Data Set: https://www.kaggle.com/datasets/mlg-ulb/creditcardfraud 
# ==============================================================
# 🧩 CREDIT CARD FRAUD DETECTION USING ADAPTIVE DEEP LEARNING
# Dataset: https://www.kaggle.com/datasets/mlg-ulb/creditcardfraud
# ==============================================================
# Author: Eng. Buthaina Ahmed Hussain
# ==============================================================
# STEP 1. Setup and Imports
# ==============================================================

import pandas as pd
import numpy as np
from sklearn.model_selection import train_test_split
from sklearn.preprocessing import StandardScaler
from sklearn.metrics import classification_report, confusion_matrix, roc_auc_score, f1_score, precision_score, recall_score
from imblearn.over_sampling import SMOTE
import tensorflow as tf
from tensorflow import keras
from keras import layers
import keras_tuner as kt
import matplotlib.pyplot as plt

# ==============================================================
# STEP 2. Load Dataset
# ==============================================================

# Replace with your path or load directly if on Kaggle
df = pd.read_csv(r"C:\Users\midoceanproject\creditcard\creditcard.csv")

print("✅ Dataset loaded successfully")
print(df.head())
print(f"Shape: {df.shape}")

# ==============================================================
# STEP 3. Preprocessing
# ==============================================================

# Separate features and target
X = df.drop("Class", axis=1)
y = df["Class"]

# Normalize "Amount" and "Time" columns
scaler = StandardScaler()
X["scaled_amount"] = scaler.fit_transform(X["Amount"].values.reshape(-1, 1))
X["scaled_time"] = scaler.fit_transform(X["Time"].values.reshape(-1, 1))
X.drop(["Amount", "Time"], axis=1, inplace=True)

# Split into training and testing sets
X_train, X_test, y_train, y_test = train_test_split(
    X, y, test_size=0.2, random_state=42, stratify=y
)

print(f"Before SMOTE: {y_train.value_counts()}")

# ==============================================================
# STEP 4. Handle Imbalanced Data with SMOTE
# ==============================================================

sm = SMOTE(random_state=42)
X_res, y_res = sm.fit_resample(X_train, y_train)
print(f"After SMOTE: {y_res.value_counts()}")

# ==============================================================
# STEP 5. Define HyperModel for Keras Tuner
# ==============================================================

def build_model(hp):
    model = keras.Sequential()
    model.add(layers.Input(shape=(X_res.shape[1],)))
    
    # Hidden Layers
    for i in range(hp.Int("num_layers", 1, 3)):
        model.add(
            layers.Dense(
                units=hp.Int(f"units_{i}", min_value=32, max_value=256, step=32),
                activation=hp.Choice("activation", ["relu", "tanh"])
            )
        )
        model.add(layers.Dropout(hp.Float(f"dropout_{i}", 0.1, 0.5, step=0.1)))
    
    # Output Layer
    model.add(layers.Dense(1, activation="sigmoid"))

    # Compile
    model.compile(
        optimizer=keras.optimizers.Adam(
            hp.Choice("learning_rate", [1e-2, 1e-3, 1e-4])
        ),
        loss="binary_crossentropy",
        metrics=["accuracy", tf.keras.metrics.AUC(name="auc")]
    )
    return model

# ==============================================================
# STEP 6. Hyperparameter Search
# ==============================================================

tuner = kt.RandomSearch(
    build_model,
    objective="val_auc",
    max_trials=5,
    executions_per_trial=1,
    overwrite=True,
    directory="ktuner_dir",
    project_name="credit_fraud"
)

tuner.search(
    X_res, y_res,
    epochs=10,
    validation_split=0.2,
    batch_size=2048,
    verbose=1
)

best_hps = tuner.get_best_hyperparameters(num_trials=1)[0]
print("✅ Best Hyperparameters:")
for k, v in best_hps.values.items():
    print(f"{k}: {v}")

# ==============================================================
# STEP 7. Train the Best Model
# ==============================================================

best_model = tuner.hypermodel.build(best_hps)
history = best_model.fit(
    X_res, y_res,
    validation_split=0.2,
    epochs=20,
    batch_size=2048,
    verbose=1
)

# ==============================================================
# STEP 8. Evaluation
# ==============================================================

y_pred = (best_model.predict(X_test) > 0.5).astype("int32")

print("\n📊 Evaluation Metrics:")
print(classification_report(y_test, y_pred))
print("ROC-AUC:", roc_auc_score(y_test, y_pred))
print("F1-Score:", f1_score(y_test, y_pred))
print("Precision:", precision_score(y_test, y_pred))
print("Recall:", recall_score(y_test, y_pred))

# ==============================================================
# STEP 9. Plot Training Curves
# ==============================================================

plt.figure(figsize=(8, 4))
plt.plot(history.history['auc'], label='AUC')
plt.plot(history.history['val_auc'], label='Val AUC')
plt.title('Model AUC over Epochs')
plt.xlabel('Epoch')
plt.ylabel('AUC')
plt.legend()
plt.show()

# ==============================================================
# STEP 10. Save the Model
# ==============================================================

best_model.save("best_credit_fraud_model.h5")
print("✅ Model saved successfully!") 
