Dataset: (https://www.kaggle.com/datasets/mlg-ulb/creditcardfraud)
# -*- coding: utf-8 -*-
"""Master Project

Automatically generated by Colab.

Original file is located at
    https://colab.research.google.com/drive/1QEem3-p65mQkqwDZBaNkknO10wmugAce
"""

from google.colab import drive
drive.mount('/content/drive')

import pandas as pd

df = pd.read_csv('/content/drive/MyDrive/creditcard.csv')
df.head()

import pandas as pd
from sklearn.preprocessing import StandardScaler
from imblearn.over_sampling import SMOTE
from sklearn.model_selection import train_test_split

# -------------------------------
# 1) Load Data
# -------------------------------
df = pd.read_csv('/content/drive/MyDrive/creditcard.csv')

# -------------------------------
# 2) Check & Remove Missing Values
# -------------------------------
print(df.isnull().sum())

# If any missing values existed, this would remove them:
df = df.dropna()

# -------------------------------
# 3) Normalize continuous variables
# -------------------------------
scaler = StandardScaler()
df["norm_time"] = scaler.fit_transform(df[["Time"]])
df["norm_amount"] = scaler.fit_transform(df[["Amount"]])

# Remove original columns
df = df.drop(["Time", "Amount"], axis=1)

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

# -------------------------------
# 5) Split BEFORE SMOTE (70 / 30)
# -------------------------------
X_train, X_temp, y_train, y_temp = train_test_split(
    X, y, test_size=0.30, random_state=42, stratify=y
)

# Split the remaining 30% into validation & test
X_val, X_test, y_val, y_test = train_test_split(
    X_temp, y_temp, test_size=0.50, random_state=42, stratify=y_temp
)

# -------------------------------
# -------------------------------
# 6) Apply all imbalance methods
# -------------------------------

from imblearn.over_sampling import RandomOverSampler, SMOTE
from imblearn.under_sampling import RandomUnderSampler, TomekLinks

imbalance_methods = {
    "random_oversampling": RandomOverSampler(random_state=42),
    "smote": SMOTE(random_state=42),
    "random_undersampling": RandomUnderSampler(random_state=42),
    "tomek_links": TomekLinks()
}

balanced_datasets = {}

for method_name, method in imbalance_methods.items():
    X_bal, y_bal = method.fit_resample(X_train, y_train)
    balanced_datasets[method_name] = (X_bal, y_bal)

    print("\n============", method_name, "============")
    print(y_bal.value_counts())

balanced_datasets["random_oversampling"]
balanced_datasets["smote"]
balanced_datasets["random_undersampling"]
balanced_datasets["tomek_links"]

from sklearn.model_selection import GridSearchCV
from sklearn.metrics import classification_report
from sklearn.linear_model import LogisticRegression
from sklearn.neighbors import KNeighborsClassifier
from sklearn.tree import DecisionTreeClassifier
from sklearn.ensemble import RandomForestClassifier
from sklearn.naive_bayes import GaussianNB
from xgboost import XGBClassifier

# ============================================
# (1) DEFINE MODELS + GRID SEARCH PARAMETERS
# ============================================

models = {
    "LogisticRegression": (
        LogisticRegression(),
        {"C": [0.1, 1, 10], "max_iter": [500, 1000]}
    ),

    "KNN": (
        KNeighborsClassifier(),
        {"n_neighbors": [3,5,7], "weights": ["uniform", "distance"]}
    ),

    "DecisionTree": (
        DecisionTreeClassifier(),
        {"max_depth": [5, 10, None], "criterion": ["gini", "entropy"]}
    ),

    "RandomForest": (
        RandomForestClassifier(),
        {"n_estimators": [100, 200], "max_depth": [10, None]}
    ),

    "NaiveBayes": (
        GaussianNB(),
        {"var_smoothing": [1e-9, 1e-8, 1e-7]}
    ),

    "XGBoost": (
        XGBClassifier(eval_metric="logloss", use_label_encoder=False),
        {"n_estimators": [100, 200], "learning_rate": [0.01, 0.1], "max_depth": [4, 6]}
    )
}

