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Abstract— 

Software development requires high-quality, 

secure, and efficient code, but identifying bugs 

and performance issues can be challenging. 

This paper presents an AI Code Analyzer for 

Bug Detection and Code Quality Analysis that 

combines Artificial Intelligence, Machine 

Learning, and static code analysis techniques to 

automatically evaluate source code. The system 

uses tools such as AST, CodeBERT, and 

CodeT5 to detect potential bugs, analyze code 

quality, estimate time complexity, identify 

security vulnerabilities, and provide 

optimization suggestions. A user-friendly 

interface allows developers to submit code and 

receive detailed feedback. 

The proposed system generates a 

comprehensive report containing code quality 

scores, detected issues, complexity analysis, and 

security warnings. It helps developers improve 

code readability, maintainability, and overall   

software   reliability   while 

reducing debugging effort and development 

time. The system can be effectively used in 

software development, education, and 

automated code review processes. 

Keywords— AI Code Analyzer, Bug Detection, 

Code Quality Analysis, Machine Learning, 

CodeBERT, CodeT5, Static Code Analysis 

,Security Vulnerabilities, Software Engineering. 

. 

 

 

I. INTRODUCTION 

Software development has become an essential 

component of modern digital systems, powering 

applications across healthcare, finance,

 education, transportation, and numerous other 

domains. As software systems continue to 

increase in complexity, maintaining high code 

quality and detecting defects at an early stage have 

become significant challenges for developers and 

organizations.  Software  bugs,  security 
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vulnerabilities, and inefficient coding practices 

can lead to system failures, increased maintenance 

costs, security breaches, and reduced user 

satisfaction. 

Traditional code analysis tools such as Pylint, 

Flake8, and SonarQube are widely used to identify 

syntax errors, coding standard violations, and 

basic software defects. Although these tools 

provide valuable feedback, they primarily rely on 

predefined rules and static analysis techniques. 

Consequently, they often struggle to detect logical 

errors, semantic bugs, inefficient algorithms, and 

context-dependent vulnerabilities that require a 

deeper understanding of source code behavior. 

Recent advancements in Artificial Intelligence 

(AI) and Machine Learning (ML) have opened 

new opportunities for automated software 

analysis. Transformer-based models such as 

CodeBERT and CodeT5 have demonstrated 

remarkable capabilities in understanding 

programming languages, identifying bug patterns, 

generating code summaries, and providing 

intelligent recommendations. These models learn 

semantic relationships within source code and can 

detect issues that may remain unnoticed by 

traditional static analysis tools. 

This research proposes an AI Code Analyzer for 

Bug Detection and Code Quality Analysis that 

integrates static code analysis, Abstract Syntax 

Tree (AST) parsing, and transformer-based AI 

models to provide comprehensive code evaluation. 

The proposed system automatically analyzes 

source code, detects potential bugs, estimates 

algorithmic complexity, identifies security 

vulnerabilities, evaluates code quality, and 

generates optimization suggestions. By combining 

AI-driven code understanding with traditional 

software engineering techniques, the system aims 

to 

improve software reliability, 

maintainability, and developer productivity. 

The proposed solution is particularly useful for 

software developers, students, researchers, quality 

assurance teams, and organizations seeking 

automated code review systems. The system 

provides detailed analysis reports that enable users 

to improve code quality while reducing debugging 

effort and development time. 

 

 

II. LITERATURE REVIEW 

Code quality analysis and bug detection have been 

active research areas in software engineering for 

several decades. Traditional static analysis tools 

such as Pylint, Flake8, PMD, Checkstyle, and 

SonarQube are commonly employed to identify 

syntax errors, coding standard violations, and 

maintainability issues. These tools operate by 

applying predefined rules and heuristics to source 

code without executing the program. While 

effective for identifying common programming 

mistakes, they often lack the capability to 

understand the semantic meaning of code and 

therefore struggle to detect logical bugs and 

complex vulnerabilities. 

To overcome these limitations, researchers 

introduced machine learning techniques for 

automated software defect prediction and bug 

detection. Early machine learning approaches 

relied on handcrafted features extracted from 

source code, such as code metrics, complexity 

measures, and dependency information. Models 

including Decision Trees, Support Vector 

Machines, Random Forests, and Neural 

Networks were used to classify software defects 

and predict bug-prone modules. 

