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=2317| sl ASE PCA et Z2 HME B 2F 7|8t Htsto 7|2 ds2 =5k, GridSearchCv & 8%t
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[8 rows x 591 columns]
= L o 7t M BH =9o =33 AlS Dataset shape after removing 28 columns with >50% missing values: (1567, 564)
— E:rl = Tlgl’ Ch=gaigS] CE:FLE = od o|-02|’ M= Dataset shape after removing 116 columns with a single unique value: (1567, 448)
ey N Dataset shape after deleting 'Time' column: (1567, 447)
Ellol E'I% %‘%OF@ Ol)g %I‘X|% O:Héol'f D'l)LIE'I Ic')' Dataset shape after removing highly collinear features: (1567, 205)
Final dataset shape: (1567, 205)
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----- Step 1: Original Data (Imbalanced) ---——
Model Accuracy TPR FPR F1 Score

0 Decision Tree 0.872611 0.083333 0.062069 0.511208
1 Naive Bayes 0.433121 0.750000 0.593103 0.369136
2 Logistic Regression 0.888535 0.250000 0.058621 0.597539
3 K-NN  0.926752 0.041667 0.000000 0.520929
4 SVM 0.923567 ©.000000 0.000000 0.480132
5 Neural Network ©.914013 0.083333 0.017241 0.541903

Step 1 Average Results:
Accuracy 0.826433
TPR 0.201389
FPR 0.121839
F1 Score 0.503475
dtype: float64
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Step 1: Model Performance (Original Data)
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————— Step 2: SMOTE Applied ————-
Shape after rebalancing training data: (2346, 204)
Model Accuracy TPR FPR F1 Score

0 Decision Tree 0.843949 0.083333 0.093103 0.495127
1 Naive Bayes 0.484076 0.625000 0.527586 0.392345
2 Logistic Regression 0.796178 0.416667 0.172414 0.560224
3 K-NN 0.289809 0.916667 0.762069 0.273533
4 SVM 0.920382 0.041667 0.006897 0.516238
5 Neural Network 0.891720 0.125000 0.044828 0.546088

Step 2 Average Results:
Accuracy 0.704352
TPR 0.368056
FPR 0.267816
F1 Score 0.463926
dtype: float64
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Step 2: Model Performance (After SMOTE)
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Step 3 0| A= SMOTE 2 ZZEl HO|HE 22 <12 11> Step 3: Model performance
I =
PCA & HE3I X3S 50 7H2 SA5HRACE O] S Step 4 OlM= &7 7|8t DA B A5 PCA E
i . o . .
ol EER% L0|=E Z0|1 A HIEES 2 = Z %t Z, GridSearchCV & H-&83tX| 242 HEHO|A
o oL~
UARAL. DEE BIISHCL o] HA M= SAX 7|&0 what
----- Step 3: SMOTE + PCA (Dimensionality Reduction) —--——- So|0|st 15 7 LN E MEHSID , AZEHE pCcAE S8l 2
Shape after rebalancing training data (SMOTE applied): (2346, 204)
X_train shape after PCA: (2346, 50) I E |:s:| = ~ 2 Xx=x&lodr|
Model Accuracy TPR FPR F1 Score 1% 2 8 ZEE FEoIACL
0 Decision Tree 0.828025 0.291667 0.127586 0.554727
1 Naive Bayes 0.802548 0.208333 ©0.148276 0.513689 Step 4: SMOTE + Statistical Feature Selection + PCA (Non GridSearchCV) -----
2 Logistic Regression ©0.726115 0.333333 0.241379 0.496682 Shape after rebalancing training data: (1759, 204)
3 K-NN ©0.859873 0.375000 0.100000 0.606292 Number of selected features: 15
4 SVM 0.907643 0.083333 0.024138  0.536236 ) DecisionM?::; gcgggg [} zsa;;; [} 148;;2 ;1535353
5 Neural Network ©.894904 0.125000 0.041379 0.548909 1 Naive Boyes 0.710191 ©.500008 0.272414 B.515654
2 Logistic Regression 0.812102 0.333333 0.148276 0.553321
Step 3 Average Results: 3 K-NN 0.761146 0.500000 0.217241 0.550324
Accuracy 0.836518 4 SVM 0.875796 ©0.291667 0.075862 0.598162
TPR 0.236111 5 Neural Network ©.894904 0.291667 0.055172 0.620537
FPR 0.113793 Step 4 Average Results:
F1 Score 0.542756 Accuracy  0.809979
dtype: float64 TPR 0.361111
FPR 0.152874
— — F1 Score  0.560872
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<& 14> Step 4: Model performance
OFX| 2} Step 5 O A= GridSearchCV & &8
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————— Step 5: SMOTE + Statistical Feature Selection + PCA (GridSearchCV) —-———
Model Accuracy TPR FPR F1 Score
@ Hybrid Model 0.898089 0.166667 0.041379 0.572789

