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# =========================================
# TIME SERIES FORECASTING WORKFLOW
# =========================================

import pandas as pd
import numpy as np
import matplotlib.pyplot as plt

from statsmodels.tsa.stattools import adfuller, kpss
from statsmodels.graphics.tsaplots import plot_acf, plot_pacf
from statsmodels.tsa.arima.model import ARIMA
from statsmodels.stats.diagnostic import acorr_ljungbox

# =========================================
# 1. LOAD DATA
# =========================================
df = pd.read_csv("DataLoadTarakan_new.csv", sep=";")

df["year"] = pd.to_datetime(df["year"], format="%Y")
df.set_index("year", inplace=True)

y = df["pemakaian_harian_rata2"]

print("Preview data:")
display(df.head())

# =========================================
# 2. EXPLORATORY PLOT
# =========================================
plt.figure()
plt.plot(y)
plt.title("Pemakaian Harian Rata-rata")
plt.xlabel("Tahun")
plt.ylabel("Load")
plt.show()

# =========================================
# 3. STATIONARITY TEST
# =========================================
def adf_test(series):
    return adfuller(series.dropna())[1]

def kpss_test(series):
    return kpss(series.dropna(), regression='c', nlags="auto")[1]

print("ADF p-value (original):", adf_test(y))
print("KPSS p-value (original):", kpss_test(y))

# =========================================
# 4. DIFFERENCING
# =========================================
y_diff = y.diff().dropna()

print("ADF p-value (1st difference):", adf_test(y_diff))
print("KPSS p-value (1st difference):", kpss_test(y_diff))

plt.figure()
plt.plot(y_diff)
plt.title("First Differenced Series")
plt.show()

# =========================================
# 5. ACF & PACF (MODEL IDENTIFICATION)
# =========================================
plt.figure()
plot_acf(y_diff, lags=10)
plt.show()

plt.figure()
plot_pacf(y_diff, lags=10)
plt.show()

# =========================================
# 6. ARIMA MODEL ESTIMATION
# (Initial candidate: ARIMA(1,1,1))
# =========================================
model = ARIMA(y, order=(1, 1, 1))
result = model.fit()

print(result.summary())

# =========================================
# 7. RESIDUAL DIAGNOSTIC
# =========================================
resid = result.resid

plt.figure()
plt.plot(resid)
plt.title("Residuals")
plt.show()

plt.figure()
plot_acf(resid.dropna(), lags=10)
plt.show()

lb = acorr_ljungbox(resid.dropna(), lags=[5], return_df=True)
print("Ljung-Box Test:")
display(lb)

# =========================================
# 8. FORECASTING
# =========================================
n_forecast = 25
forecast = result.get_forecast(steps=n_forecast)

forecast_mean = forecast.predicted_mean
forecast_ci = forecast.conf_int()

plt.figure()
plt.plot(y, label="Observed")
plt.plot(forecast_mean, label="Forecast")
plt.fill_between(
    forecast_ci.index,
    forecast_ci.iloc[:, 0],
    forecast_ci.iloc[:, 1],
    alpha=0.3
)
plt.title("Forecast Pemakaian Harian Rata-rata")
plt.legend()
plt.show()

print("Forecast values:")
display(forecast_mean)
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# =========================================================
# ARIMA WORKFLOW MULTI-VARIABLE (2015–2055)
# =========================================================

import pandas as pd
import numpy as np
import matplotlib.pyplot as plt

from statsmodels.tsa.stattools import adfuller, kpss
from statsmodels.tsa.arima.model import ARIMA
from statsmodels.stats.diagnostic import acorr_ljungbox
from statsmodels.graphics.tsaplots import plot_acf, plot_pacf