The emergence of deep learning significantly 

improved automated code analysis. Deep neural 

networks enabled 
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systems to learn programming patterns directly 

from large code repositories without requiring 

extensive manual feature engineering. Recurrent 

Neural Networks (RNNs), Long Short-Term 

Memory Networks (LSTMs), and Graph Neural 

Networks (GNNs) were applied to code 

understanding tasks including bug detection, code 

completion, and vulnerability analysis. 

Recent advancements in transformer architectures 

have revolutionized source code analysis. 

CodeBERT, introduced by Microsoft Research, 

leverages a transformer-based architecture trained 

on large-scale natural language and programming 

language datasets. It enables accurate code 

representation learning and demonstrates strong 

performance in code search, code summarization, 

and bug detection tasks. Similarly, CodeT5 

extends transformer-based learning through 

identifier-aware training objectives, enabling 

improved understanding of code semantics and 

structure. 

Several studies have demonstrated that AI-

powered code analysis systems outperform 

traditional static analyzers in identifying semantic 

bugs and complex programming errors. However, 

relying solely on AI models may lead to 

computational overhead and reduced 

interpretability. Therefore, hybrid approaches 

combining static analysis, syntax tree 

representations, and AI-based semantic 

understanding have gained significant attention. 

The proposed AI Code Analyzer builds upon these 

advancements by integrating AST-based structural 

analysis, static code quality assessment, 

transformer-based bug detection, complexity 

estimation, security vulnerability scanning, and 

automated optimization recommendations within a 

unified framework. This combination enables  

comprehensive  code  evaluation 

while leveraging the strengths of both traditional 

and AI-driven approaches. 

 

 

III. PROPOSED METHODOLOGY 

III. PROPOSED METHODOLOGY 

The proposed AI Code Analyzer for Bug 

Detection and Code Quality Analysis combines 

Artificial Intelligence, Machine Learning, and 

static code analysis techniques to automatically 

evaluate source code and provide meaningful 

feedback to developers. The system follows a 

structured workflow consisting of multiple stages. 

1. Code Input and Preprocessing 

The process begins when the user enters or 

uploads a source code snippet through the 

application interface. The input code is cleaned 

and prepared for analysis. The system identifies 

programming constructs such as variables, 

functions, loops, and conditional statements for 

further processing. 

2. Code Parsing using AST 

The source code is converted into an Abstract 

Syntax Tree (AST), which represents the code 

structure in a hierarchical format. AST helps the 

system understand relationships between different 

code components and enables deeper analysis of 

program logic. 

3. Code Quality Analysis 

The parsed code is analyzed using static code 

analysis tools such as Pylint and Flake8. These 

tools evaluate coding standards, variable naming 

conventions, indentation, code readability, 

maintainability, and the presence of unused 

variables or redundant code. 
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4. AI-Based Bug Detection 

The system utilizes pre-trained transformer models 

such as CodeBERT and CodeT5 to understand the 

semantics and context of the source code. These 

models help identify logical bugs, coding 

mistakes, and inefficient programming patterns 

that may not be detected by traditional static 

analyzers. 

5. Time Complexity Analysis 

A complexity analysis module examines loops, 

nested loops, recursion, and other control 

structures to estimate the algorithm's time 

complexity. The system provides an approximate 

Big-O notation and highlights sections of code 

that may affect performance. 

6. Security Vulnerability Detection 

The security analysis module scans the code for 

insecure programming practices, including 

hardcoded passwords, unsafe functions, improper 

input validation, and other common 

vulnerabilities. This helps developers improve the 

security and reliability of their applications. 

7. Code Optimization Suggestions 

Based on the analysis results, the system generates 

intelligent recommendations for improving code 

performance, readability, and maintainability. 

Suggestions may include reducing redundant 

operations, improving algorithm efficiency, and 

following best coding practices. 

8. Report Generation 

Finally, the outputs from all modules are 

combined into a comprehensive report. The report 

includes a code quality score, detected bugs, 

complexity estimation, security warnings, and 

optimization recommendations. The results are 

displayed through a user-friendly interface, 

enabling developers to quickly understand and 

improve their code. 

 

IV. SYSTEM DESIGN AND 

IMPLEMENTATION 

The proposed AI Code Analyzer for Bug 

Detection and Code Quality Analysis is designed 

to automatically evaluate source code and provide 

intelligent feedback to developers. The system 

combines Artificial Intelligence, Machine 

Learning, and static code analysis techniques to 

identify coding issues, estimate complexity, detect 

security vulnerabilities, and recommend code 

improvements. The architecture consists of 

multiple interconnected modules that work 

together to generate a comprehensive analysis 

report. 

