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Abstract— PT. Astra International Tbk (ASII) is one of the listed companies is (Indonesia Stock Exchange) IDX
which focuses in multiple sectors. Stock is one of the important factors in the economy. This paper forecast the
weekly stock of ASII from April 6, 2025 until April 27, 2025 by using the data from May 05, 2024 to March 23,
2025. By using Arima Box-Jenkins, the best ARIMA model for this data is the ARIMA (1,1,1) with the MSE
value of 24463.64, RMSE of 156.4086, MAE value of 146.184 and MAPE of 3.0737%.
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I. INTRODUCTION

The stock market plays an important in the economy. It shows how the economy is doing and things that
could happen in the future. The price of a stock changes based on the demand for shares from new investors who
want to buy, or the supply of shares from existing investors who want to sell[1]. These fluctuations are very crucial
for investors who are interested in investing to a company. One of the companies that is listed in the Indonesia
Stock Exchange (IDC) is PT. Astra International Thk (ASII), which operates in multiple sectors such as
automotive, finance and agribusiness. Due to this, the stock price of ASII is being widely monitored by investors.

With the rapid increase of technology, there are many methods that could be used to predict stock prices.
The most well-known method is univariate “Auto-Regressive Moving Average (ARMA)” for a single time series
data in which Auto-Regressive (AR) and Moving Average (MA) models are combined[2]. These models are linear
since the future values are cramped to be linear functions of past data[3]. But to ensure that this test is accurate,
we would calculate its error and whether the data follows a normal pattern. To check its accuracy, we would use
some other tests such as Shapiro-Wilk test, Ljung-Box test and comparing its AIC values.

In this paper, we will observe the weekly stock of PT. Astra International Thk (ASII) from May 2024 to
March 2025. Using the ARIMA mode, this paper aims to forecast the weekly stock for April 2025, the data used
is obtained from invetsing.com. The ARIMA model that would be the best model would be the model which has
the smallest error from the MSE, RMSE, MAE and MAPE.

With the previous studies of ARIMA to forecast data, M Shalahuddin and H Oktaviyani (2024) observe
the stock of PT. Astra International Thk (ASII) from 2019 to June 2024 to forecast July 2024 until June 2025
which they get the best ARIMA (1,1,1) [4]. Saputra (2024) observes the data of the stock price of PT. GoTo Gojek
Tokopedia Thk. (GOTO.JK) using the weekly stock price from April 11, 2022 until February 27, 2023 to forecast
the weekly stock on March 06, 2023 until May 8, 2023, which he obtain the best ARIMA model of ARIMA (2,1,2)
the the MSE value of 106.36830; RMSE value of 0.07845252; MAE value of 9.071061 and MAPE value of
7.84525%[5]. Wardani, Yudhanegara (2025) observe the weekly stock price of PT. Aneka Tambang Tbk from
January 1, 2022, until December 31, 2023 to forecast the weekly stock price on January 6, 2024 until January 27,
2024, with the best ARIMA model of ARIMA (3,1,0) with the MSE value of 16710.11575; RMSE value of
129.2676129; MAE value of 120.83725 and MAPE value of 7.68%[6]. Olivia and Nugraha (2023) observe the
weekly stock of Bank Central Asia Thk. from April 04. 2022 until January 09, 2023 to forecast the data on January
16, 2023 until March 6, 2023 which result on the best ARIMA model ARIMA (3,2,0) with the MSE value of
1610643; RMSE value of 1269.11; MAE value of 12808.48 and MAPE value of 14.03% [7]. Hidayat and Wiharja
(2024) observe the monthly stock of Crude Qil Price Forecasting from April 1, 2019 until April 1, 2023 to forecast
the data on May 1, 2023 until May 1, 2024 which result on the best ARIMA model is ARIMA (1,2,1) with the
MSE value of 38.129117536; RMSE value of 6.174882619; MAE value of 5.739086 and MAPE value of
6.8128441% [8]

1. METHODOLOGY
A. Box Jenkins Method
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Box-Jenkins analysis methodology refers to a systematic method of identifying, fitting, checking, and
using integrated autoregressive, moving average (ARIMA) time series models[9]. The Autoregressive
Integrated Moving Average (ARIMA(p,d,q)) model combines AR(p)(Autoregressive) and MA(q)
(Moving Average) to get the pattern and trends in the time series. In order for a data to be forecasted, it
needs to be stationary. If the data is not stationary then we can transform this data to stationary by
differencing it.
1. Autoregressive (AR)
Autoregressive model is statistical model that is used to analyze time series, where the future
value is being predicted based on a linear combination of the past values. The Autoregressive (AR)
with order p can be written as:

Xe =1 Xe1 + P2 X o+ + ¢pXt—p + & 1)
The equation above is the AR model for lags p. The value of p is determined from the Partial
autocorrelation (PACF) plot of the stationary time series model. 1f the PACF plot cuts off on several
lags, then the largest or last cut would be the value of p.
2. Differencing
When the data is not stationary, the data could not be used to forecast a data, to be able to use
these data, we need to differencing the data until the data is stationary. The number of differencing
in these data is denoted as d.
3. Moving Average (MA)
Moving average is stock indicator used in technical analysis[10]. The moving average (MA)
with order g can be written as:
Xe=¢& — 01801 — e 5+ —0ger_4 2
The equation above is the MA model for lags g. The value of q is determined from the
autocorrelation (ACF) plot of the stationary time series model. If the ACF plot cuts off on several
lags, then the largest or last cut would be the value of q.

4. (Autoregressive Integrated Moving Average) ARIMA
The model of AR and MA is combined to form ARMA(p,q) with the formula below:

X =01 Xe 1+ doXp o+ + ¢pXt—p +e—01e g — 06 5+ — eqet—q (2

If the data is not stationary then the data will be difference and there will be the value d, this
would be combing AR, MA and differencing. This would result to ARIMA(p,d,q) with the equation:

W= ¢ Wiy + Wiy +-- + ¢th—p + & — 0101 — b 5+ — gqet—q (3)

Where Wt= A%X,

Below is the flow chat to illustrate Box-Jenkins Method with the ARIMA approach:
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B. Residual Test

1.

Shapiro-Wilk Test

The Shapiro-Wilk test is a statistical procedure used for assessing whether a dataset is normally
distributed. A value of W close to 1 suggests that the data follow a normal distribution. To do this
test we can use the formula below. We can also use shapiro.test(residuals(ARIMA model)) in
RStudio to test the error.

Die1 AV ’
W= (?=1(yi _(3)32 @

L-jung Box Test

The Ljung-Box test is a statistical test that checks if autocorrelation exists in a time series. The
formula below could be used to calculate the value of Q. We can also use Box.test(residuals(ARIMA
model),type = "Ljung-Box") in Rstudio to calculate the value of Q.

k 2

Q=n(n+2)xznr_ik )

i=1

C. Estimated Error Value

1.

Mean Square Error (MSE)

Mean Square Error is used to summarizes the average error of our forecasts. The mean square error
could be calculated by finding the sum of each square of the difference between the predicted and
actual value and dividing the sum by the total number of predicted data. We can use the formula of

n

MSE =

Root Mean Square Error (RMSE)
The RMSE can be calculated by square rooting the MSE, this is commonly used to assess the
precision of the predicted model in time series.

RMSE J 9@ - yD)? -

n
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3. Mean Absolute Error (MAE)
Mean absolute error measures the difference between the predicted and the actual value. It can be
calculated with the formula:

_ I 00 - y0)]

n

MAE (8)

4. Mean Absolute Percentage Error (MAPE)
The MAPE is used to assess the average percentage variance between the predicted and actual value
of the time series. The MAPE could be calculated with the formula (7) and could be analyze from

TABLE 1.
110 -y
y(i)—y(
MAPE = —X —_— 9
R LT ol ©
TABLE 1
The signification of MAPE
MAPE Signification
<10% Excellent forecasting ability
10 - 20% Good forecasting ability
20 — 50% Reasonable forecasting ability
>50% Bad forecasting ability
[11]

I1l. RESULT AND DISCUSSION
A. Data Preparation

The forecast that is done in this paper would use some software such as RStudio and Excel. Before
importing the data, we need some library in the RStudio. Before starting, ensure that these libraries are already
installed in the RStudio. These are the library, library(TSA), library(Imtest), library(forecast), library(tseries),
library(ggplot2), library(kableExtra) and library(scales).

The data is used that is being used in this analysis is PT. Astra International Thk (ASII) weekly stock
price in IDR from May 05, 2024 to April 27, 2025 with a total of 51 data, where 47 data is used for data training
and 4 data are used as data test. These data are shown in TABLE 2 and Figure. 2. The data is taken from
investing.com website.

