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Lampiran 1. Data Volume Impor Migas Indonesia Periode Januari 2016-Desember 2022 

Bulan 
Data Volume Impor Minyak dan Gas (Migas) Indonesia (Ton)  

2012 2013 2014 2015 2016      2017    2018        2019 2020 2021 2022 2023 

Januari 3168.24 4219.16 3731.63 3606.31 3448.34 3717.95 3744.2 3383.26 3441.18 3515.4 3189.52 4340.4 

Februari 3689.6 3742.7 3647.29 3517.87 3530.22 4912.03 3945.73 3110.15 3371.11 2512.06 3769.32 3403.1 

Maret 3813.22 4089.34 4235.5 4296.99 4671.26 4614.01 4051.77 2696.88 3936.94 4108.83 3852.01 4180.1 

April 3986.74 3941.8 3979.17 4411.94 3721.96 3376.84 4086.44 3836.75 3605.61 3752.94 4144.59 4244.2 

Mei 3435.94 3890.68 4024.61 3575.25 4348.71 3933.55 4665.63 3673.87 2640.76 3627.45 3403.19 4713.1 

Juni 3469.52 4041.1 3709.86 4500.06 4102.74 3662.75 3331.61 3210.05 2231.46 4008.89 3697.5 3498.4 

Juli 3152.03 4629.74 4413.32 4079.6 3645.81 4170.23 4162.28 3268.02 3002.68 2777.65 4621.2 4996.5 

Agustus 3722.94 3996.81 3731.56 4206.97 4624.52 4535.41 4844.54 3181.04 2781.86 3268.1 4283.34 3891 

September 3553.76 3981.06 4106.69 4199.58 4546.33 4039.33 3566.66 3180.85 3208.94 2945.25 4172.1 4553 

Oktober 3980.39 3781.33 4173.73 3860.72 3706.92 4494.29 4257.94 3349.64 3000.35 2577.75 4474.3 4308.7 

November 4310.08 4221.77 4369.8 3691.52 4032.51 4185.6 4663.58 4098.37 2879.12 3968.27 3778.3 5004.2 

Desember 3972.75 4518.56 4746.47 4362.44 3946.48 4728.09 3895.73 3937.58 3554.13 5063.74 4355.6 5011.4 

      Sumber : Badan Pusat Statistik Indonesia 
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Lampiran 2. Source Code Program Python untuk Plot Data 

import pandas as pd 

import numpy as np 

import matplotlib.pyplot as plt 

 

def lihat_tren(data): 

    # Data x dari 0 sampai dengan panjang data 

    x = list(range(len(data))) 

 

    # Hitung garis regresi linier 

    slope, intercept = np.polyfit(x, data, 1) 

    trendline = intercept + (slope * np.array(x)) 

 

    # Plot data dan garis tren 

    plt.figure(figsize=(7, 3)) 

    plt.plot(x, data, label='Data') 

    plt.plot(x, trendline, color='grey', linestyle='--', 

label='Garis Tren') 

    plt.xlabel('Periode') 

    plt.ylabel('Nilai Volume Impor Migas') 

    plt.title('Tren Pola Data') 

    plt.grid(True) 

    plt.legend() 

 

if __name__ == "__main__": 

    # Membaca data dari file Excel 

    nama_file = 'Data Impor Migas.xlsx'   

    df = pd.read_excel(nama_file) 

 

    # Mengambil kolom yang ingin dilihat tren polanya (misalnya 

kolom 'nilai') 

    kolom_data = 'Volume Impor Migas'   

    data = df[kolom_data].tolist() 

    # Memanggil fungsi untuk melihat tren pola data 

    lihat_tren(data) 

 

 

Lampiran 3 Source Code Program Uji Stasioner Data 

import pandas as pd 

from statsmodels.tsa.stattools import adfuller 

 

# Langkah 1: Memuat data dari file Excel 

data_path = 'Data Impor Migas.xlsx'   

try: 

    df = pd.read_excel(data_path) 

except FileNotFoundError: 

    print("File Excel tidak ditemukan. Pastikan path file sudah 

benar.") 