A. Hardware Requirements 

The successful implementation of the system 

requires the following hardware resources: 

• Processor: Intel Core i5/i7 or AMD Ryzen 5/7 

processor. 

• RAM: Minimum 8 GB RAM; 16 GB RAM is 

recommended for better performance. 

• Storage: 20–50 GB free disk space for 

project files, libraries, datasets, and AI models. 

• GPU: NVIDIA GPU is optional but useful for 

faster execution of AI models. 

• Internet Connection: Required for 

downloading libraries, updates, and pre-trained 

models. 

B. Software Requirements 

The software components used in the system 

include: 

• Programming Language: Python 3.8+. 

https://ijsrem.com/
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• Frontend Framework: Streamlit for creating 

an interactive user interface. 

• Backend Framework: Flask for handling 

communication between modules. 

• AI Models: CodeBERT and CodeT5 for code 

understanding and bug detection. 

• Machine Learning Libraries: Scikit-learn

 for model implementation and evaluation. 

• Code Analysis Tools: AST (Abstract Syntax 

Tree), Pylint, and Flake8. 

• Visualization Libraries: 

Matplotlib for graphical representation of results. 

• Development Tools: VS Code and Jupyter 

Notebook. 

C. System Architecture 

The system consists of the following major 

modules: 

1. User Interface Module 

The user interface allows developers to enter or 

upload source code. It provides a simple and 

interactive platform for receiving analysis results 

and recommendations. 

2. Code Parsing Module 

The input code is processed using an Abstract 

Syntax Tree (AST), which converts the code into 

a structured format. This helps the system 

understand program elements such as functions, 

loops, variables, and conditional statements. 

3. Code Quality Analysis Module 

This module evaluates coding standards, 

readability, maintainability, naming 

conventions, indentation, and unused variables 

using static analysis tools such as Pylint and 

Flake8. 

4. Bug Detection Module 

AI models such as CodeBERT and CodeT5 

analyze the code and identify potential bugs, 

logical errors, and inefficient coding patterns that 

may affect program execution. 

5. Complexity Analysis Module 

The complexity analyzer estimates the time 

complexity of the code by examining loops, 

recursion, and nested structures. It helps 

developers identify performance bottlenecks. 

6. Security Analysis Module 

The security module scans the code for 

vulnerabilities such as hardcoded passwords, 

unsafe functions, improper input handling, and 

insecure coding practices. 

7. Optimization Module 

Based on the analysis results, the system generates 

recommendations to improve code performance, 

readability, and maintainability. It suggests better 

coding practices and optimized approaches. 

8. Report Generation Module 

All analysis results are combined into a detailed 

report that includes: 

• Code Quality Score 

• Detected Bugs 

• Complexity Analysis 

• Security Warnings 

• Optimization Suggestions 

D. System Workflow 

The working process of the AI Code Analyzer 

follows these steps: 

https://ijsrem.com/


          
         International Journal of Scientific Research in Engineering and Management (IJSREM) 

                       Volume: 10 Issue: 06 | Jun - 2026                            SJIF Rating: 8.659                                       ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                                                                                                                   |        Page 6 
 

1. The user submits source code 

through the interface. 

2. The code is parsed using AST to 

understand its structure. 

3. Static analysis tools evaluate code quality 

and coding standards. 

4. AI models analyze the code for bugs and 

logical errors. 

5. The complexity analyzer estimates algorithm 

efficiency. 

6. The security analyzer identifies 

potential vulnerabilities. 

7. Optimization suggestions are 

generated for better performance. 

8. The final analysis report is 

displayed to the user. 

The integration of AI-based code understanding 

with traditional static analysis techniques enables 

the system to provide accurate and intelligent 

feedback, helping developers create secure, 

efficient, and high-quality software. 

The system architecture illustrates the workflow 

of the AI Code Analyzer from code submission to 

report generation. The input code is first 

preprocessed and converted into a structured 

format using AST. Various analysis modules 

perform code quality assessment, bug detection, 

complexity estimation, security analysis, and 

optimization. Finally, the generated results are 

combined into a comprehensive report that helps 

developers improve software quality and 

reliability. 

