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 ʝƄʳʯʴʸƃا  

       ŕƎʽƆŷ يʻʰُى   Ɠʱƅا  řʽŬŕŬالأ ʜʽة  ʛؗƅا اŕʽʳƈʛʰƅت   ʛȄʨʢś ŕʽţة  دورة   Ɠž  ʦʽʺʸʱƅا  řƆţʛƈ  Ȉʲʺś

  řʽƅآ  ʦʽʽƂś أدوات  ŕʽŻب  أنّ   ʛʽŻ  .ƓƆʰƂʱʶʺƅا  ʛȄʨʢʱƅوا  řƊŕʽʸƆƅ  ƌʱʽƆŗŕƁو واʛƂʱŬاره  اŕʤʻƅم  ŕʳƊح 

ŕʢʢʵʺƅت    řƂʽƁدȆʻ اUML Class Diagrams  řȄʨʽʻʰƅ(  ا اʨʽŸƅب   ʦƄاʛś إƅى   ȑدʕي  (

  ʙʽƂŸś  ʙايʜś  Ŷƈم. وŕʤʻƅا  řʽƁʨŝʨ  ȈƆƂȄلاح وŰالإ řſƆؔś  Ŷžʛي  ŕʺƈ ʛŦōʱƈة،   Ȉţاʛƈ  Ɠž ŕƎžŕʷʱƄوا

  ʦʽʺʸʱƅدة اʨŠ سŕʽƁ ىƆŷ درŕƁ ƓƆʺŷ رŕʡى إƅإ ř ّɹ Ɔƈ řŠŕʴƅا Ţʰʸś ،řʲيʙʴƅا řʽʳƈʛʰƅا řʺʤƊالأ

ƓŷʨŲʨƈ ȈȞʷǼ، وʙŰȂار ʕƈشʛات ؗʺřʽ دʛž ʦŷʙś řƂʽƁق اƓž ʛȄʨʢʱƅ اŕʵśذ ʛƁارات ʛȞʰƈ řʽʻƂśة  

.řƅŕŸّžو  

اʨʳſƅة Ŧ ʧƈلال ʛȄʨʢś أداة        ، وƓƍ أداة ŕŠCDQC Toolءت ʚƍه اʙƅراʚƍ řʳƅŕŸʺƅ řŬه 

  ʙʺʱŸǽ .řʴŲوا řʽʺʽʺʸś ʛʽيŕŸƈو řʽʺؗ ʝʽيŕƂƈ Șžو ŕًʽƅآ ŕƎʺʽʽƂśو řʯſƅت اŕʢʢʵƈ ȈʽƆʴʱƅ řʽؗذ

اʛʱƂʺƅح    şƎʻƅاج  اʛʵʱŬى اƆŷ  تŕƁلاŷو وŕʽƆʺŷت  اŕʯž ʧƈ řȄʨʽʻʰƅت وŕʺŬت   ʛŰŕʻŸƅا  ŶʽʺŠ  ʧƈ

ʙŸǼ ذŕŸśُ ʥƅد řŻŕʽŰ اŕƊŕʽʰƅت اʟœŕʸŦ ƌʳʱƈ ʙʽƅʨʱƅ řŠʛʵʱʶʺƅ شŕſƆƈXML    Ȉؗ Ȉʲʺǽُ Ȉƈŕت  

ȆʻŰ  ارʙʴƊالا  Ȉʺʷś ƅلإشʛاف   ŶŲŕʵƅا  Ɠƅالآ  ʦƆŸʱƅا ŕʺƊذج   ʧƈ  řŷʨʺʳƈ إƅى   Ȑʚّżǽُ  ʦŝ  ،

الأʛƁب،   اŕʳƅر   řʽ وʨŦارز  ،řʺ اʙƅا اŕƎʳʱʺƅت   řƅآ  ،řʽ اʨʷŸƅا  řǼŕżƅا اʛƂƅار،  شʛʳة   ،ƓʱʶŠʨ ا

  ʗȄʨʸʱƅوا  ʖƆʸƅا ʗȄʨʸʱƅا  ƓʱʽʻƂś إƅى   řًžŕŲإʦŷŕʻƅا    řʽƁʨŝʨƈ ʧʽʶʴśو  Ȇʽʻʸʱƅا  řƁد  ʜȄʜŸʱƅ

 .şœŕʱʻ   ا

  ʧƈ řƊʨّȞƈ تŕƊŕʽŗ řŷʨʺʳƈ ىƆŷ ƓʰȄʛʳʱƅا ʦʽʽƂʱƅا ȑʛŠُ٤٢٠أ    řʻّ̔ŷت    ٣٤ʛƎʣوأ .řʽʺʽʺʸś řʺŬ

  řƁد  ȘƂţ  ʖƆʸƅا ʗȄʨʸʱƅا ʨʺƊذج  اʛſƅدřǽ   ٪٩٤٬٦٤اşœŕʱʻƅ أن  اŕʺʻƅذج   řƁد  ʗţاوʛś  ʧʽţ Ɠž

  ʧʽŗ٩٢٬٨٦  ٪٨٩٬٢٩٪  .  ŕƎƂƂţ ȑʚƅوا  řƁد  ȘƂţ ʙƂž ʧʽƆƅا ʗȄʨʸʱƅالأداة  ٪٩٢٬٨٦ا ʙƅʨś ŕʺؗ .