 

# Langkah 2: Memilih kolom atau deret waktu yang ingin diuji 

time_series = df['Volume Impor Migas']  # Ganti 'nama_kolom' 

dengan nama kolom yang sesuai dengan data deret waktu Anda 

 

# Langkah 3: Melakukan uji ADF 

result = adfuller(time_series, autolag='AIC') 
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# Langkah 4: Mencetak hasil uji ADF 

print('Hasil Uji Augmented Dickey-Fuller:') 

print('----------------------------------') 

print('Nilai ADF:', result[0]) 

print('Nilai p-value:', result[1]) 

print(f'Jumlah lags: {result[2]}') 

print('Nilai-nilai kritis:') 

for key, value in result[4].items(): 

    print('\t', key, ':', value) 

print('Tingkat signifikansi: 0.05') 

print('----------------------------------') 

print('Kesimpulan:') 

if result[1] <= 0.05: 

    print('P-value kurang dari atau sama dengan 0.05. Data 

stasioner.') 

else: 

    print('P-value lebih besar dari 0.05. Data tidak stasioner.') 

 

 

Lampiran 4. Source Code Program Python untuk Memuat Data Dari File Excel 

import numpy as np 

import pandas as pd 

import matplotlib.pyplot as plt 

from tabulate import tabulate 

 

# Load data dari file Excel 

data_excel = pd.read_excel('Data Impor Migas.xlsx') 

data_series = data_excel['Volume Impor Migas'].tolist() 

 

 

Lampiran 5. Source Code Program Python untuk Pembagian Data 

# Bagi data menjadi data training dan data testing (85% training, 

15% testing) 

train_size = int(len(data_series) * 0.85) 

data_train, data_test = data_series[:train_size], 

data_series[train_size:] 

 

# Plot data 

plt.figure(figsize=(8, 10)) 

plt.subplot(3, 1, 1) 

plt.plot(data_train, label='Data Training', color='blue') 

plt.plot(range(train_size, len(data_series)), data_test, 

label='Data Testing', color='red') 

plt.xlabel('Bulan') 

plt.ylabel('Volume Impor Migas') 

plt.title('Data Training and Testing') 

plt.legend() 

#plt.grid(True) 

plt.show() 
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Lampiran 6. Source Code Program Python untuk Perhitungan Parameter DES Brown 

Menggunakann Metode Golden Section 

# Fungsi untuk menghitung MAPE 

def calculate_MAPE(y_true, y_pred): 

    if len(y_true) != len(y_pred): 

        raise ValueError("Ukuran y_true dan y_pred harus sama.") 

 

    y_true = np.array(y_true) 

    y_pred = np.array(y_pred) 

 

    # Pastikan tidak ada pembagian dengan nol 

    if np.any(y_true == 0): 

        raise ZeroDivisionError("Tidak boleh ada nilai nol dalam 

y_true.") 

 

    return np.mean(np.abs((y_true - y_pred) / y_true)) * 100 

 

# Fungsi Double Exponential Smoothing 

def double_exponential_smoothing_brown(alpha, series, 

forecast_periods=1): 

    n = len(series) 

    Lt = [series[0]] 

    Ltt = [series[0]] 

 

    forecast = [] 

 

    # Hitung nilai Lt dan Ltt 

    for i in range(1, n): 

        Lt.append(alpha * series[i] + (1 - alpha) * Lt[i - 1]) 

        Ltt.append(alpha * Lt[i] + (1 - alpha) * Ltt[i - 1]) 

 

    # Hasilkan forecast 

    for i in range(n): 

        at = 2 * Lt[i] - Ltt[i] 

        bt = (alpha / (1 - alpha)) * (Lt[i] - Ltt[i]) 

        forecast.append(at + bt) 

 

    return forecast 

 

# Optimasi alpha terbaik dengan Golden Section 

def golden_section_optimization_brown(series, tolerance=1e-5, 

max_iterations=100): 

    phi = 0.61803398875 

    a = 0 

    d = 1 

    iteration = 0 

    optimal_alpha = (a + d) / 2 

    table_data = [] 

 

    while iteration < max_iterations: 

        iteration += 1 

 

        # Hitung dua titik tengah 

        b = phi * a + (1 - phi) * d 

        c = a + d - b 

         

        # Hitung nilai  
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        f_b = calculate_MAPE(series, 

double_exponential_smoothing_brown(b, series))  # Hitung MAPE 

        f_c = calculate_MAPE(series, 

double_exponential_smoothing_brown(c, series))  # Hitung MAPE 

        e = abs(d - a) 

        table_data.append([iteration, a, b, c, d, f_b, f_c, e]) 

 