# ============================================
# (2) LOOP OVER 4 IMBALANCE METHODS × 6 MODELS
# ============================================

results = []   # store best parameters for the whole project

for method_name, (X_bal, y_bal) in balanced_datasets.items():
    print("\n====================================================")
    print(f"⚡ APPLYING IMBALANCE METHOD: {method_name}")
    print("====================================================")

    for model_name, (model, params) in models.items():
        print(f"\n🔵 Training model: {model_name} with {method_name} ...")

        gs = GridSearchCV(
            estimator=model,
            param_grid=params,
            scoring='f1',
            cv=3,
            n_jobs=-1
        )

        gs.fit(X_bal, y_bal)
        y_pred = gs.predict(X_test)

        # print results
        print(f"Best Params → {gs.best_params_}")
        print("\nClassification Report:")
        print(classification_report(y_test, y_pred))

        # save results in list
        results.append({
            "imbalance_method": method_name,
            "model": model_name,
            "best_params": gs.best_params_
        })

# ============================================
# (3) SHOW SUMMARY TABLE
# ============================================
results_df = pd.DataFrame(results)
results_df

from sklearn.model_selection import GridSearchCV
from sklearn.metrics import classification_report
from sklearn.linear_model import LogisticRegression
from sklearn.neighbors import KNeighborsClassifier
from sklearn.tree import DecisionTreeClassifier
from sklearn.ensemble import RandomForestClassifier
from sklearn.naive_bayes import GaussianNB
from xgboost import XGBClassifier

# ============================================
# (1) DEFINE MODELS + GRID SEARCH PARAMETERS
# ============================================

models = {
    "LogisticRegression": (
        LogisticRegression(),
        {"C": [0.1, 1, 10], "max_iter": [500, 1000]}
    ),

    "KNN": (
        KNeighborsClassifier(),
        {"n_neighbors": [3,5,7], "weights": ["uniform", "distance"]}
    ),

    "DecisionTree": (
        DecisionTreeClassifier(),
        {"max_depth": [5, 10, None], "criterion": ["gini", "entropy"]}
    ),

    "RandomForest": (
        RandomForestClassifier(),
        {"n_estimators": [100, 200], "max_depth": [10, None]}
    ),

    "NaiveBayes": (
        GaussianNB(),
        {"var_smoothing": [1e-9, 1e-8, 1e-7]}
    ),

    "XGBoost": (
        XGBClassifier(eval_metric="logloss", use_label_encoder=False),
        {"n_estimators": [100, 200], "learning_rate": [0.01, 0.1], "max_depth": [4, 6]}
    )
}

from imblearn.over_sampling import RandomOverSampler, SMOTE
from imblearn.under_sampling import RandomUnderSampler, TomekLinks

imbalance_methods = {
    "random_oversampling": RandomOverSampler(random_state=42),
    "smote": SMOTE(random_state=42),
    "random_undersampling": RandomUnderSampler(random_state=42),
    "tomek_links": TomekLinks()
}

balanced_datasets = {}

for name, method in imbalance_methods.items():
    X_bal, y_bal = method.fit_resample(X_train, y_train)
    balanced_datasets[name] = (X_bal, y_bal)
    print(f"\n{name} →")
    print(y_bal.value_counts())

# اختاري واحدة فقط كل مرة:
method_to_run = "smote"              # أو "random_oversampling"
# method_to_run = "random_undersampling"
# method_to_run = "tomek_links"

X_bal, y_bal = balanced_datasets[method_to_run]

print(f"\nRunning models on imbalance method: {method_to_run}")

results = []

print("\n====================================================")
print(f"⚡ APPLYING IMBALANCE METHOD: {method_to_run}")
print("====================================================")

for model_name, (model, params) in models.items():
    print(f"\n🔵 Training model: {model_name} ...")

    gs = GridSearchCV(
        estimator=model,
        param_grid=params,
        scoring='f1',
        cv=3,
        n_jobs=-1
    )

    gs.fit(X_bal, y_bal)
    y_pred = gs.predict(X_test)

    print(f"Best Params → {gs.best_params_}")
    print("\nClassification Report:")
    print(classification_report(y_test, y_pred))

    results.append({
        "imbalance_method": method_to_run,
        "model": model_name,
        "best_params": gs.best_params_
    })

