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LAMPIRAN-LAMPIRAN 

 

Lampiran 1. SK Pembimbing 
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Lampiran 2. Surat Keterangan Izin Penelitian 
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Lampiran 3. Proses Feature Engineering Reagen Methanol 

import pandas as pd 

import numpy as np 

df = pd.read_csv('data_methanol.csv', sep=';') 

df.columns = df.columns.str.strip() 

df['Tanggal'] = pd.to_datetime(df['Tanggal'], format='%d/%m/%y') 

df = df.sort_values('Tanggal') 

df['Hari'] = df['Tanggal'].dt.dayofweek 

df['Bulan'] = df['Tanggal'].dt.month 

df['Akhir_Pekan'] = df['Hari'].apply(lambda x: 1 if x >= 5 else 0) 

df['Lag_1'] = df['Permintaan'].shift(1) 

df['Lag_7'] = df['Permintaan'].shift(7) 

df['Lag_14'] = df['Permintaan'].shift(14) 

df['Rolling_Mean_7'] = df['Permintaan'].shift(1).rolling(window=7).mean() 

df['Rolling_Std_7'] = df['Permintaan'].shift(1).rolling(window=7).std() 

df_xgboost = df.dropna().reset_index(drop=True) 

display(df_xgboost.head(10)) 
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Lampiran 4. Proses Feature Engineering Reagen Acetonitrile 

import pandas as pd 

import numpy as np 

df = pd.read_csv('data_acetonitrile.csv', sep=';') 

df.columns = df.columns.str.strip() 

df['Tanggal'] = pd.to_datetime(df['Tanggal'], format='%d/%m/%y') 

df = df.sort_values('Tanggal') 

df['Hari'] = df['Tanggal'].dt.dayofweek 

df['Bulan'] = df['Tanggal'].dt.month 

df['Akhir_Pekan'] = df['Hari'].apply(lambda x: 1 if x >= 5 else 0) 

df['Lag_1'] = df['Permintaan'].shift(1) 

df['Lag_7'] = df['Permintaan'].shift(7) 

df['Lag_14'] = df['Permintaan'].shift(14) 

df['Rolling_Mean_7'] = df['Permintaan'].shift(1).rolling(window=7).mean() 

df['Rolling_Std_7'] = df['Permintaan'].shift(1).rolling(window=7).std() 

df_xgboost = df.dropna().reset_index(drop=True) 

display(df_xgboost.head(10)) 
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Lampiran 5. Proses Feature Engineering Reagen Ethanol 

import pandas as pd 

import numpy as np 

 

df = pd.read_csv('data_ethanol.csv', sep=';') 

df.columns = df.columns.str.strip() 

df['Tanggal'] = pd.to_datetime(df['Tanggal'], format='%d/%m/%y') 

df = df.sort_values('Tanggal') 

df['Hari'] = df['Tanggal'].dt.dayofweek 

df['Bulan'] = df['Tanggal'].dt.month 

df['Akhir_Pekan'] = df['Hari'].apply(lambda x: 1 if x >= 5 else 0) 

 

df['Lag_1'] = df['Permintaan'].shift(1) 

df['Lag_7'] = df['Permintaan'].shift(7) 

df['Lag_14'] = df['Permintaan'].shift(14) 

 

df['Rolling_Mean_7'] = df['Permintaan'].shift(1).rolling(window=7).mean() 

df['Rolling_Std_7'] = df['Permintaan'].shift(1).rolling(window=7).std() 

df_xgboost = df.dropna().reset_index(drop=True) 

display(df_xgboost.head(10)) 
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Lampiran 6. Proses Split Data Reagen Methanol, Acetonitrile, Ethanol 

from sklearn.model_selection import train_test_split 

Y = df_xgboost['Permintaan'] 

X = df_xgboost.drop(columns=['Tanggal', 'Permintaan']) 

X_train, X_test, y_train, y_test = train_test_split(X, Y, test_size=0.2, 

random_state=42, shuffle=False) 

print("Data berhasil dipisah!") 

