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Abstract:

Software defect prediction is crucial for enhancing system quality and reducing long-term
maintenance costs. Early identification of fault-prone software modules allows development
teams to optimize testing efforts and improve post-release stability. Despite the potential of
machine learning, existing models often face challenges, including performance instability
across datasets, excessive feature noise, and the separation of feature selection from ensemble
learning. To address these gaps, this study proposes an intelligent framework that integrates
hybrid feature selection with a weighted ensemble mechanism. The hybrid feature selection
approach combines correlation-based filtering with Recursive Feature Elimination (RFE) to
reduce dimensionality and eliminate irrelevant features. Subsequently, the framework employs
a weighted ensemble model based on F1-scores, which dynamically assigns weights to base
learners—Random Forest, Support Vector Machine, and Gradient Boosting—to enhance
predictive stability. Experimental results across five benchmark datasets (PC1, JM1, KCI1,
MW1, and CM1) demonstrate that the proposed framework consistently achieves superior
predictive performance and stability compared to individual base learners. Statistical
validation using the Wilcoxon signed-rank test confirms the significance of the improvements,
particularly for larger datasets. By effectively balancing data quality through hybrid feature
selection and leveraging diverse learner strengths, this framework provides a robust and
practical solution for proactive software quality assurance.
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| Raw Software Data |
[ 1.DataPreprocessing |

- Handle missing values
- Normalize features
- Apply SMOTE

H«

2. Hybrid Feature Selection

- Correlation Filtering
= Recursive Feature Elimination (RFE)

3. Base Learner Construction

< Random Forest (RF)
= Support Vector, Machine (SVM)
- Gradient Boosting (GB)

l 4. Weighted Ensemble Integration __

= Compute weights from F1-scores
= Weighted voting of base learners

4

5. Performance Evaluation &

Statistical Validation —

= Metrics: F1, MCC, AUC, etc.
= Wilcoxon Signed-Rank Test
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o D ={(x;,y;)}i= be the defect dataset
« X; € R™represents the feature vector
o y; € {0,1}indicates defect label
Feature Selection Phase
Let:
F = {f., f2,---, fm}be the original feature set
o F. C Fbe the subset selected via correlation filtering
F. € F_be the subset selected via RFE

el Aipngll < pall e pana
F h="RankAggregation"(F_c,F r)
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1 el i) aladinls duaa V) Ciliviat RankAggregation gess Cua
Score(fj) = a- CorrRank(f;) + (1 — a) - RFERank(f})

Where:
e 0<a<l1
o In experiments, @ = 0.5for balanced contribution
Base Learners
Let:
C = {C1, (3, G5}

Where:
o (;=Random Forest
o C,= Support Vector Machine
o (3= Gradient Boosting
Each classifier produces a prediction:
P, (x) € {0,1}

e all Cy gaall) A0
(@8Il F1 Aa 0 e 2l Caiiae JSI (55 panads &
F1,
Wy = =———
i1 F 1

Final prediction:

3
1 >
Pfinal(x) — {1 if zk:1Wk Pk(X) >0

0 otherwise

Where threshold 8 = 0.5

da yidal) 4o ) ) sallaes) 3l 5 44l 3.8
Algorithm 1: Hybrid Ensemble-Based Defect Prediction
Input: Dataset D

Output: Final prediction model M
1: Preprocess D

- Handle missing values

- Normalize features

- Apply SMOTE

2: Apply Correlation Filtering
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F ¢ <« Remove highly correlated features
3: Apply Recursive Feature Elimination

F r « Select top-ranked features
4: Perform Rank Aggregation

F h « Combine F_c and F_r rankings
5: Train Base Learners using F_h

Train RF — Model C1

Train SVM — Model C2

Train GB — Model C3
6: Compute validation F1-score for each classifier

F1 1,F1 2,F1 3
7: Compute weights
w k=F1 k/ZFI
8: For each test instance x:

Compute weighted vote

IfXw k*P k(x)>0.5

Predict Defective
Else
Predict Non-Defective
9: Return Final Model M
ol dlaey) 4
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