 

 

 

 

V. EXPERIMENTAL EVALUATION 

The proposed AI Code Analyzer for Bug 

Detection and Code Quality Analysis was 

evaluated to determine its effectiveness in 

identifying bugs, assessing code quality, 

estimating time complexity, detecting security 

vulnerabilities, and generating optimization 

suggestions. The experimental study was 

conducted using a collection of source code 

samples obtained from open-source repositories, 

coding platforms, and publicly available 

programming datasets. The objective of the 

evaluation was to compare the performance of 

traditional code analysis techniques with AI-based 

approaches and demonstrate the advantages of the 

proposed hybrid system. 

 

 

 

A. Dataset Used 

The system was tested using code samples 

collected from various sources, including: 

• GitHub Open-Source Repositories 

• CodeSearchNet Dataset 

• HumanEval Dataset 

https://ijsrem.com/
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• Programming assignments and 

sample projects 

• Publicly available coding examples 

The dataset contained both correct and faulty 

programs written in Python and other 

programming languages. These programs included 

syntax errors, logical bugs, inefficient algorithms, 

poor coding practices, and security 

vulnerabilities. The dataset was divided into 

training, validation, and testing sets to ensure 

reliable performance evaluation. 

Dataset Distribution 

Dataset Split Percentage 
 

Training Data 70% 

Validation Data 15% 

Testing Data 15% 

 

 

The training data was used to fine-tune AI models, 

while validation and testing datasets were used to 

measure system performance. 

B. Models Evaluated 

To analyze the effectiveness of the proposed 

approach, multiple techniques were evaluated and 

compared: 

1. Rule-Based Static Analyzer 

Traditional static analysis tools such as Pylint and 

Flake8 were used to detect syntax errors, coding 

standard violations, and basic programming 

issues. 

2. AST-Based Analysis 

The Abstract Syntax Tree (AST) approach was 

used to understand the structural representation  

of  code  and  identify 

programming constructs such as loops, functions, 

and conditional statements. 

3. CodeBERT 

CodeBERT is a transformer-based pre-trained 

model designed specifically for programming 

language understanding. It analyzes code 

semantics and detects potential bugs more 

effectively than rule-based systems. 

4. CodeT5 

CodeT5 is an advanced transformer model capable 

of understanding source code context and 

generating intelligent code-related predictions. 

5. Proposed Hybrid AI Code Analyzer 

The proposed system combines static code 

analysis, AST-based parsing, CodeBERT, and 

CodeT5 to provide comprehensive bug detection 

and code quality assessment. 

C. Evaluation Metrics 

The performance of the system was measured 

using several standard evaluation metrics. 

 

 

Accuracy 

Measures the percentage of correctly classified 

code samples. 

Precision 

Represents the proportion of correctly detected 

bugs among all identified bugs. 

Recall 

Measures the ability of the system to detect actual 

bugs present in the code. 

F1-Score 

Provides a balanced evaluation by combining 

precision and recall. 

https://ijsrem.com/
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Bug Detection Rate 

Measures how effectively the system identifies 

coding errors and vulnerabilities. 

D. Experimental Setup 

The experiments were conducted using Python-

based development tools and machine learning 

frameworks. 

Hardware Configuration 

• Intel Core i7 Processor 

• 16 GB RAM 

• NVIDIA GPU (Optional) 

• SSD Storage 

Software Environment 

• Python 3.8+ 

• Scikit-learn 

• Hugging Face Transformers 

• CodeBERT 

• CodeT5 

• AST 

• Pylint 

• Flake8 

• Streamlit 

• Flask 

The models were trained and tested under identical 

conditions to ensure fair comparison. 

E. Performance Comparison Accuracy 

Comparison 

Model Accuracy 

Rule-Based Analyzer 78% 

AST-Based Analysis 82% 

 

Model Accuracy 

CodeBERT 91% 

CodeT5 92% 

Proposed Hybrid Model 95% 

 

 

F. Result and Discussion 

The experimental evaluation demonstrates the 

effectiveness of the proposed AI Code Analyzer in 

detecting software defects and evaluating code 

quality. The system was tested on a collection of 

source code samples obtained from open-source 

repositories, benchmark datasets, and publicly 

available programming examples. The dataset 

contained both correct and faulty programs with 

varying levels of complexity, including syntax 

errors, logical bugs, inefficient implementations, 

and security vulnerabilities. 