print(f"Jumlah Data Training: {len(X_train)} hari") 

print(f"Jumlah Data Testing: {len(X_test)} hari") 
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Lampiran 7. Training Model XGBoost Reagen Methanol, Acetonitrile, Ethanol 

from xgboost import XGBRegressor 

model_xgb = XGBRegressor( 

    n_estimators=100, 

    learning_rate=0.1, 

    random_state=42 

) 

print("Mulai proses belajar...") 

model_xgb.fit(X_train, y_train) 

print("Proses belajar selesai.") 

prediksi_xgb = model_xgb.predict(X_test) 

print("Proses prediksi selesai.") 
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Lampiran 8. Evaluasi model Reagen Methanol, Acetonitrile, Ethanol 

import matplotlib.pyplot as plt 

from sklearn.metrics import mean_absolute_error, mean_squared_error 

 

mae = mean_absolute_error(y_test, prediksi_xgb) 

rmse = np.sqrt(mean_squared_error(y_test, prediksi_xgb)) 

mask = y_test.values != 0 

mape = np.mean(np.abs((y_test.values[mask] - prediksi_xgb[mask]) / 

y_test.values[mask])) * 100 

 

print("=== HASIL EVALUASI MODEL XGBOOST ===") 

print(f"MAE  : {mae:.2f} botol") 

print(f"RMSE : {rmse:.2f}") 

print(f"MAPE : {mape:.2f}%") 
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Lampiran 9. Training Model (Hyperparameter Tunning=27 Kombinasi) 

from sklearn.model_selection import GridSearchCV 

param_grid = { 

    'n_estimators': [50, 100, 200], 

    'learning_rate': [0.01, 0.05, 0.1], 

    'max_depth': [3, 5, 7] 

} 

print("Memulai proses Hyperparameter Tuning...") 

print("Mohon tunggu sekitar 1-2 menit...") 

 

grid_search = GridSearchCV(XGBRegressor(random_state=42), param_grid, cv=3) 

grid_search.fit(X_train, y_train) 

 

model_terbaik = grid_search.best_estimator_ 

print("Pencarian selesai! Settingan paling optimal:") 

print(grid_search.best_params_) 

 

prediksi_baru = model_terbaik.predict(X_test) 

 

mae_baru = mean_absolute_error(y_test, prediksi_baru) 

rmse_baru = np.sqrt(mean_squared_error(y_test, prediksi_baru)) 

mask = y_test.values != 0 

mape_baru = np.mean(np.abs((y_test.values[mask] - prediksi_baru[mask]) / 

y_test.values[mask])) * 100 

 

print("=== RAPOT BARU SETELAH DI-TUNING ===") 

print(f"MAE  : {mae_baru:.2f} botol") 

print(f"RMSE : {rmse_baru:.2f}") 

print(f"MAPE : {mape_baru:.2f}%") 
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Lampiran 10. Pembuatan Grafik Perbandingan Permintaan Aktual Vs XGBoost 

plt.figure(figsize=(14, 6)) 

plt.plot(y_test.values, label='Permintaan Asli', color='(*)', alpha=0.7) 

plt.plot(prediksi_baru, label='Prediksi XGBoost', color='red', linestyle='dashed', 

alpha=0.9) 

plt.title('Perbandingan Permintaan Reagen (*1): Asli vs Prediksi XGBoost') 

plt.xlabel('Urutan Hari ke- (Data Ujian)') 

plt.ylabel('Jumlah Permintaan Reagen') 

plt.legend() 

plt.grid(True, linestyle='--', alpha=0.5) 

plt.show() 

 

Note : 

(*) Disesuaikan warna untuk grafik reagen 

(*2) Disesuaikan nama reagen  



 

 

 

119 

Lampiran 11. Penentuan Safety Stock dan ROP Methanol dan Acetonitrile 

lead_time = 1 

 

std_permintaan = np.std(prediksi_baru)(*) 

z = 1.65 

safety_stock = z * RMSE * np.sqrt(lead_time) 

 

rata_permintaan = np.mean(prediksi_baru) 

rop = (rata_permintaan * lead_time) + safety_stock 

 

print("=== HASIL SAFETY STOCK DAN ROP ===") 

print(f"Rata-rata permintaan per hari : {rata_permintaan:.2f} botol") 

print(f"Safety Stock  : {safety_stock:.2f} botol ") 

print(f"ROP (Reorder Point) : {rop:.2f} botol") 

print() 

print("Artinya: Pesan reagen baru ketika stok tinggal", round(rop), " botol!") 

