objective of predicting software defects using machine 

learning algorithms is crucial. This involves specifying the types of defects targeted (e.g., bugs, vulnerabilities) and 

determining the scope of the project, including the software systems to be analyzed. 

2.Data Collection and Preparation: There are several datasets available for software defect detection. This research 

used a dataset, namely JM1. The dataset is obtained from the NASA promise dataset repository. TABLE 1 describes 

the dataset in detail. 

              

TABLE 1. CHARACTERISTICS OF THE DATASETS 

Dataset No. of attributes No. of instances % of faulty instances 

JM1 22 10,885 19.35 

 

We performed an in-depth analysis of dataset to understand every feature's effect on the output prediction. It was found 

that many features had a high correlation with others, and this led to a little overfitting. Hence, these features were not 

considered at the time of final training. 
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4.Model Selection: Identify suitable machine learning algorithms for defect prediction tasks. Evaluate various models 

including Decision Trees, Random Forest, Support Vector Machines (SVM), Naive Bayes, and Logistic Regression. 

Consider employing ensemble methods to potentially enhance predictive performance. 

5.Model Training and Evaluation: Split the dataset into training, validation, and testing sets. Train the selected 

machine learning models using the training set and fine-tune hyperparameters through techniques like cross-validation. 

Evaluate model performance using metrics such as accuracy, precision, recall, F1-score, and ROC-AUC on the 

validation set. Validate models on the testing set to assess generalization performance accurately. 

 

VII. RESULTS AND DISCUSSION 

A. Experimental Setup 

The ML model was implemented using the Python programming language. Python is commonly used in predictive 

analytics and data science projects involving both qualitative and quantitative data. The Python packages pandas, numpy, 

seaborn, matplotlib, sklearn and pyswarm were used to build the ML predictor. 

B. Experimental Results 

The results of the experiments on the JM1 dataset using various ML techniques are reported in the form of table. These 

offer a comparison of several techniques. We will assess all findings by comparing all strategies with and without 

optimization to make the notion obvious and understood. TABLE 2 show the evaluation metrics for all ML approaches 

studied without and with optimization, respectively. All analyzed models have the best results but SVM and optimized 

SVM have better performance in both cases than others. Here, the SVM model accurately predicted output class 1 as 1 

so precision is 100%, while one output class 0 is predicted as 1, which is why recall is lesser. Moreover, NB does not 

work well as it works well on the high-dimensional dataset. RF and ensemble have almost the same result because Rf is 

also an ensemble approach that combines the large collection of trees. The RF model achieves a precision of 100% and 

an accuracy of 98.7%. This model also predicts 100% accurately the output class 1 and misses two values in the 0 class. 

 

         OUTPUT                                                         TABLE 2. EVALUATION METRIC OF CLASSIFIERS 

Dataset Evaluation 

Measures 

SVM Naive 

Bayes 

Random 

Forest 

Decision 

Tree 

 Accuracy 99.80 93.80 99.50 97.60 

JM1 Precision 99.70 100 100 99 

 Recall 100 92.90 99.50 97.50 

 F-measure 96 67.30 91.10 84.80 

 

The outcomes of all ML models, as well as the ensemble approach, without optimization. The precision of all algorithms 

is the greatest among the measures, as seen in the graph. This is because all models have predicted the one class as 1. 

The NB model does not perform well in the case of recall and f-measure because it works on a large quantity of data or 

a high-dimensional dataset. The RF model and ensemble model have almost the same results. However, the SVM model 

outclasses in all evaluating metrics. 

 

VIII. CONCLUSION 

               In this paper, ML techniques are utilized with feature selection and K-means clustering techniques for software 

defect prediction. We examined various well-known ML techniques and optimized ML techniques on a freely available 

dataset to improve the accuracy of the dataset in comparison with previous research. The results are also analyzed by 

utilizing ML with the PSO method and ensemble approach. All ML models are trained and tested through Python 

programming language using Google Co Lab. The analysis aimed to improve the accuracy performance of Machine 

Learning Algorithms on the JM1 dataset.   
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