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Abstract

The design phase in the software development life cycle represents the
comerstone upon which the success, stability, maintainability, and future
scalability of a system are built. However, the lack of precise automated tools
for evaluating UML Class Diagrams often leads to the accumulation of
structural flaws, which are typically discovered at later stages, thereby
increasing the cost of remediation and reducing system reliability. With the
growing complexity of modern software systems, there is an urgent need for a
practical framework capable of objectively assessing design quality, providing
accurate quantitative indicators to support development teams in making early

and effective technical decisions.

This study addresses this gap by developing CDQC Tool, an intelligent system
for automated analysis and evaluation of UML class diagrams based on
quantitative metrics and well-defined design criteria. The proposed approach
extracts all structural elements including classes, attributes, methods, and
relationships—from XML files. These extracted data are then processed to
generate a comprehensive feature vector representing each class, which is
subsequently fed into a suite of supervised machine learning models, including
Logistic Regression, Decision Tree, Random Forest, Support Vector Machine
(SVM), and k-Nearest Neighbor (KNN), in addition to both hard and soft voting

techniques to enhance classification accuracy and improve reliability.

The experimental evaluation was conducted on a dataset comprising 420
samples and 34 design features. Results demonstrated that the hard voting
model achieved an accuracy of 94.64%, while the accuracies of individual
models ranged between 89.29% and 92.86%, with the soft voting model also
achieving 92.86%. Furthermore, the tool generates advanced analytical reports

indicating the status of each class (Good/Not Good), along with detailed metrics



on attribute and method protection levels, adherence to the Open/Closed
Principle (OCP), and actionable recommendations for design improvement and

reducing the likelihood of defects in later development stages.

Case studies on open-source projects with varying levels of complexity
confirmed the tool’s ability to provide precise, objective evaluations and deliver
immediate feedback that facilitates early detection of structural flaws,
significantly reducing remediation costs. The results also highlighted the
effectiveness of integrating machine learning techniques with XML-based
structural analysis as a comprehensive methodology for improving design
quality, equipping development teams with a reliable, data-driven decision-
making tool. Through this contribution, the study offers a novel perspective in
software engineering, emphasizing the synergy between automated diagram
analysis and intelligent techniques, thereby enhancing software system quality,
increasing maintainability and scalability, and providing development teams
with a practical solution that supports the long-term success of software

projects.