        # Update batas sesuai aturan golden section 

        if f_b < f_c: 

            d = c  # Atur batas atas 

            c = b 

            a = a 

            b = phi * a + (1 - phi) * d 

 

        else: 

            a = b  # Atur batas bawah 

            b = c 

            d = d 

            c = a + d - b 

 

        if e < tolerance: 

            optimal_alpha = (a + d) / 2 

            break 

        if iteration >= max_iterations: 

            print("Iterasi mencapai batas maksimum") 

            break 

 

    headers = ["Iterasi", "a", "b", "c", "d", "f(b)", "f(c)", "|d-

a|"] 

    print(tabulate(table_data, headers=headers, tablefmt="grid")) 

 

    return optimal_alpha, iteration 

 

 
# Lakukan optimisasi menggunakan metode Golden Section dengan satu 

parameter (alpha) menggunakan data training 

alpha_optimal, iteration = 

golden_section_optimization_brown(data_train) 

 

# Tampilkan parameter optimal 

print("Nilai alpha optimal:", alpha_optimal) 

 
# Buat peramalan menggunakan alpha optimal untuk data training 

forecast_train = double_exponential_smoothing_brown(alpha_optimal, 

data_train) 

mape_train = calculate_MAPE(np.array(data_train), 

np.array(forecast_train)) 

print(f'Nilai MAPE data train: {mape_train:.4f}%') 

 

# Plot grafik data aktual, data training, data testing, dan 

peramalan 

plt.figure(figsize=(8, 10)) 

# Plot grafik data aktual, data training, dan peramalan training 

plt.subplot(3, 1, 2) 

#plt.plot(data_series, label='Data Aktual') 

plt.plot(data_series[:len(data_train)], label='Data Aktual') 

plt.plot(range(len(data_train)), forecast_train, label='Peramalan 

Training', linestyle='-', color='green') 

plt.title('Peramalan Data Training untuk DES Brown') 
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plt.xlabel('Bulan') 

plt.ylabel('Volume Impor Migas') 

plt.legend() 

 

# Buat DataFrame untuk menampilkan hasil peramalan data testing 

beserta periodenya 

# Buat peramalan menggunakan alpha optimal untuk data testing 

forecast_test = double_exponential_smoothing_brown(alpha_optimal, 

data_test) 

forecast_df = pd.DataFrame({'Periode': range(len(data_train), 

len(data_series)), 'Data Testing': data_test, 'Peramalan Testing': 

forecast_test}) 

mape_test = calculate_MAPE(np.array(data_test), 

np.array(forecast_test)) 

print(f'Nilai MAPE data test: {mape_test:.4f}%') 

 

# Tampilkan DataFrame 

print("Hasil Peramalan Data Testing:") 

print(forecast_df) 

 

# Plot grafik data aktual, data training, data testing, dan 

peramalan 

plt.figure(figsize=(8, 10)) 

# Plot grafik data testing dan peramalan testing 

plt.subplot(3, 1, 3) 

plt.plot(forecast_df['Periode'], forecast_df['Data Testing'], 

label='Data Testing', linestyle='-', color='blue') 

plt.plot(forecast_df['Periode'], forecast_df['Peramalan Testing'], 

label='Peramalan Testing', linestyle='-', color='green') 

plt.title('Peramalan Data Testing') 

plt.xlabel('Bulan') 

plt.ylabel('Volume Impor Migas') 

plt.legend() 

plt.show() 

 

 

Lampiran 7. Source Code Program Python Peramalan dengan DES Brown 

# Tampilkan peramalan untuk beberapa periode ke depan 

forecast_periods = 5 

forecast_future = 

double_exponential_smoothing_brown(alpha_optimal, data_series, 

forecast_periods) 

print("Peramalan untuk", forecast_periods, "periode ke depan:", 

forecast_future[-forecast_periods:]) 

#mape 

mape_future = calculate_MAPE(np.array(data_series), 

np.array(forecast_future)) 

print(f'Nilai MAPE peramalan: {mape_future:.4f}%') 

 

# Plot grafik data aktual, data training, data testing, dan 

peramalan 

plt.figure(figsize=(8, 10)) 

# Plot grafik peramalan masa depan 

plt.subplot(3, 1, 3) 

start_index_future = len(data_series) + 1 

end_index_future = start_index_future + forecast_periods 
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plt.plot(range(start_index_future, end_index_future), 

forecast_future[-forecast_periods:], label='Peramalan Masa Depan', 

linestyle='-', color='green') 

plt.xticks(range(start_index_future, end_index_future, 1)) 

plt.title('Peramalan Masa Depan') 

plt.xlabel('Bulan') 

plt.ylabel('Volume Impor Migas') 

plt.legend() 

 

plt.tight_layout() 

 

Lampiran 8. Source Code Program Python untuk Perhitungan Parameter DES Holt 

menggunakan metode modifikasi Golden Section. 