  ȘƆŸʱś  řʽƆʽʸſś ʕƈ ʦǽʙƂśشʛات   Ŷƈ řʯž Ȉؗ (ʙʽŠة/ʙʽŠ ʛʽŻة)   řƅŕţ  ʧّ̔ʰُś  řƈʙƂʱƈ  řʽƆʽƆʴ  ʛȄرŕƂś

  řǽŕʺʴ تŕʺʶƅا  ) اŢʱſƅ/الإŻلاق  ʙʰʺǼأ  الاʜʱƅام   Ȑʙƈو ŕʽŰʨśت OCPواŕʽƆʺŸƅت   ʖƊŕŠ إƅى   ،(

  ʧƈ  řƂţلاƅا  Ȉţاʛʺƅا  Ɠž اʨʽŸƅب  ʨƎʣر   řʽƅŕʺʱţا  ȈʽƆƂśو  ʦʽʺʸʱƅا  ʧʽʶʴʱƅ  ʚʽſʻʱƆƅ  řƆŗŕƁ  řʽƆʺŷ

.ʛȄʨʢʱƅا  

ʙƁ ʙʽƂŸʱرة الأداة Ɔŷى   أʗʱʰŝ دراŕŬت اƆŷ řƅŕʴƅى ŕʷƈرřţʨʱſƈ ŶȄ اʙʸʺƅر ŕȄʨʱʶʺǼت ʧƈ řſƆʱʵƈ ا

ʦʽʽƂś ʛʽžʨś دȘʽƁ وƓŷʨŲʨƈ، وʙŰȂار řǽʚżś راʨž řŸŠرȈƎّʶś řȄ اŕʷʱƄف اʨʽŸƅب اʛȞʰƈ řȄʨʽʻʰƅاً،  

  ʦƆŸʱƅت اŕʽʻƂś şƈد řʽƆŷŕž  şœŕʱʻƅزت اʛŗأ ŕʺؗ .ŕًƂţلا ŕƎţلاŰى إƆŷ řʰśʛʱʺƅا Ȇʽƅŕؔ ȈƆƂǽ ا  ŕʺƈ



 

 

Ɔŷى    ʦœŕƂƅا  ȑʨʽʻʰƅا  ȈʽƆʴʱ ا  Ŷƈ  ƓƅالآXML    ʦʽʺʸʱƅا ʨŠدة   ʧʽʶʴś  ʦŷʙś  řƆƈŕؔʱƈ  řʽʳƎʻʺؗ

 .řƂʽƁد řʽʺؗ تŕƊŕʽŗ ىƆŷ řʽʻʰƈ اراتʛƁ ذŕʵ   وʛž Ţʻʺśق اʛȄʨʢʱƅ وřƁʨŝʨƈ řƆʽŬ لا

Ɔŷى    ʙʺʱŸǽ اŕʽʳƈʛʰƅت   řŬʙʻƍ ŕʳƈ Ɠžل  ʙŠيʙاً  ʨʤʻƈراً   řŬراʙƅا ʙƂśم   ،řʺƍŕʶʺƅا ʚƍه  Ŧ ʧƈلال 

 ŶžʛȄو  ،řʽʳƈʛʰƅا  ʦʤʻƅا ʨŠدة  ʜŸǽز   ŕƈ  ،řʽؗʚƅا واŕʽʻƂʱƅت  ŕʢʢʵʺƆƅت   Ɠƅالآ  ȈʽƆʴʱƅا  ʧʽŗ  şƈʙƅا

ŕʳƊح    Ɠž  ʦƎʶś  řʽƆʺŷ أداة   ʛȄʨʢʱ ا ʛžق   ŢʻʺȄو  ،ƓƆʰƂʱʶʺƅا  ʛȄʨʢʱƅوا  řƊŕʽʸƅا Ɔŷى   ŕƎśرʙƁ

.ȈȄʨʢƅا Ȑʙʺƅى اƆŷ řʽʳƈʛʰƅا ŶȄرŕʷʺƅا  
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Abstract 
 

The design phase in the software development life cycle represents the 

cornerstone 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.