 

Note : 

(*) File prediksi disesuaikan methanol dan acetonitrile menggunakan hypermeter 

tunning ethanol prediksi standar 
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Lampiran 12. Penentuan EOQ 

df_test = df_xgboost[df_xgboost['Tanggal'] >= '2025-03-17'] 

 

D = df_test['Permintaan'].sum() 

S = 140000 

H = (*) 

 

eoq = np.sqrt((2 * D * S) / H) 

 

print("=== EOQ ===") 

print(f"Demand (D)  : {D} botol/tahun") 

print(f"Biaya Pesan (S) : Rp {S:,}") 

print(f"Biaya Simpan (H) : Rp {H:,}") 

print(f"EOQ              : {eoq:.2f} botol") 

print(f"EOQ (dibulatkan) : {round(eoq)} botol") 

Note: 

(*) Disesuaikan biaya simpan masing masing reagen 
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Lampiran 13. Analisis Sensitivitas Lead Time 

lead_times = [1, 2, 3, 4, 5] 

std_permintaan = np.std(prediksi_baru) (*) 

rata_permintaan = np.mean(prediksi_baru) (*1) 

z = 1.65 

 

print("=== ANALISIS SENSITIVITAS LEAD TIME ===") 

print(f"{'Lead Time':>10} | {'Safety Stock':>12} | {'ROP':>10}") 

print("-" * 45) 

 

for lt in lead_times: 

    ss = z * RMSE * np.sqrt(lt) 

    rop = (rata_permintaan * lt) + ss 

    print(f"{lt:>10} hari | {ss:>12.2f} | {rop:>10.2f}") 

 

Note : 

(*) Disesuaikan sesuai prediksi yang dipakai 

(*1) Disesuaikan sesuai prediksi yang dipakai 
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Lampiran 14. Analisis Biaya Persediaan 

data = { 

    'Reagen': ['Methanol', 'Acetonitrile', 'Ethanol'], 

    'D': [1077, 796, 103], 

    'S': [140000, 140000, 140000], 

    'H': [1349400, 2718200, 1609000], 

    'Q_aktual': [3, 2, 1], 

    'Q_eoq': [15, 10, 5] 

} 

 

print("=== TIC EKSISTING ===") 

for i in range(3): 

    frekuensi = round(data['D'][i] / data['Q_aktual'][i]) 

    oc = (data['D'][i] / data['Q_aktual'][i]) * data['S'][i] 

    hc = (data['Q_aktual'][i] / 2) * data['H'][i] 

    tic = oc + hc 

    print(f"{data['Reagen'][i]}: Q={data['Q_aktual'][i]} | Frekuensi={frekuensi}x | 

OC=Rp{oc:,.0f} | HC=Rp{hc:,.0f} | TIC=Rp{tic:,.0f}") 

 

print("\n=== TIC USULAN (EOQ) ===") 

for i in range(3): 

    frekuensi = round(data['D'][i] / data['Q_eoq'][i]) 

    oc = (data['D'][i] / data['Q_eoq'][i]) * data['S'][i] 

    hc = (data['Q_eoq'][i] / 2) * data['H'][i] 

    tic = oc + hc 

    print(f"{data['Reagen'][i]}: Q={data['Q_eoq'][i]} | Frekuensi={frekuensi}x | 

OC=Rp{oc:,.0f} | HC=Rp{hc:,.0f} | TIC=Rp{tic:,.0f}") 
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Lampiran 15. Cuplikan Data Set Mentah Permintaan Reagen (Awal Data) 