# اختاري واحدة فقط كل مرة:
method_to_run = "random_oversampling"
# method_to_run = "random_undersampling"
# method_to_run = "tomek_links"

X_bal, y_bal = balanced_datasets[method_to_run]

print(f"\nRunning models on imbalance method: {method_to_run}")

results = []

print("\n====================================================")
print(f"⚡ APPLYING IMBALANCE METHOD: {method_to_run}")
print("====================================================")

for model_name, (model, params) in models.items():
    print(f"\n🔵 Training model: {model_name} ...")

    gs = GridSearchCV(
        estimator=model,
        param_grid=params,
        scoring='f1',
        cv=3,
        n_jobs=-1
    )

    gs.fit(X_bal, y_bal)
    y_pred = gs.predict(X_test)

    print(f"Best Params → {gs.best_params_}")
    print("\nClassification Report:")
    print(classification_report(y_test, y_pred))

    results.append({
        "imbalance_method": method_to_run,
        "model": model_name,
        "best_params": gs.best_params_
    })

# اختاري واحدة فقط كل مرة:
method_to_run = "random_undersampling"
# method_to_run = "tomek_links"

X_bal, y_bal = balanced_datasets[method_to_run]

print(f"\nRunning models on imbalance method: {method_to_run}")

results = []

print("\n====================================================")
print(f"⚡ APPLYING IMBALANCE METHOD: {method_to_run}")
print("====================================================")

for model_name, (model, params) in models.items():
    print(f"\n🔵 Training model: {model_name} ...")

    gs = GridSearchCV(
        estimator=model,
        param_grid=params,
        scoring='f1',
        cv=3,
        n_jobs=-1
    )

    gs.fit(X_bal, y_bal)
    y_pred = gs.predict(X_test)

    print(f"Best Params → {gs.best_params_}")
    print("\nClassification Report:")
    print(classification_report(y_test, y_pred))

    results.append({
        "imbalance_method": method_to_run,
        "model": model_name,
        "best_params": gs.best_params_
    })

method_to_run = "tomek_links"

X_bal, y_bal = balanced_datasets[method_to_run]

print(f"\nRunning models on imbalance method: {method_to_run}")

results = []

print("\n====================================================")
print(f"⚡ APPLYING IMBALANCE METHOD: {method_to_run}")
print("====================================================")

for model_name, (model, params) in models.items():
    print(f"\n🔵 Training model: {model_name} ...")

    gs = GridSearchCV(
        estimator=model,
        param_grid=params,
        scoring='f1',
        cv=3,
        n_jobs=-1
    )

    gs.fit(X_bal, y_bal)
    y_pred = gs.predict(X_test)

    print(f"Best Params → {gs.best_params_}")
    print("\nClassification Report:")
    print(classification_report(y_test, y_pred))

    results.append({
        "imbalance_method": method_to_run,
        "model": model_name,
        "best_params": gs.best_params_
    })

# ======================================================
# CELL 0 — Choose imbalance method for Deep Learning
# ======================================================

method_to_run = "smote"
# method_to_run = "random_oversampling"
# method_to_run = "random_undersampling"
# method_to_run = "tomek_links"

print("Selected imbalance method:", method_to_run)

# ======================================================
# CELL 1 — Prepare DL Input Data
# ======================================================

import numpy as np

# Load balanced training data
X_train_bal, y_train_bal = balanced_datasets[method_to_run]

# Prepare 3D input for RNN/LSTM
X_train_dl = np.expand_dims(X_train_bal, axis=1)
X_test_dl  = np.expand_dims(X_test.values, axis=1)

print("X_train_dl shape:", X_train_dl.shape)
print("X_test_dl shape:",  X_test_dl.shape)

# Prepare 2D input for DNN
X_train_dnn = X_train_dl.reshape(X_train_dl.shape[0], X_train_dl.shape[2])
X_test_dnn  = X_test_dl.reshape(X_test_dl.shape[0],  X_test_dl.shape[2])

print("X_train_dnn shape:", X_train_dnn.shape)
print("X_test_dnn shape:",  X_test_dnn.shape)