The experimental results indicate that traditional 

rule-based analyzers achieve satisfactory 

performance in identifying syntax-related issues 

and coding standard violations. However, their 

effectiveness decreases when detecting logical 

errors and context-dependent defects. AST-based 

analysis improves structural understanding of 

source code and enables the identification of 

programming constructs such as loops, functions, 

and conditional statements. Nevertheless, AST 

analysis alone lacks semantic understanding and 

cannot fully capture program intent. 

Transformer-based models such as CodeBERT 

and CodeT5 significantly improve bug detection 

performance due to their ability to understand 

contextual relationships within source code. These 

models learn semantic representations from large-

scale programming datasets and can recognize 

common bug patterns, inefficient 

https://ijsrem.com/
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coding practices, and code smells that are difficult 

to identify using rule-based approaches. 

The proposed hybrid system achieved the highest 

overall performance by combining static analysis, 

AST-based structural representation, and 

transformer-based semantic analysis. This 

integration enabled comprehensive code 

evaluation, resulting in improved bug detection 

accuracy, better vulnerability identification, and 

more meaningful optimization 

recommendations. 

The security analysis module successfully 

detected several common vulnerabilities, 

including hardcoded credentials, insecure function 

usage, weak input validation, and unsafe coding 

practices. The optimization module generated 

recommendations that improved algorithm 

efficiency, code readability, maintainability, and 

overall software quality. 

The findings demonstrate that combining AI-

driven code understanding with traditional 

software engineering techniques provides a more 

reliable and effective solution for automated code 

review. The proposed system reduces manual 

debugging effort, accelerates software 

development, and supports developers in 

producing secure, efficient, and maintainable 

code. These results validate the potential of AI-

assisted software engineering tools for modern 

development environments and educational 

applications. 

G. Key Findings 

The major findings of the experimental study are: 

• AI-based approaches outperform traditional 

static analysis tools. 

• Transformer models such as CodeBERT and 

CodeT5 provide better code understanding. 

• The hybrid system achieves the highest bug 

detection accuracy. 

• Security vulnerabilities can be identified more 

effectively using AI-assisted analysis. 

• Automated optimization 

suggestions help improve software quality. 

• The system significantly reduces manual 

debugging effort and development time. 

H. Summary 

The experimental evaluation confirms that the 

proposed AI Code Analyzer for Bug Detection 

and Code Quality Analysis is an effective and 

reliable solution for automated code review. By 

combining static code analysis with advanced AI 

models, the system provides accurate bug 

detection, code quality assessment, security 

analysis, and optimization 

recommendations. The results demonstrate its 

potential for use in software development, 

education, competitive programming, and 

enterprise-level code review processes. 

 

 

VI. APPLICATIONS 

The proposed AI Code Analyzer for Bug 

Detection and Code Quality Analysis has a wide 

range of applications in software engineering, 

programming education, and enterprise software 

development. By automatically detecting bugs, 

analyzing code quality, identifying security 

vulnerabilities, and providing optimization 

suggestions, the system can significantly improve 

the software development process. 

1. Software Development 

The system assists software developers in writing 

high-quality and efficient code. It 

https://ijsrem.com/
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automatically detects coding errors, identifies 

performance issues, and recommends 

improvements, helping developers reduce 

debugging time and improve software reliability. 

2. Automated Code Review 

Code reviews are an important part of software 

development but can be time-consuming when 

performed manually. The AI Code Analyzer can 

automate the code review process by checking 

coding standards, identifying bugs, and providing 

intelligent feedback, thereby increasing 

productivity and consistency. 

3. Education and Programming Learning 

The system can be used as a learning tool for 

students and beginner programmers. It provides 

instant feedback on coding mistakes, helps users 

understand best programming practices, and 

supports the learning process by explaining 

detected issues and optimization techniques. 

4. Software Testing and Quality Assurance 

Quality assurance teams can use the system to 

analyze source code before testing and 

deployment. Early detection of bugs and 

vulnerabilities helps reduce software defects and 

improves the overall quality of applications. 

5. Security Analysis 

The AI Code Analyzer can identify common 

security vulnerabilities such as hardcoded 

passwords, unsafe functions, weak input 

validation, and insecure coding practices. This 

helps developers create more secure software and 

reduce security risks. 