# Fungsi untuk melakukan peramalan menggunakan model Double 

Exponential Smoothing 

def double_exponential_smoothing(alpha, beta, series, 

forecast_periods=1): 

    n = len(series) 

    level = [series[0]] 

    trend = [series[1]-series[0]] 

    forecast = [level[0] + trend[0]] 

 

    for i in range(1, n): 

        level.append(alpha * series[i] + (1 - alpha) * (level[i-1] 

+ trend[i-1])) 

        trend.append(beta * (level[i] - level[i-1]) + (1 - beta) * 

trend[i-1]) 

        forecast.append(level[i] + trend[i]) 

 

    # Prediksi untuk beberapa periode ke depan 

    for _ in range(forecast_periods): 

        level.append(level[-1] + trend[-1]) 

        trend.append(beta * (level[-1] - level[-2]) + (1 - beta) * 

trend[-1]) 

        forecast.append(level[-1] + trend[-1]) 

 

    return forecast 

 

# Fungsi objektif untuk dioptimalkan 

def calculate_MAPE(y_true, y_pred): 

    # Ensure y_true and y_pred have the same length 

    min_length = min(len(y_true), len(y_pred)) 

    y_true = np.array(y_true[:min_length]) 

    y_pred = np.array(y_pred[:min_length]) 

 

    # Calculate MAPE 

    mape = np.mean(np.abs((y_true - y_pred) / y_true)) * 100 

    return mape 

 

#fungsi golden section 

def golden_section_optimization_holt(series, tolerance=0.0001, 

max_iterations=100): 

    # Inisialisasi parameter 

    phi = 0.618033989  # Golden ratio 

    a1, d1 = 0, 1 

    a2, d2 = 0, 1 

    iteration = 0 
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    mape_values = [] 

    mape_current = []  # Menyimpan nilai MAPE setiap iterasi 

    table_data = [] # Menyimpan data untuk tabel 

 

    while True: 

        iteration += 1 

        # Hitung dua titik tengah 

        b1 = phi * a1 + (1 - phi) * d1 

        c1 = a1 + d1 - b1 

        b2 = phi * a2 + (1 - phi) * d2 

        c2 = a2 + d2 - b2 

 

        # Hitung nilai objektif pada dua titik tengah 

        f_b1b2 = calculate_MAPE(series, 

double_exponential_smoothing(b1, b2, series)) 

        f_b1c2 = calculate_MAPE(series, 

double_exponential_smoothing(b1, c2, series)) 

        f_c1b2 = calculate_MAPE(series, 

double_exponential_smoothing(c1, b2, series)) 

        f_c1c2 = calculate_MAPE(series, 

double_exponential_smoothing(c1, c2, series)) 

        e1 = abs(d1 - a1) 

        e2 = abs(d2 - a2) 

        table_data.append([iteration, a1, b1, c1, d1, a2, b2, c2, 

d2, f_b1b2, f_b1c2, f_c1b2, f_c1c2]) 

 

        # Update batas sesuai aturan Golden Section 

        if f_b1b2 > f_b1c2 and f_b1b2 > f_c1b2 and f_b1b2 > 

f_c1c2: 

            a1 = b1 

            b1 = c1 

            c1 = a1 + d1 - b1 

            a2 = b2 

            b2 = c2 

            c2 = a2 + d2 - b2 

 

        elif f_b1c2 > f_b1b2 and f_b1c2 > f_c1b2 and f_b1c2 > 

f_c1c2: 

            a1 = b1 

            b1 = c1 

            c1 = a1 + d1 - b1 

            d2 = c2 

            c2 = b2 

            b2 = phi * a2 + (1 - phi) * d2 

 

        elif f_c1b2 > f_b1b2 and f_c1b2 > f_b1c2 and f_c1b2 > 

f_c1c2: 

            d1 = c1 

            c1 = b1 

            b1 = phi * a1 + (1 - phi) * d1 

            a2 = b2 

            c2 = a2 + d2 - b2 

        else: 

            d1 = c1 

            c1 = b1 

            b1 = phi * a1 + (1 - phi) * d1 

            d2 = c2 

            c2 = b2 

            b2 = phi * a2 + (1 - phi) * d2 
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        e2 = abs(d2 - a1) 