# ======================================================
# CELL 2 — DNN Model
# ======================================================

from keras.models import Sequential
from keras.layers import Dense, Dropout, Input

dnn_model = Sequential([
    Input(shape=(X_train_dnn.shape[1],)),
    Dense(32, activation='relu'),
    Dropout(0.3),
    Dense(16, activation='relu'),
    Dense(1, activation='sigmoid')
])

dnn_model.compile(
    optimizer='adam',
    loss='binary_crossentropy',
    metrics=['accuracy']
)

history_dnn = dnn_model.fit(
    X_train_dnn, y_train_bal,
    epochs=10,
    batch_size=256,
    validation_split=0.1,
    verbose=1
)

print("DNN model training completed.")

# ======================================================
# CELL 3 — RNN Model
# ======================================================

from keras.models import Sequential
from keras.layers import SimpleRNN, Dense, Dropout, Input

rnn_model = Sequential([
    Input(shape=(1, X_train_dl.shape[2])),
    SimpleRNN(32),
    Dropout(0.3),
    Dense(16, activation='relu'),
    Dense(1, activation='sigmoid')
])

rnn_model.compile(
    optimizer='adam',
    loss='binary_crossentropy',
    metrics=['accuracy']
)

history_rnn = rnn_model.fit(
    X_train_dl, y_train_bal,
    epochs=10,
    batch_size=256,
    validation_split=0.1,
    verbose=1
)

print("RNN model training completed.")

# ======================================================
# CELL 4 — LSTM Model
# ======================================================

from keras.models import Sequential
from keras.layers import LSTM, Dense, Dropout, Input

lstm_model = Sequential([
    Input(shape=(1, X_train_dl.shape[2])),
    LSTM(32),
    Dropout(0.3),
    Dense(16, activation='relu'),
    Dense(1, activation='sigmoid')
])

lstm_model.compile(
    optimizer='adam',
    loss='binary_crossentropy',
    metrics=['accuracy']
)

history_lstm = lstm_model.fit(
    X_train_dl, y_train_bal,
    epochs=10,
    batch_size=256,
    validation_split=0.1,
    verbose=1
)

print("LSTM model training completed.")

#======================================================
# CELL 0 — Choose imbalance method for Deep Learning
# ======================================================

method_to_run = "random_oversampling"
# method_to_run = "random_undersampling"
# method_to_run = "tomek_links"

print("Selected imbalance method:", method_to_run)

# ======================================================
# CELL 1 — Prepare DL Input Data
# ======================================================

import numpy as np

# Load balanced training data
X_train_bal, y_train_bal = balanced_datasets[method_to_run]

# Prepare 3D input for RNN/LSTM
X_train_dl = np.expand_dims(X_train_bal, axis=1)
X_test_dl  = np.expand_dims(X_test.values, axis=1)

print("X_train_dl shape:", X_train_dl.shape)
print("X_test_dl shape:",  X_test_dl.shape)

# Prepare 2D input for DNN
X_train_dnn = X_train_dl.reshape(X_train_dl.shape[0], X_train_dl.shape[2])
X_test_dnn  = X_test_dl.reshape(X_test_dl.shape[0],  X_test_dl.shape[2])

print("X_train_dnn shape:", X_train_dnn.shape)
print("X_test_dnn shape:",  X_test_dnn.shape)

# ======================================================
# CELL 2 — DNN Model
# ======================================================

from keras.models import Sequential
from keras.layers import Dense, Dropout, Input

dnn_model = Sequential([
    Input(shape=(X_train_dnn.shape[1],)),
    Dense(32, activation='relu'),
    Dropout(0.3),
    Dense(16, activation='relu'),
    Dense(1, activation='sigmoid')
])

dnn_model.compile(
    optimizer='adam',
    loss='binary_crossentropy',
    metrics=['accuracy']
)

history_dnn = dnn_model.fit(
    X_train_dnn, y_train_bal,
    epochs=10,
    batch_size=256,
    validation_split=0.1,
    verbose=1
)

print("DNN model training completed.")