# =========================================================
# 1. INPUT DATA
# =========================================================
data = {
    "Tahun": [2013,2014,2015,2016,2017,2018,2019,2020,2021,2022,2023],
    "Jumlah_Rumah_Tangga": [45227,48779,51944,56658,59048,61540,64135,67444,70371,74677,78547],
    "PDRB_per_Kapita": [14313,15519,16795,17790,19206,20647,22233,22065,22937,24218,25647],
    "Pelanggan_Rumah_Tangga": [12792,14733,16600,18765,20482,22291,26267,32171,37193,40588,41810],
    "Pelanggan_Bisnis": [1203,1740,2186,2994,3259,3466,3617,3878,4244,4626,5042]
}

df = pd.DataFrame(data)
df["Tahun"] = pd.to_datetime(df["Tahun"], format="%Y")
df.set_index("Tahun", inplace=True)

# =========================================================
# 2. HELPER FUNCTIONS
# =========================================================
def adf_p(series):
    return adfuller(series)[1]

def kpss_p(series):
    return kpss(series, regression="c", nlags="auto")[1]

def find_d(series):
    d = 0
    temp = series.copy()
    while adf_p(temp) > 0.05:
        temp = temp.diff().dropna()
        d += 1
    return d

# =========================================================
# 3. ARIMA WORKFLOW PER VARIABLE
# =========================================================
results = []
models = {}

for col in df.columns:
    y = df[col]

    # Stationarity
    adf_val = adf_p(y)
    kpss_val = kpss_p(y)

    # Differencing
    d = find_d(y)

    # Model estimation (baseline ARIMA(1,d,1))
    model = ARIMA(y, order=(1, d, 1))
    fit = model.fit()

    # Residual diagnostic
    resid = fit.resid.dropna()
    lb_p = acorr_ljungbox(resid, lags=[5], return_df=True)["lb_pvalue"].iloc[0]

    # Store results
    results.append({
        "Variabel": col,
        "ADF_p_value": adf_val,
        "KPSS_p_value": kpss_val,
        "Differencing_d": d,
        "AIC": fit.aic,
        "BIC": fit.bic,
        "LjungBox_p_value": lb_p
    })

    models[col] = fit

    # Optional: ACF & PACF plot (comment out if not needed)
    """
    plot_acf(y.diff(d).dropna(), lags=10)
    plt.title(f"ACF - {col}")
    plt.show()

    plot_pacf(y.diff(d).dropna(), lags=10)
    plt.title(f"PACF - {col}")
    plt.show()
    """

# =========================================================
# 4. VALIDATION SUMMARY
# =========================================================
validation_df = pd.DataFrame(results)

print("\n=== ARIMA VALIDATION SUMMARY ===")
print(validation_df)

# =========================================================
# 5. FORECASTING UNTIL 2055
# =========================================================
forecast_df = pd.DataFrame()

for col, model in models.items():
    steps = 32

    fc = model.get_forecast(steps=steps)
    fc_series = fc.predicted_mean

    fc_series.index = range(df.index.year[-1] + 1,
                             df.index.year[-1] + 1 + len(fc_series))

    forecast_df[col] = fc_series

# =========================================================
# 6. COMBINE HISTORICAL + FORECAST
# =========================================================
df_hist = df.copy()
df_hist.index = df_hist.index.year

full_df = pd.concat([df_hist, forecast_df])

# =========================================================
# 7. EXPORT RESULTS
# =========================================================
validation_df.to_csv("ARIMA_Validation_Summary.csv", index=False)
forecast_df.to_csv("ARIMA_Forecast_2024_2055.csv")
full_df.to_csv("ARIMA_Historical_and_Forecast.csv")

with pd.ExcelWriter("ARIMA_Output_Complete.xlsx") as writer:
    validation_df.to_excel(writer, sheet_name="Validation", index=False)
    forecast_df.to_excel(writer, sheet_name="Forecast_2024_2055")
    full_df.to_excel(writer, sheet_name="Historical_and_Forecast")

print("\nExport selesai:")
print("- ARIMA_Validation_Summary.csv")
print("- ARIMA_Forecast_2024_2055.csv")
print("- ARIMA_Historical_and_Forecast.csv")
print("- ARIMA_Output_Complete.xlsx")
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# ======================================================
# SUPERVISED FORECASTING FROM ARIMA FEATURES
# ======================================================

import pandas as pd
import numpy as np

from sklearn.pipeline import Pipeline
from sklearn.preprocessing import StandardScaler
from sklearn.linear_model import Ridge
from sklearn.svm import SVR
from sklearn.ensemble import RandomForestRegressor