TABLE. 2
Data of The Stock Price of PT. Astra International Thk (ASII)
Date Close Date Close Date Close Date Close

05/05/2024 5125 04/08/2024 4760 03/11/2024 4960 02/02/2025 4650
12/05/2024 4800 11/08/2024 4970 10/11/2024 4940 09/02/2025 4680
19/05/2024 4710 18/08/2024 5100 17/11/2024 4910 16/02/2025 4750
26/05/2024 4290 25/08/2024 5100 24/11/2024 5100 23/02/2025 4530
02/06/2024 4560 01/09/2024 5050 01/12/2024 5150 02/03/2025 4930
09/06/2024 4420 08/09/2024 5075 08/12/2024 5125 09/03/2025 4620
16/06/2024 4490 15/09/2024 5225 15/12/2024 4870 16/03/2025 4840
23/06/2024 4460 22/09/2024 5100 22/12/2024 4930 23/03/2025 4920
30/06/2024 4580 29/09/2024 5150 29/12/2024 4950 06/04/2025 4710
07/07/2024 4540 06/10/2024 5075 05/01/2025 4900 13/04/2025 4750
14/07/2024 4530 13/10/2024 4920 12/01/2025 4940 20/04/2025 4860
21/07/2024 4610 20/10/2024 5225 19/01/2025 4870 27/04/2025 4790
28/07/2024 4690 27/10/2024 5075 26/01/2025 4800
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Figure. 2
Graph of PT. Astra International Thk (ASII) Stock Price
B. Stationary Check

Before processing the data, the data needs to be checked its stationary using Augmented Dickey-Fuller
Test in R Studio. If the data has a p value below 0.05, then we can consider this data stationary. In Figure. 3, it
shows the result of the stationary test obtained from the Augmented Dicky-Fuller Test which shown the p-
value is 0.6617.

Augmented Dickey-Fuller Test

data: datal.ts
Dickey-Fuller = -1.7801, Lag order = 3, p-value = 0.6617
alternative hypothesis: stationary

Figure. 3
Stationary test

To make the data stationary, the data needs to be difference by using “diff(data)” code in R Studio. After
differencing it once, we get the p-value is 0.01 which is smaller than 0.05 shown in Figure 4, therefore the data
is already stationary. The graph of the first difference is shown in Figure 5.

Augmented Dickey-Fuller Test
data: data2

Dickey-Fuller = -3.8307, Lag order = 3, p-value = 0.02497
alternative hypothesis: stationary

Figure. 4
First Differencing
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Figure. 5
Plot After First Difference PT. Astra International Thk (ASII)

C. Model Specification
The ARIMA model can be found from the Auto-Correlation Function (ACF) and Partial Auto-Correlation
Function (PACF). Figure. 6 and Figure. 7 shows the plot of ACF and PACF for PT. Astra International
Tbk (ASII) after the first differencing.
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ACF Plot PT. Astra International Thk (ASII)
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PACF Plot for PT. Astra International Thk (ASII)

Based on the information given from Figure. 6 we can see that the ACF cuts off at lag time of 2. Thus,
the value of q is determined as 2. From Figure. 7 we can see that the PACF line cuts off at lag time of 1 then
the value of p is determined as 1. Since we have differenced the model once, then the value of d is 1. Therefore,
TABLE 3 presents a total of 24 ARIMA model specification based on the parameter.

TABLE 3
ARIMA Model Specification
No. ARIMA MODEL p d q
1 ARIMA (0,1,0) 0 1 0
2 ARIMA (0,1,1) 0 1 1
3 ARIMA (0,1,2) 0 1 2
4 ARIMA (1,1,0) 1 1 0
5 ARIMA (1,1,1) 1 1 1
6 ARIMA (1,1,2) 1 1 2

D. Parameter Estimation
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The parameter of Autoregressive (AR) formula is denoted by v with order p. While the parameter of Moving
Average (MA) formula is denoted by 6 with order q. TABLE 4 shows that by using the summary(model) code, we
can obtain the value of each parameter, Log-Likelihood and Akaike Information Criterion (AIC).

TABLE 4
ARIMA PARAMETER ESTIMATION

ARIMA MODEL AR1 MAL MA2 Log-likelihood AIC
ARIMA (0,1,0) -314.58 631.15
ARIMA (0,1,1) -1.0000 -294.98 593.97
ARIMA (0,1,2) 12231  0.4801 -292.01 590.02
ARIMA (1,1,0) -0.7329 -297.12 598.24
ARIMA (1,1,1) -0.4878  -0.7061 -291.62 598.25
ARIMA (1,1,2) 0.3417  -1.6037  0.8484 -291.61 591.23

E. Residual Analysis
To determine the best ARIMA model, we can find the value of Shapiro Test and Ljung-Box Test. Through
these tests, if the p-value of each test exceeds 0.05 then that model will be selected. TABLE 5 shows the results
of these test. Models that passed the residual test will be forecasted and the error of each model will be
calculated.