Best Estimator:
Pipeline(steps=[('feature_selection',
ColumnTransformer(transformers=[('selector', ‘'passthrough’,

['28', '59', '63', '64', '79',

‘103', '121', '122', '129',
'133', '144', '170', '183',
'468', '510'1)1)),
('hpca', HierarchicalPCA()),
('classifier', MLPClassifier(max_iter=1000))])

Best Parameters:
{'classifier': MLPClassifier(max_iter=1000), 'hpca__n_clusters': 15}

Step 5 Average Results:
Accuracy 0.898089
TPR 0.166667
FPR 0.041379
F1 Score 0.572789
dtype: float64
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<72l 16> Step 5: Confusion Matrices
Step 5: Model Performance (Hybrid Model with GridSearchCV)
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LHEFRLCY.
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B 7FSIRALE Accuracy £ 0.7044 2 2 14.8% ot2tst@in,
F1 Score = 0.4639 2 & 7.9% ZASIRALE
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Step 3 (SMOTE + PCA): PCA £ S8l XAt&I2 50 72
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=M, PCA 5! AEH PCA HE MM L& o0/t MR, o|X ME SEAO| M= Mutual Information 2t

S
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MAIZEOIO|E M2| A|A=Dto| S8H2 Sof HE
g2 AFo|M = of2{3t sHAR S Etst7| 2ol SHEOM RHS3tE 0|4 EX| A|ABE Aoitts
ChSoh 22 daks nefg ot QUCh Wato2 EshE 20| QI
AR, SMOTE 2|0 = ADASYN, ACME2 S Ctkst
20 N2| 7|HS SEXMOo2 W BM50| 2Lt o|et Zo|, # A ME3™ & el X o4
Yoot OolE 32 WS =g Zart ot EFX10fl AA HOJE HHz|et XMzt 7| H ol ZEto|
EM, PCA CijAl QEQIAGQL 22 HIMH Xt =& ZotNol F2YS SolstRon, skz Chst O o H
718g M85l F2% HIMHE E4E gtEo=2 T HHY EMH 2F FY oK M, J2|0 HAZE
EESIHM XY FA0HE Wotg DA 4~ QIrt Ne| AA8 75 S F7HHTE Soff oS Hust

&1 231 (Reference)

[1] McCann, M. & Johnston, A. (2008). SECOM [Dataset]. UCI Machine Learning Repository.

[2] Chawla, N. V., Bowyer, K. W., Hall, L. O., & Kegelmeyer, W. P. (2002). SMOTE: synthetic minority over-sampling
technique. Journal of Artificial Intelligence Research, 16, 321-357.

[3] Jolliffe, I. T. (2002). Principal Component Analysis (2nd ed.). Springer.

[4] Breiman, L. (2001). Random forests. Machine Learning, 45(1), 5-32.

[5] He, H., & Garcia, E. A. (2009). Learning from imbalanced data. IEEE Transactions on Knowledge and Data
Engineering, 21(9), 1263-1284.

[6] Van Hulse, J., Khoshgoftaar, T. M., & Napolitano, A. (2007). Experimental perspectives on learning from
imbalanced data. In Proceedings of the 2007 ACM symposium on Applied computing (pp. 984-988).

[7] Blagus, R., & Lusa, L. (2013). SMOTE for high-dimensional class-imbalanced data. BMC Bioinformatics, 14(1),
106.