# ================================
# 1. LOAD ARIMA FORECAST FEATURES
# ================================
cols = [
    "Jumlah_Rumah_Tangga",
    "PDRB_per_Kapita",
    "Pelanggan_Rumah_Tangga",
    "Pelanggan_Bisnis"
]

X_future = pd.read_csv(
    "Forecast_Unsuv_ARIMA.csv",
    sep=";",
    header=None,
    names=cols
)

print("ARIMA FEATURE INPUT")
print(X_future.head())
print(X_future.info())

# ================================
# 2. LOAD HISTORICAL DATA (TRAIN FULL)
# ================================
df_hist = pd.DataFrame({
    "Jumlah_Rumah_Tangga": [51944,56658,59048,61540,64135,67444,70371,74677,78547],
    "PDRB_per_Kapita": [16795,17790,19206,20647,22233,22065,22937,24218,25647],
    "Pelanggan_Rumah_Tangga": [16600,18765,20482,22291,26267,32171,37193,40588,41810],
    "Pelanggan_Bisnis": [2186,2994,3259,3466,3617,3878,4244,4626,5042],
    "DailyAvg_kWh": [564690,605946,618181,678118,664860,689502,632781,658523,721455]
})

X_train = df_hist[cols]
y_train = df_hist["DailyAvg_kWh"]

# ================================
# 3. DEFINE MODELS (FIXED PARAMS)
# ================================
models = {
    "Ridge": Pipeline([
        ("scaler", StandardScaler()),
        ("model", Ridge(alpha=0.1))
    ]),
    "SVR": Pipeline([
        ("scaler", StandardScaler()),
        ("model", SVR(C=500, epsilon=0.01, gamma=0.1))
    ]),
    "RandomForest": RandomForestRegressor(
        n_estimators=800,
        max_depth=4,
        min_samples_leaf=1,
        random_state=42
    )
}

# ================================
# 4. FIT & FORECAST
# ================================
forecast_results = {}

for name, model in models.items():
    model.fit(X_train, y_train)
    forecast_results[name] = model.predict(X_future)

# ================================
# RIDGE FEATURE IMPORTANCE
# ================================
ridge_model = models["Ridge"]

ridge_coef = ridge_model.named_steps["model"].coef_

ridge_importance = pd.DataFrame({
    "Feature": cols,
    "Coefficient": ridge_coef,
    "Abs_Coefficient": np.abs(ridge_coef)
}).sort_values("Abs_Coefficient", ascending=False)

print("\nRIDGE FEATURE IMPORTANCE")
print(ridge_importance)

# Plot
plt.figure(figsize=(6,4))
sns.barplot(
    data=ridge_importance,
    x="Coefficient",
    y="Feature",
    palette="viridis"
)
plt.title("Ridge Feature Importance (Standardized Coefficients)")
plt.grid(True)
plt.show()

# ================================
# 5. EXPORT RESULT
# ================================
df_export = X_future.copy()

for name in forecast_results:
    df_export[f"DailyAvg_kWh_{name}"] = forecast_results[name]

df_export.to_csv(
    "Forecast_Supv_ARIMA.csv",
    index=False
)

with pd.ExcelWriter("Forecast_Supv_ARIMA.xlsx") as writer:
    df_export.to_excel(writer, sheet_name="Forecast", index=False)

print("\nEXPORT SELESAI")
print("- Forecast_Supv_ARIMA.csv")
print("- Forecast_Supv_ARIMA.xlsx")