# ======================================================
# CELL 3 — RNN Model
# ======================================================

from keras.models import Sequential
from keras.layers import SimpleRNN, Dense, Dropout, Input

rnn_model = Sequential([
    Input(shape=(1, X_train_dl.shape[2])),
    SimpleRNN(32),
    Dropout(0.3),
    Dense(16, activation='relu'),
    Dense(1, activation='sigmoid')
])

rnn_model.compile(
    optimizer='adam',
    loss='binary_crossentropy',
    metrics=['accuracy']
)

history_rnn = rnn_model.fit(
    X_train_dl, y_train_bal,
    epochs=10,
    batch_size=256,
    validation_split=0.1,
    verbose=1
)

print("RNN model training completed.")

# ======================================================
# CELL 4 — LSTM Model
# ======================================================

from keras.models import Sequential
from keras.layers import LSTM, Dense, Dropout, Input

lstm_model = Sequential([
    Input(shape=(1, X_train_dl.shape[2])),
    LSTM(32),
    Dropout(0.3),
    Dense(16, activation='relu'),
    Dense(1, activation='sigmoid')
])

lstm_model.compile(
    optimizer='adam',
    loss='binary_crossentropy',
    metrics=['accuracy']
)

history_lstm = lstm_model.fit(
    X_train_dl, y_train_bal,
    epochs=10,
    batch_size=256,
    validation_split=0.1,
    verbose=1
)

print("LSTM model training completed.")

#======================================================
# CELL 0 — Choose imbalance method for Deep Learning
# ======================================================

method_to_run = "random_undersampling"
# method_to_run = "tomek_links"

print("Selected imbalance method:", method_to_run)

# ======================================================
# CELL 1 — Prepare DL Input Data
# ======================================================

import numpy as np

# Load balanced training data
X_train_bal, y_train_bal = balanced_datasets[method_to_run]

# Prepare 3D input for RNN/LSTM
X_train_dl = np.expand_dims(X_train_bal, axis=1)
X_test_dl  = np.expand_dims(X_test.values, axis=1)

print("X_train_dl shape:", X_train_dl.shape)
print("X_test_dl shape:",  X_test_dl.shape)

# Prepare 2D input for DNN
X_train_dnn = X_train_dl.reshape(X_train_dl.shape[0], X_train_dl.shape[2])
X_test_dnn  = X_test_dl.reshape(X_test_dl.shape[0],  X_test_dl.shape[2])

print("X_train_dnn shape:", X_train_dnn.shape)
print("X_test_dnn shape:",  X_test_dnn.shape)

# ======================================================
# CELL 2 — DNN Model
# ======================================================

from keras.models import Sequential
from keras.layers import Dense, Dropout, Input

dnn_model = Sequential([
    Input(shape=(X_train_dnn.shape[1],)),
    Dense(32, activation='relu'),
    Dropout(0.3),
    Dense(16, activation='relu'),
    Dense(1, activation='sigmoid')
])

dnn_model.compile(
    optimizer='adam',
    loss='binary_crossentropy',
    metrics=['accuracy']
)

history_dnn = dnn_model.fit(
    X_train_dnn, y_train_bal,
    epochs=10,
    batch_size=256,
    validation_split=0.1,
    verbose=1
)

print("DNN model training completed.")

# ======================================================
# CELL 3 — RNN Model
# ======================================================

from keras.models import Sequential
from keras.layers import SimpleRNN, Dense, Dropout, Input

rnn_model = Sequential([
    Input(shape=(1, X_train_dl.shape[2])),
    SimpleRNN(32),
    Dropout(0.3),
    Dense(16, activation='relu'),
    Dense(1, activation='sigmoid')
])

rnn_model.compile(
    optimizer='adam',
    loss='binary_crossentropy',
    metrics=['accuracy']
)

history_rnn = rnn_model.fit(
    X_train_dl, y_train_bal,
    epochs=10,
    batch_size=256,
    validation_split=0.1,
    verbose=1
)

print("RNN model training completed.")