Tanggal Reagen  Permintaan 

03/01/22 Methanol 3 

03/01/22 Acetic Acid Glacial 1 

03/01/22 Acetonitrile 3 

04/01/22 Methanol 3 

04/01/22 Ethanol 1 

04/01/22 Acetonitrile 3 

05/01/22 Methanol 1 

05/01/22 Acetonitrile 3 

06/01/22 Methanol 2 

06/01/22 Tert-Butanol 4 

06/01/22 Acetonitrile 2 

07/01/22 Methanol 2 

07/01/22 Titrant 1 

07/01/22 Acetonitrile 2 

08/01/22 Ethanol 1 

08/01/22 Acetonitrile 1 

08/01/22 Acetic Acid Glacial 1 

10/01/22 Methanol 2 

10/01/22 Methanol 2 

10/01/22 Acetonitrile 2 

11/01/22 Methanol 2 

11/01/22 Methanol 2 

11/01/22 Tetrahydrofuran 2 

11/01/22 Acetone 1 

11/01/22 Acetonitrile 2 

12/01/22 Methanol 2 

12/01/22 Hydrochloric acid 1 

12/01/22 Acetonitrile 3 

13/01/22 Methanol 2 

13/01/22 2-Propanol 1 

  

Note : Cuplikan 30 baris pertama dari total 3.975 observasi periode Januari 2022 – 

Desember 2025. Data lengkap tersedia dalam file digital. 
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Lampiran 16. Cuplikan Data Set Mentah Permintaan Reagen (Tengah Data) 

Tanggal Reagen  Permintaan 

12/01/24 Ethanol 1 

15/01/24 Methanol 2 

15/01/24 Methanol 2 

15/01/24 Ethanol 3 

15/01/24 N,N Dimethylformamide 1 

15/01/24 Acetone 1 

15/01/24 Tert-Butanol 3 

16/01/24 Acetic Acid Glacial 1 

16/01/24 Acetone 3 

16/01/24 Acetonitrile 3 

16/01/24 Methanol 4 

16/01/24 Methanol 2 

17/01/24 Methanol 4 

17/01/24 Methanol 2 

17/01/24 Acetonitrile 2 

17/01/24 Acetone 1 

18/01/24 Methanol 4 

18/01/24 Acetonitrile 2 

18/01/24 Solvent 1 

18/01/24 Titrant 1 

18/01/24 Hydrochloric acid 1 

19/01/24 Methanol 4 

19/01/24 Acetonitrile 2 

19/01/24 Ethanol 1 

22/01/24 Methanol 4 

22/01/24 Acetonitrile 2 

22/01/24 Ethanol 1 

23/01/24 Methanol 3 

23/01/24 Acetonitrile 3 

23/01/24 N-Heptane 1 

Note : Cuplikan 30 baris data tengah dari total 3.975 observasi periode Januari 2022 – 

Desember 2025. Data lengkap tersedia dalam file digital. 
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Lampiran 17. Cuplikan Data Set Mentah Permintaan Reagen (Akhir Data) 

Tanggal Reagen  Permintaan 

19/12/25 Tetrahydrofuran 1 

22/12/25 Methanol 4 

22/12/25 Acetonitrile 4 

22/12/25 Acetic Acid Glacial 1 

22/12/25 Tert-Butanol 4 

22/12/25 Solvent 1 

23/12/25 Methanol 4 

23/12/25 Acetonitrile 2 

23/12/25 Tetrahydrofuran 1 

24/12/25 Methanol 10 

24/12/25 Acetonitrile 10 

24/12/25 Ethanol 3 

24/12/25 Chloroform 2 

24/12/25 1-Chlorobutane 2 

24/12/25 Triethanolamine 2 

24/12/25 Hydrochloric Acid 2 

24/12/25 Acetone 2 

24/12/25 Tetrahydrofuran 1 

24/12/25 Acetic Acid Glacial 1 

24/12/25 Acetic Anhydride 1 

26/12/25 Methanol 7 

26/12/25 Acetonitrile 6 

26/12/25 N,N Dimethylformamide 1 

26/12/25 Ethyl Acetate 1 

29/12/25 Methanol 4 

29/12/25 Solvent 1 

30/12/25 Methanol 4 

30/12/25 Acetonitrile 4 

31/12/25 Methanol 4 

31/12/25 Acetonitrile 4 

31/12/25 N,N Dimethylformamide 2 

Note : Cuplikan 30 baris data akhir dari total 3.975 observasi periode Januari 2022 – 

Desember 2025. Data lengkap tersedia dalam file digital. 
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Lampiran 18.  Tabel Hasil Prediksi Vs Aktual Methanol ` 

 

 
Note : Cuplikan 20 baris pertama dari total 290 observasi periode pengujian 17 Maret 

