"final_comparison = pd.DataFrame({\n",
    "    'Model': [\n",
    "        'RF Baseline', \n",
    "        'RF Cost-Sensitive', \n",
    "        'XGBoost Baseline', \n",
    "        'XGBoost Cost-Sensitive',\n",
    "        'XGBoost Optimal (thresh=0.7)'\n",
    "    ],\n",
    "    'Accuracy': [\n",
    "        accuracy_score(y_test, y_pred),\n",
    "        accuracy_score(y_test, y_pred_cost),\n",
    "        accuracy_score(y_test, y_pred_xgb_base),\n",
    "        accuracy_score(y_test, y_pred_xgb_cost),\n",
    "        accuracy_score(y_test, y_pred_xgb_optimal)\n",
    "    ],\n",
    "    'Recall': [\n",
    "        tp/(tp+fn),\n",
    "        tp2/(tp2+fn2),\n",
    "        tp4/(tp4+fn4),\n",
    "        tp5/(tp5+fn5),\n",
    "        tp6/(tp6+fn6)\n",
    "    ],\n",
    "    'F1-Score': [\n",
    "        f1_score(y_test, y_pred),\n",
    "        f1_score(y_test, y_pred_cost),\n",
    "        f1_score(y_test, y_pred_xgb_base),\n",
    "        f1_score(y_test, y_pred_xgb_cost),\n",
    "        f1_score(y_test, y_pred_xgb_optimal)\n",
    "    ],\n",
    "    'AUC-ROC': [auc, auc2, auc4, auc5, auc5],\n",
    "    'Total Cost ($)': [total_cost, total_cost2, total_cost4, total_cost5, total_cost6]\n",
    "})\n",
    "\n",
    "print(final_comparison.to_string(index=False))\n",
    "\n",
    "# Best model\n",
    "best_idx = final_comparison['Total Cost ($)'].idxmin()\n",
    "print(f\"\\n BEST MODEL: {final_comparison.loc[best_idx, 'Model']}\")\n",
    "print(f\" Lowest Cost: ${final_comparison.loc[best_idx, 'Total Cost ($)']:,}\")\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 23,
   "id": "f93f9f27-421b-457e-badc-3a1608ab54d8",
   "metadata": {
    "scrolled": true
   },
   "outputs": [
    {
     "name": "stdout",
     "output_type": "stream",
     "text": [
      "Generating SHAP explanations\n",
      " SHAP values calculated!\n"
     ]
    },
    
{
     "data": {
      "image/png": "",
      "text/plain": [
       "<Figure size 800x710 with 1 Axes>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    }
   ],
   "source": [
    "# SHAP Explanations\n",
    "import shap\n",
    "\n",
    "print(\"Generating SHAP explanations\")\n",
    "\n",
    "# Use XGBoost model for SHAP (works best)\n",
    "explainer = shap.TreeExplainer(xgb_cost_model)\n",
    "\n",
    "# Use sample for speed\n",
    "X_sample = X_test.sample(n=1000, random_state=42)\n",
    "shap_values = explainer.shap_values(X_sample)\n",
    "\n",
    "print(\" SHAP values calculated!\")\n",
    "\n",
    "# Feature Importance Plot\n",
    "plt.figure(figsize=(10, 6))\n",
    "shap.summary_plot(shap_values, X_sample, plot_type=\"bar\", show=False)\n",
    "plt.title(\"Feature Importance (SHAP)\", fontsize=14, fontweight='bold')\n",
    "plt.tight_layout()\n",
    "plt.savefig('shap_importance.png', dpi=300, bbox_inches='tight')\n",
    "plt.show()\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 24,
   "id": "6b2d729f-c78e-4aa4-8772-b3bc24937fec",
   "metadata": {},
   "outputs": [
    {
     "data": {
      "image/png": "",
      "text/plain": [
       "<Figure size 800x710 with 2 Axes>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    }
   ],
   "source": [
    "# SHAP Summary Plot \n",
    "plt.figure(figsize=(10, 6))\n",
    "shap.summary_plot(shap_values, X_sample, show=False)\n",
    "plt.title(\"SHAP Summary Plot\", fontsize=14, fontweight='bold')\n",
    "plt.tight_layout()\n",
    "plt.savefig('shap_summary.png', dpi=300, bbox_inches='tight')\n",
    "plt.show()\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 29,
   "id": "78cdbc5f-2d0d-4aa0-a716-09c006c34f0c",
   "metadata": {},
   "outputs": [
    {
     "data": {
      "image/png": "",
      "text/plain": [
       "<Figure size 800x650 with 3 Axes>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    }
   ],
   "source": [
    "# SHAP visualization\n",
    "fraud_idx = y_test[y_test == 1].index[0]\n",