# ======================================================
# CELL 4 — LSTM Model
# ======================================================

from keras.models import Sequential
from keras.layers import LSTM, Dense, Dropout, Input

lstm_model = Sequential([
    Input(shape=(1, X_train_dl.shape[2])),
    LSTM(32),
    Dropout(0.3),
    Dense(16, activation='relu'),
    Dense(1, activation='sigmoid')
])

lstm_model.compile(
    optimizer='adam',
    loss='binary_crossentropy',
    metrics=['accuracy']
)

history_lstm = lstm_model.fit(
    X_train_dl, y_train_bal,
    epochs=10,
    batch_size=256,
    validation_split=0.1,
    verbose=1
)

print("LSTM model training completed.")

# ======================================================
# CELL 0 — Choose imbalance method for Deep Learning
# ======================================================

method_to_run = "tomek_links"

print("Selected imbalance method:", method_to_run)

# ======================================================
# CELL 1 — Prepare DL Input Data
# ======================================================

import numpy as np

# Load balanced training data
X_train_bal, y_train_bal = balanced_datasets[method_to_run]

# Prepare 3D input for RNN/LSTM
X_train_dl = np.expand_dims(X_train_bal, axis=1)
X_test_dl  = np.expand_dims(X_test.values, axis=1)

print("X_train_dl shape:", X_train_dl.shape)
print("X_test_dl shape:",  X_test_dl.shape)

# Prepare 2D input for DNN
X_train_dnn = X_train_dl.reshape(X_train_dl.shape[0], X_train_dl.shape[2])
X_test_dnn  = X_test_dl.reshape(X_test_dl.shape[0],  X_test_dl.shape[2])

print("X_train_dnn shape:", X_train_dnn.shape)
print("X_test_dnn shape:",  X_test_dnn.shape)

# ======================================================
# CELL 2 — DNN Model
# ======================================================

from keras.models import Sequential
from keras.layers import Dense, Dropout, Input

dnn_model = Sequential([
    Input(shape=(X_train_dnn.shape[1],)),
    Dense(32, activation='relu'),
    Dropout(0.3),
    Dense(16, activation='relu'),
    Dense(1, activation='sigmoid')
])

dnn_model.compile(
    optimizer='adam',
    loss='binary_crossentropy',
    metrics=['accuracy']
)

history_dnn = dnn_model.fit(
    X_train_dnn, y_train_bal,
    epochs=10,
    batch_size=256,
    validation_split=0.1,
    verbose=1
)

print("DNN model training completed.")

# ======================================================
# CELL 3 — RNN Model
# ======================================================

from keras.models import Sequential
from keras.layers import SimpleRNN, Dense, Dropout, Input

rnn_model = Sequential([
    Input(shape=(1, X_train_dl.shape[2])),
    SimpleRNN(32),
    Dropout(0.3),
    Dense(16, activation='relu'),
    Dense(1, activation='sigmoid')
])

rnn_model.compile(
    optimizer='adam',
    loss='binary_crossentropy',
    metrics=['accuracy']
)

history_rnn = rnn_model.fit(
    X_train_dl, y_train_bal,
    epochs=10,
    batch_size=256,
    validation_split=0.1,
    verbose=1
)

print("RNN model training completed.")

# ======================================================
# CELL 4 — LSTM Model
# ======================================================

from keras.models import Sequential
from keras.layers import LSTM, Dense, Dropout, Input

lstm_model = Sequential([
    Input(shape=(1, X_train_dl.shape[2])),
    LSTM(32),
    Dropout(0.3),
    Dense(16, activation='relu'),
    Dense(1, activation='sigmoid')
])

lstm_model.compile(
    optimizer='adam',
    loss='binary_crossentropy',
    metrics=['accuracy']
)

history_lstm = lstm_model.fit(
    X_train_dl, y_train_bal,
    epochs=10,
    batch_size=256,
    validation_split=0.1,
    verbose=1
)

print("LSTM model training completed.")