– 31 Desember 2025. 
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Lampiran 19.  Tabel Hasil Prediksi Vs Aktual Acetonitrile 

 
Note : Cuplikan 20 baris pertama dari total 290 observasi periode pengujian 17 Maret 

– 31 Desember 2025. 
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Lampiran 20.  Tabel Hasil Prediksi Vs Aktual Ethanol 

 
Note : Cuplikan 20 baris pertama dari total 290 observasi periode pengujian 17 Maret 

– 31 Desember 2025. 
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Lampiran 21.  Perbandingan antar metode 

import pandas as pd 

import numpy as np 

from statsmodels.tsa.holtwinters import SimpleExpSmoothing 

 

# Load semua data 

df = pd.read_csv('data_methanol.csv', sep=';') 

df_acn = pd.read_csv('data_acetonitrile.csv', sep=';') 

df_eth = pd.read_csv('data_ethanol.csv', sep=';') 

 

# Fungsi evaluasi 

def mape(actual, predicted): 

    actual, predicted = np.array(actual), np.array(predicted) 

    mask = actual != 0 

    return np.mean(np.abs((actual[mask] - predicted[mask]) / actual[mask])) * 100 

 

def rmse(actual, predicted): 

    actual, predicted = np.array(actual), np.array(predicted) 

    return np.sqrt(np.mean((actual - predicted) ** 2)) 

 

def croston(series, alpha=0.1): 

    n = len(series) 

    d = np.zeros(n) 

    p = np.zeros(n) 

    d[0] = series[series > 0].iloc[0] if any(series > 0) else 1 

    p[0] = 1 

    for i in range(1, n): 

        if series.iloc[i] > 0: 

            d[i] = alpha * series.iloc[i] + (1 - alpha) * d[i-1] 
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            p[i] = alpha * 1 + (1 - alpha) * p[i-1] 

        else: 

            d[i] = d[i-1] 

            p[i] = p[i-1] 

    return d / p 

 

# Split 290 hari terakhir sebagai test 

test_size = 290 

 

data = { 

    'Methanol': df['Permintaan'], 

    'Acetonitrile': df_acn['Permintaan'], 

    'Ethanol': df_eth['Permintaan'] 

} 

 

xgboost_results = { 

    'Methanol':     {'MAPE': 21.43, 'RMSE': 1.82}, 

    'Acetonitrile': {'MAPE': 28.75, 'RMSE': 1.50}, 

    'Ethanol':      {'MAPE': 65.66, 'RMSE': 0.69} 

} 

 

print(f"{'Reagen':<15} | {'Model':<22} | {'MAPE':>8} | {'RMSE':>8}") 

print("-" * 65) 

 

for reagen, series in data.items(): 

    train = series.iloc[:-test_size] 

    test = series.iloc[-test_size:] 

 

    # Moving Average 
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    pred_ma = pd.Series( 

        [train.rolling(window=7).mean().iloc[-1]] * len(test),  

        index=test.index 

    ) 

    # Exponential Smoothing 

    model_es = SimpleExpSmoothing(train).fit(optimized=True) 

    pred_es = model_es.forecast(len(test)) 

    pred_es = pd.Series(pred_es.values, index=test.index) 

 

    # Croston (khusus Ethanol) 

    if reagen == 'Ethanol': 

        croston_train = croston(train) 

        pred_croston = pd.Series( 

            [croston_train[-1]] * len(test),  

            index=test.index 

        ) 

    # Print hasil 

    print(f"{reagen:<15} | {'Moving Average':<22} | {mape(test, pred_ma):>8.2f}% | 

{rmse(test, pred_ma):>8.2f}") 

    print(f"{reagen:<15} | {'Exp. Smoothing':<22} | {mape(test, pred_es):>8.2f}% | 

{rmse(test, pred_es):>8.2f}") 

    if reagen == 'Ethanol': 

        print(f"{reagen:<15} | {'Croston':<22} | {mape(test, pred_croston):>8.2f}% | 

{rmse(test, pred_croston):>8.2f}") 

    print(f"{reagen:<15} | {'XGBoost':<22} | 

{xgboost_results[reagen]['MAPE']:>8.2f}% | 

{xgboost_results[reagen]['RMSE']:>8.2f}") 

    print("-" * 65) 

 