 

        #hitung mape 

        mape_current = calculate_MAPE(series, 

double_exponential_smoothing((a1 + d1) / 2, (a2 + d2) / 2, 

series)) 

        mape_values.append(mape_current) 

 

        # Cek kriteria berhenti 

        if abs(d1 - a1) < tolerance: 

            print("Konvergensi tercapai.") 

            break 

            #return (a1 + a2) / 2, (d1 + d2) / 2, iteration  # 

Mengembalikan nilai optimal dan jumlah iterasi 

        if iteration >= max_iterations: 

            print("Iterasi mencapai batas maksimum") 

            break 

            #return (a1 + a2) / 2, (d1 + d2) / 2, iteration  # 

Mengembalikan nilai optimal dan jumlah iterasi 

 

    headers = ["Iteration", "a1", "b1", "c1", "d1", "a2", "b2", 

"c2", "d2", "f_b1b2", "f_b1c2", "f_c1b2", "f_c1c2"] 

    print(tabulate(table_data, headers=headers, tablefmt="grid")) 

 

    return ((a1 + d1) / 2, (a2 + d2) / 2), iteration, mape_values 

 

# Lakukan optimisasi menggunakan data training 

(alpha_optimal, beta_optimal), iterations, mape_values = 

golden_section_optimization_holt(data_train) 

 

# Tampilkan parameter optimal untuk data training 

print("Nilai alpha optimal:", alpha_optimal) 

print("Nilai beta optimal:", beta_optimal) 

 

# Buat peramalan menggunakan alpha dan beta optimal untuk data 

training 

forecast_train = double_exponential_smoothing(alpha_optimal, 

beta_optimal, data_train) 

mape_train = calculate_MAPE(np.array(data_train), 

np.array(forecast_train)) 

print(f'Nilai MAPE data train: {mape_train:.4f}%') 

 

# Plot grafik data aktual, data training, data testing, dan 

peramalan 

plt.figure(figsize=(8, 10)) 

# Plot grafik data aktual, data training, dan peramalan training 

plt.subplot(3, 1, 2) 

#plt.plot(data_series, label='Data Aktual') 

plt.plot(data_series[:len(data_train)], label='Data Aktual') 

plt.plot(range(len(data_train)), forecast_train[:-1], 

label='Peramalan Training', linestyle='-', color='green')  # 

Menggunakan[:-1] untuk memotong satu nilai dari peramalan 

plt.title('Peramalan Data Training untuk DES Holt') 

plt.xlabel('Bulan') 

plt.ylabel('Volume Impor Migas') 

plt.legend() 
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forecast_test = double_exponential_smoothing(alpha_optimal, 

beta_optimal, data_test) 

 

# Pastikan panjang data test dan peramalan test sama 

min_length = min(len(data_test), len(forecast_test)) 

data_test = data_test[:min_length] 

forecast_test = forecast_test[:min_length] 

 

forecast_df = pd.DataFrame({'Periode': range(len(data_train), 

len(data_train) + min_length), 'Data Testing': data_test, 

'Peramalan Testing': forecast_test}) 

mape_test = calculate_MAPE(np.array(data_test), 

np.array(forecast_test)) 

print(f'Nilai MAPE data test: {mape_test:.4f}%') 

 

# Tampilkan DataFrame 

print("Hasil Peramalan Data Testing:") 

print(forecast_df) 

 

# Plot grafik data aktual, data training, data testing, dan 

peramalan 

plt.figure(figsize=(8, 10)) 

# Plot grafik data testing dan peramalan testing 

plt.subplot(3, 1, 3) 

plt.plot(forecast_df['Periode'], forecast_df['Data Testing'], 

label='Data Testing', linestyle='-', color='blue') 

plt.plot(forecast_df['Periode'], forecast_df['Peramalan Testing'], 

label='Peramalan Testing', linestyle='-', color='green') 

plt.title('Peramalan Data Testing') 

plt.xlabel('Bulan') 

plt.ylabel('Volume Impor Migas') 

plt.legend() 

plt.show() 

 