# ======================================================
# Universal Evaluation Function (for ML & DL)
# ======================================================

from sklearn.metrics import (
    accuracy_score, precision_score, recall_score,
    f1_score, roc_auc_score, confusion_matrix
)

def evaluate_model(y_true, y_pred, y_prob=None):
    return {
        "accuracy": accuracy_score(y_true, y_pred),
        "precision": precision_score(y_true, y_pred, zero_division=0),
        "recall": recall_score(y_true, y_pred, zero_division=0),
        "f1": f1_score(y_true, y_pred, zero_division=0),
        "auc": roc_auc_score(y_true, y_prob) if y_prob is not None else None,
        "cm": confusion_matrix(y_true, y_pred)
    }

from sklearn.model_selection import GridSearchCV
from sklearn.metrics import classification_report
from sklearn.linear_model import LogisticRegression
from sklearn.neighbors import KNeighborsClassifier
from sklearn.tree import DecisionTreeClassifier
from sklearn.ensemble import RandomForestClassifier
from sklearn.naive_bayes import GaussianNB
from xgboost import XGBClassifier

models = {
    "LogisticRegression": (
        LogisticRegression(),
        {"C": [0.1, 1, 10], "max_iter": [500, 1000]}
    ),

    "KNN": (
        KNeighborsClassifier(),
        {"n_neighbors": [3,5,7], "weights": ["uniform", "distance"]}
    ),

    "DecisionTree": (
        DecisionTreeClassifier(),
        {"max_depth": [5, 10, None], "criterion": ["gini", "entropy"]}
    ),

    "RandomForest": (
        RandomForestClassifier(),
        {"n_estimators": [100, 200], "max_depth": [10, None]}
    ),

    "NaiveBayes": (
        GaussianNB(),
        {"var_smoothing": [1e-9, 1e-8, 1e-7]}
    ),

    "XGBoost": (
        XGBClassifier(eval_metric="logloss", use_label_encoder=False),
        {"n_estimators": [100, 200], "learning_rate": [0.01, 0.1], "max_depth": [4, 6]}
    )
}

ml_eval_results = []

for method_name, (X_bal, y_bal) in balanced_datasets.items():

    print("\n====================================================")
    print(f"   ML EVALUATION for imbalance method: {method_name}")
    print("====================================================")

    for model_name, (model, params) in models.items():

        # Train best model again
        gs = GridSearchCV(
            estimator=model,
            param_grid=params,
            scoring="f1",
            cv=3,
            n_jobs=-1
        )
        gs.fit(X_bal, y_bal)

        y_pred = gs.predict(X_test)
        y_prob = gs.predict_proba(X_test)[:, 1] if hasattr(gs, "predict_proba") else None

        metrics = evaluate_model(y_test, y_pred, y_prob)

        ml_eval_results.append({
            "Method": method_name,
            "Model": model_name,
            **metrics
        })

# ======================================================
# DL Evaluation
# ======================================================

dl_results = []

# DNN
y_prob_dnn = dnn_model.predict(X_test_dnn).flatten()
y_pred_dnn = (y_prob_dnn > 0.5).astype(int)
dnn_metrics = evaluate_model(y_test, y_pred_dnn, y_prob_dnn)
dl_results.append({"Model": "DNN", **dnn_metrics})

# RNN
y_prob_rnn = rnn_model.predict(X_test_dl).flatten()
y_pred_rnn = (y_prob_rnn > 0.5).astype(int)
rnn_metrics = evaluate_model(y_test, y_pred_rnn, y_prob_rnn)
dl_results.append({"Model": "RNN", **rnn_metrics})

# LSTM
y_prob_lstm = lstm_model.predict(X_test_dl).flatten()
y_pred_lstm = (y_prob_lstm > 0.5).astype(int)
lstm_metrics = evaluate_model(y_test, y_pred_lstm, y_prob_lstm)
dl_results.append({"Model": "LSTM", **lstm_metrics})

!pip install shap lime

from sklearn.ensemble import RandomForestClassifier

rf_model = RandomForestClassifier(
    n_estimators=100,
    max_depth=None,
    random_state=42
)
rf_model.fit(X_train, y_train)

import shap

# ---- 1) Create explainer ----
explainer_rf = shap.TreeExplainer(rf_model)

# ---- 2) Compute SHAP values ----
shap_values_rf = explainer_rf.shap_values(X_test)

# ---- 3) If binary classification → choose class 1 only ----
# Some models return list [class0, class1]
if isinstance(shap_values_rf, list):
    shap_vals = shap_values_rf[1]   # class 1
else:
    shap_vals = shap_values_rf

print("SHAP shape:", shap_vals.shape)
print("X_test shape:", X_test.shape)