    "fraud_sample = X_test.loc[[fraud_idx]]\n",
    "\n",
    "shap_single = explainer.shap_values(fraud_sample)\n",
    "\n",
    "plt.figure(figsize=(10, 8))\n",
    "shap.plots.waterfall(\n",
    "    shap.Explanation(\n",
    "        values=shap_single[0],\n",
    "        base_values=explainer.expected_value,\n",
    "        data=fraud_sample.iloc[0],\n",
    "        feature_names=X_test.columns.tolist()\n",
    "    ),\n",
    "    show=False\n",
    ")\n",
    "plt.title(\"Fraud Case Explanation\", fontsize=14, fontweight='bold')\n",
    "plt.tight_layout()\n",
    "plt.savefig('shap_waterfall.png', dpi=300, bbox_inches='tight')\n",
    "plt.show()\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 30,
   "id": "3a611eb9-06b9-44ea-b122-541941d2e21d",
   "metadata": {},
   "outputs": [
    {
     "data": {
      "image/png": "",
      "text/plain": [
       "<Figure size 1400x500 with 2 Axes>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    }
   ],
   "source": [
    "# Model Comparison Visualization\n",
    "fig, axes = plt.subplots(1, 2, figsize=(14, 5))\n",
    "\n",
    "models = ['RF\\nBaseline', 'RF\\nCost-Sens', 'XGB\\nBaseline', 'XGB\\nCost-Sens', 'XGB\\nOptimal']\n",
    "costs = [total_cost, total_cost2, total_cost4, total_cost5, total_cost6]\n",
    "recalls = [tp/(tp+fn), tp2/(tp2+fn2), tp4/(tp4+fn4), tp5/(tp5+fn5), tp6/(tp6+fn6)]\n",
    "\n",
    "# Cost comparison\n",
    "colors = ['red', 'green', 'orange', 'blue', 'purple']\n",
    "axes[0].bar(models, costs, color=colors)\n",
    "axes[0].set_ylabel('Total Cost ($)', fontsize=12)\n",
    "axes[0].set_title('Cost Comparison', fontsize=14, fontweight='bold')\n",
    "for i, v in enumerate(costs):\n",
    "    axes[0].text(i, v + 5000, f'${v:,}', ha='center', fontsize=9)\n",
    "\n",
    "# Recall comparison\n",
    "axes[1].bar(models, recalls, color=colors)\n",
    "axes[1].set_ylabel('Recall', fontsize=12)\n",
    "axes[1].set_title('Recall Comparison', fontsize=14, fontweight='bold')\n",
    "for i, v in enumerate(recalls):\n",
    "    axes[1].text(i, v + 0.02, f'{v:.2f}', ha='center', fontsize=9)\n",
    "\n",
    "plt.tight_layout()\n",
    "plt.savefig('model_comparison.png', dpi=300, bbox_inches='tight')\n",
    "plt.show()\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": 34,
   "id": "6ed6cb2c-aa7f-44fb-b352-140bf8c33acf",
   "metadata": {},
   "outputs": [
    {
     "data": {
      "image/png": "",
      "text/plain": [
       "<Figure size 1400x500 with 2 Axes>"
      ]
     },
     "metadata": {},
     "output_type": "display_data"
    }
   ],
   "source": [
    "# Threshold Analysis Visualization\n",
    "fig, axes = plt.subplots(1, 2, figsize=(14, 5))\n",
    "\n",
    "# Cost vs Threshold\n",
    "axes[0].plot(thresh_df['Threshold'], thresh_df['Cost'], 'b-o', linewidth=2, markersize=8)\n",
    "axes[0].axvline(x=0.7, color='r', linestyle='--', label='Optimal (0.7)')\n",
    "axes[0].set_xlabel('Threshold', fontsize=12)\n",
    "axes[0].set_ylabel('Total Cost ($)', fontsize=12)\n",
    "axes[0].set_title('Cost vs Threshold', fontsize=14, fontweight='bold')\n",
    "axes[0].legend()\n",
    "axes[0].grid(True, alpha=0.3)\n",
    "\n",
    "# Recall vs Threshold\n",
    "axes[1].plot(thresh_df['Threshold'], thresh_df['Recall'], 'g-o', linewidth=2, markersize=8)\n",
    "axes[1].axvline(x=0.7, color='r', linestyle='--', label='Optimal (0.7)')\n",
    "axes[1].set_xlabel('Threshold', fontsize=12)\n",
    "axes[1].set_ylabel('Recall', fontsize=12)\n",
    "axes[1].set_title('Recall vs Threshold', fontsize=14, fontweight='bold')\n",
    "axes[1].legend()\n",
    "axes[1].grid(True, alpha=0.3)\n",
    "\n",
    "plt.tight_layout()\n",
    "\n",
    "plt.show()\n"
   ]
  },
  {
   "cell_type": "code",
   "execution_count": null,
   "id": "37ca6767-9fa1-4df9-9a80-c4472961dc75",
   "metadata": {},
   "outputs": [],
   "source": []
  }
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