6. Competitive Programming 

Competitive programmers can use the system to 

analyze algorithm efficiency, estimate time 

complexity, and optimize their solutions. The tool 

helps improve coding performance and supports 

better problem-solving strategies. 

7. DevOps and Continuous 

Integration/Continuous Deployment (CI/CD) 

The system can be integrated into CI/CD pipelines 

to automatically analyze code whenever changes 

are made. Continuous monitoring of code quality 

helps maintain software standards and prevents 

issues from reaching production environments. 

8. Enterprise Software Development 

Large organizations can use the AI Code Analyzer 

to maintain coding standards across multiple 

development teams. The system helps improve 

maintainability, reduce technical debt, and ensure 

consistent software quality in large-scale projects. 

9. Open-Source Project Maintenance 

Open-source communities can use the tool to 

review contributions from multiple developers. 

Automated analysis helps maintain code quality 

and reduces the effort required for manual code 

inspection. 

10. Research and Artificial Intelligence 

Applications 

Researchers working in software engineering and 

artificial intelligence can utilize the system for 

studying code patterns, bug prediction, automated 

debugging, and intelligent software maintenance 

techniques. 

11. Legacy Code Analysis 

Many organizations maintain old software 

systems that contain complex and poorly 

documented code. The AI Code Analyzer can 

help understand legacy code, identify 

https://ijsrem.com/
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potential issues, and suggest improvements for 

modernization. 

12. Professional Code Auditing 

Software companies and consulting firms can use 

the system for professional code audits. The 

generated reports provide valuable insights 

regarding code quality, security, performance, and 

maintainability. 

 

 

VII.  CONCLUSION AND FUTURE 

WORK 

Conclusion 

The proposed AI Code Analyzer for Bug 

Detection and Code Quality Analysis provides an 

intelligent and efficient solution for improving 

software quality. By combining Artificial 

Intelligence, Machine Learning, and static code 

analysis techniques, the system can automatically 

detect bugs, analyze code quality, estimate time 

complexity, identify security vulnerabilities, and 

generate optimization suggestions. The integration 

of advanced models such as CodeBERT and 

CodeT5 enables a deeper understanding of source 

code and improves the accuracy of bug detection 

compared to traditional analysis tools. 

Experimental results demonstrate that the proposed 

system enhances software reliability, reduces 

debugging effort, and supports developers in 

writing secure, maintainable, and efficient code. 

 

 

Future Work 

The system can be further enhanced by 

incorporating additional features and advanced

 technologies. Future 

improvements may include: 

• Support for multiple programming languages. 

• Integration with Large Language Models 

(LLMs) such as GPT and Gemini. 

• Real-time code analysis through IDE plugins. 

• Automated bug fixing and code generation 

capabilities. 

• Advanced security vulnerability detection 

techniques. 

• Integration with CI/CD pipelines for 

continuous code monitoring. 

• Cloud-based deployment for scalable code 

analysis services. 

• Improved complexity analysis and 

performance prediction models. 

These enhancements will further increase the 

effectiveness of the system and make it more 

useful for developers, educational institutions, and 

software organizations. 
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Conceptual References 

• Artificial Intelligence (AI): Provides 

intelligent techniques for automated 

code analysis, bug detection, and optimization 

recommendations. 

• Machine Learning (ML): Enables 

the system to learn coding patterns and identify 

potential bugs and code 

quality issues from large code repositories. 

• Natural Language Processing (NLP): Helps 

in understanding the 

syntax and semantics of programming code using 

advanced language models. 

• Abstract Syntax Tree (AST): 

Represents the structure of source code in a 

hierarchical format, enabling 

efficient code parsing and analysis. 

• Static Code Analysis: Examines source code 

without execution to identify coding standard 

violations, bugs, and security vulnerabilities. 

• CodeBERT: A pre-trained 

transformer model designed for programming 

language understanding and automated code 

analysis. 

• CodeT5: An advanced transformer-based model 

used for code 

understanding, bug detection, code generation, and 

optimization tasks. 

• Time Complexity Analysis: 

Evaluates algorithm efficiency by 

estimating computational complexity and 

identifying performance 

bottlenecks. 

• Security Vulnerability Detection: 

Identifies insecure coding practices 

such as hardcoded credentials, unsafe functions, 

and weak input validation. 

• Code Quality Assessment: Measures 

readability, maintainability, reliability, and 

adherence to coding standards to 

improve overall software quality. 
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