# ---- 4) Fix mismatch by converting to numpy ----
X_test_numpy = X_test.values if hasattr(X_test, "values") else X_test

# ---- 5) Summary (beeswarm) ----
shap.summary_plot(shap_vals, X_test_numpy)

# ---- 6) Bar plot ----
shap.summary_plot(shap_vals, X_test_numpy, plot_type="bar")

import shap

# ======== SHAP for ML ========

# 1) Train final best ML model
best_model = rf_model          # اختاري هنا أفضل موديل حسب النتائج
best_model.fit(X_train, y_train)

# 2) Create SHAP Explainer
explainer = shap.TreeExplainer(best_model)

# 3) Compute SHAP values
shap_values = explainer.shap_values(X_test)

# 4) إذا كان output عبارة عن list (class0, class1)
if isinstance(shap_values, list):
    shap_vals = shap_values[1]      # class 1 only
else:
    shap_vals = shap_values

# 5) Fix mismatch → convert to numpy
X_test_np = X_test.values if hasattr(X_test, "values") else X_test

# 6) Beeswarm Plot
shap.summary_plot(shap_vals, X_test_np)

# 7) Bar Plot
shap.summary_plot(shap_vals, X_test_np, plot_type="bar")

def lstm_predict(x):
    x = x.reshape(1, 1, x.shape[0])   # reshape to (samples, timesteps, features)
    return lstm_model.predict(x)

model_to_explain = lstm_predict

# ============================
# LIME for RandomForest ONLY (Guaranteed working)
# ============================

import lime
import lime.lime_tabular as lime_tabular
import numpy as np

# ---- 1) تأكد إن الموديل RF موجود ----
if 'rf_model' not in globals():
    raise Exception("⚠ RandomForest model not found. Train it first!")

model_to_explain = rf_model
print("Using RandomForest for LIME.")


# ---- 2) Build LIME explainer using correct data shape ----
lime_explainer = lime_tabular.LimeTabularExplainer(
    training_data = X_train.values.astype(float),   # SAFE
    feature_names = X_train.columns.tolist(),
    class_names = ["Non-Fraud", "Fraud"],
    mode = "classification",
    discretize_continuous = True
)


# ---- 3) Select a proper sample (must be 1D of size 30) ----
i = 10
sample = X_test.values[i].astype(float)

print("Sample shape:", sample.shape)   # should be (30,)


# ---- 4) Prediction wrapper for LIME ----
def rf_predict(sample_list):
    sample_list = np.array(sample_list).reshape(-1, X_train.shape[1])
    return model_to_explain.predict_proba(sample_list)


# ---- 5) Generate LIME explanation ----
exp = lime_explainer.explain_instance(
    sample,
    rf_predict,
    num_features = 10
)

# ---- 6) Show ----
exp.show_in_notebook(show_table=True)
exp.as_pyplot_figure()

ml_results_df = pd.DataFrame(ml_eval_results)
ml_results_df

dl_results_df = pd.DataFrame(dl_results)
dl_results_df

import matplotlib.pyplot as plt

metrics = ["accuracy", "precision", "recall", "f1", "auc"]
models_dl = ["DNN", "RNN", "LSTM"]

dl_scores = dl_results_df.set_index("Model")[metrics]

dl_scores.plot(kind="bar", figsize=(12,5))
plt.title("DL Models Performance Comparison")
plt.ylabel("Score")
plt.show()

import seaborn as sns
plt.figure(figsize=(15,5))

for i, model in enumerate(dl_results):
    plt.subplot(1,3,i+1)
    sns.heatmap(model["cm"], annot=True, fmt='d', cmap="Blues")
    plt.title(model["Model"])

plt.show()

final_summary = pd.concat([
    ml_results_df.assign(Type="ML"),
    dl_results_df.assign(Type="DL")
])

final_summary

