import pandas as pd
from sklearn.model_selection import train_test_split, GridSearchCV
from sklearn.preprocessing import StandardScaler
from sklearn.linear_model import LogisticRegression
from sklearn.ensemble import RandomForestClassifier
from sklearn.metrics import accuracy_score, classification_report, confusion_matrix
from sklearn.feature_selection import SelectKBest, f_classif
import matplotlib.pyplot as plt
import seaborn as sns

data = pd.read_csv('/Users/afnannasseer/Downloads/diabetes_012_health_indicators_BRFSS2015.csv')
print("Missing values before handling:")
print(data.isnull().sum())

for column in data.columns:
    if data[column].isnull().any():
        data[column].fillna(data[column].mean(), inplace=True)

print("\nMissing values after handling:")
print(data.isnull().sum())

X = data.drop('Outcome', axis=1)
y = data['Outcome']

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.3, random_state=42)

scaler = StandardScaler()
X_train_scaled = scaler.fit_transform(X_train)
X_test_scaled = scaler.transform(X_test)

models = {
    'Logistic Regression': (LogisticRegression(random_state=42),
                           {'C': [0.001, 0.01, 0.1, 1, 10, 100],
                            'solver': ['liblinear', 'saga']}),
    'Random Forest': (RandomForestClassifier(random_state=42),
                      {'n_estimators': [50, 100, 200],
                       'max_depth': [None, 5, 10],
                       'min_samples_split': [2, 5, 10]})
}

results = {}

for name, (model, param_grid) in models.items():
    grid_search = GridSearchCV(model, param_grid, cv=5, scoring='accuracy', n_jobs=-1)
    grid_search.fit(X_train_scaled, y_train)
    best_model = grid_search.best_estimator_
    y_pred = best_model.predict(X_test_scaled)
    accuracy = accuracy_score(y_test, y_pred)
    report = classification_report(y_test, y_pred)
    cm = confusion_matrix(y_test, y_pred)

    results[name] = {
        'best_model': best_model,
        'accuracy': accuracy,
        'classification_report': report,
        'confusion_matrix': cm
    }

print("Evaluation of models with Grid Search:")
for name, result in results.items():
    print(f"\n{name}:")
    print(f"  Best Model: {result['best_model']}")
    print(f"  Accuracy: {result['accuracy']:.4f}")
    print("  Classification Report:\n", result['classification_report'])
    sns.heatmap(result['confusion_matrix'], annot=True, fmt='d', cmap='Blues')
    plt.title(f'Confusion Matrix - {name}')
    plt.xlabel('Predicted')
    plt.ylabel('Actual')
    plt.show()

k_best = SelectKBest(score_func=f_classif, k=5)
X_train_kbest = k_best.fit_transform(X_train_scaled, y_train)
X_test_kbest = k_best.transform(X_test_scaled)

selected_features_kbest_indices = k_best.get_support(indices=True)
selected_features_kbest = X.columns[selected_features_kbest_indices].tolist()
print("\nSelected features using SelectKBest:", selected_features_kbest)

rf_model = RandomForestClassifier(random_state=42)
rf_model.fit(X_train_scaled, y_train)
feature_importances = rf_model.feature_importances_
feature_importance_df = pd.DataFrame({'Feature': X.columns, 'Importance': feature_importances})
feature_importance_df = feature_importance_df.sort_values(by='Importance', ascending=False)

top_n = 5
selected_features_rf = feature_importance_df['Feature'].head(top_n).tolist()
print("\nSelected features using Random Forest Feature Importance:", selected_features_rf)

results_selected_features = {}

for name, (model, param_grid) in models.items():
    grid_search_kbest = GridSearchCV(model, param_grid, cv=5, scoring='accuracy', n_jobs=-1)
    grid_search_kbest.fit(X_train_kbest, y_train)
    best_model_kbest = grid_search_kbest.best_estimator_
    y_pred_kbest = best_model_kbest.predict(X_test_kbest)
    accuracy_kbest = accuracy_score(y_test, y_pred_kbest)
    report_kbest = classification_report(y_test, y_pred_kbest)
    cm_kbest = confusion_matrix(y_test, y_pred_kbest)

    results_selected_features[f"{name} (SelectKBest)"] = {
        'best_model': best_model_kbest,
        'accuracy': accuracy_kbest,
        'classification_report': report_kbest,
        'confusion_matrix': cm_kbest
    }

    X_train_rf = X_train_scaled[:, [X.columns.get_loc(feature) for feature in selected_features_rf]]
    X_test_rf = X_test_scaled[:, [X.columns.get_loc(feature) for feature in selected_features_rf]]

    grid_search_rf = GridSearchCV(model, param_grid, cv=5, scoring='accuracy', n_jobs=-1)
    grid_search_rf.fit(X_train_rf, y_train)
    best_model_rf = grid_search_rf.best_estimator_
    y_pred_rf = best_model_rf.predict(X_test_rf)
    accuracy_rf = accuracy_score(y_test, y_pred_rf)
    report_rf = classification_report(y_test, y_pred_rf)
    cm_rf = confusion_matrix(y_test, y_pred_rf)

    results_selected_features[f"{name} (RF Importance)"] = {
        'best_model': best_model_rf,
        'accuracy': accuracy_rf,
        'classification_report': report_rf,
        'confusion_matrix': cm_rf
    }

print("\nEvaluation of models with selected features:")
for name, result in results_selected_features.items():
    print(f"\n{name}:")
    print(f"  Best Model: {result['best_model']}")
    print(f"  Accuracy: {result['accuracy']:.4f}")
    print("  Classification Report:\n", result['classification_report'])
    sns.heatmap(result['confusion_matrix'], annot=True, fmt='d', cmap='Greens')
    plt.title(f'Confusion Matrix - {name}')
    plt.xlabel('Predicted')
    plt.ylabel('Actual')
    plt.show()