TABLE 5
Result of Residual Analysis
No. ARIMA Model Shapiro Test Ljung-Box Test AIC Result
1 ARIMA (0,1,0) 0.1418 0.000000277 631.15 Not Passed
2 ARIMA (0,1,1) 0.7043 0.01087 593.97 Not Passed
3  ARIMA(0,1,2) 0.4854 0.9519 590.02 Passed
4  ARIMA (1,1,0) 0.3896 0.04812 598.24 Not Passed
5 ARIMA (1,1,1) 0.8832 0.8866 598.25 Passed
6 ARIMA (1,12 0.1094 0.8310 591.23 Passed

F. Forecasting
TABLE 6, TABLE 7 and TABLE 8 shows the forecasting value of the model that passed the residual
test, with the confidence level of 95%.

TABLE 6
Forecasting Value of The ARIMA (0,1,2)

Date Actual Data Predicted data  Lower Bound Upper Bound
06/04/2025 4710 4903.588 4610.541 5196.635
13/04/2025 4750 4937.747 4573.982 5301.512
20/04/2025 4860 4937.747 4476.604 5398.890
27/04/2025 4790 4937.474 4396.470 5470.023

TABLE 7
Forecasting Value of The ARIMA (1,1,1)

Date Actual Data Predicted data  Lower Bound Upper Bound
06/04/2025 4710 4925.499 4633.390 5217.607
13/04/2025 4750 4922.121 4571.099 5273.142
20/04/2025 4860 4924.196 4490.609 5357.783
27/04/2025 4790 4922.921 4437.732 5408.110

TABLE 8
Forecasting Value of The ARIMA (1,1,2)

Date Actual Data Predicted data  Lower Bound Upper Bound
06/04/2025 4710 4916.903 4626.507 5207.298
13/04/2025 4750 4952.095 4596.225 5307.966
20/04/2025 4860 4938.595 4478.749 5398.442
27/04/2025 4790 4943.774 4416.289 5471.260
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Based on the forecasting value on TABLE 6, TABLE 7 and TABLE 8, the best model for forecasting
using ARIMA method can be determined by comparing the error from each model shown in TABLE 9.

TABLE 9
Error Measured from ARIMA Models
Model ARIMA MSE RMSE MAE MAPE
ARIMA (0,1,2) 25129.61 158.5232 151.639 3.1853%
ARIMA (1,1,1) 24463.64 156.4086 146.184 3.0737%
ARIMA (1,1,2) 28368.71 168.4301 160.342 3.3687%

Table 9 shows that ARIMA (1,1,1) has the lowest value of RMSE, MAE and MAPE among the other
ARIMA models, this shows that ARIMA (1,1,1) is the most effective model to forecast the weekly stock price of
PT. Astra International Thk (ASII). Refer to TABLE 4, the best model can be represented in the equation below

Wf = _0.4878Wt_1 + e + 0.706161:_1 (8)
Let

W= X —Xiq
Then the equation becomes
Xt - Xt—l = _0.4878(Xt_1 - Xt_z) + et + 0.70616t_1
X, = —0.4878X,_; — 0.4878X,_, + X,_1 + e, + 0.7061e,_,
X, = 0.5122X, ; — 0.4878X,_, + e, + 0.7061e,_, (9)

The accuracy of the model shown by the MAPE of 3.0737% shown that it is excellence in forecasting
ability. By using this model, investors can forecast the stock price to guide them in buying and selling stocks. With
the forecasted stock, investors would have less risk in losing their money and would be able to invest more

efficiently. Additionally, company can also use this forecasted stock to anticipate and prepare a strategy to be able
to maintain and increase their stock.

The blue section on Figure 8 below shows the visualization of the forecasted weekly stock of PT. Astra
International Thk (ASII) using ARIMA (1,1,1) for April 6, 2025 until April 27,2025.

Forecasts from ARIMA(1,1,1)
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Figure. 8
Forecasting Plot of PT. Astra International Thk (ASII) for ARIMA (1,1,1)

1V. Conclusion
This paper uses the weekly stock of PT. Astra International Thk (ASII) from May 05, 2024 to March 23,

2025 to forecast the value April 6, 2025 until April 27, 2025. The best model of ARIMA is ARIMA (1,1,1) with
the smallest value of MSE, RMSE, MAE and MAPE with the following equation:

Xf = 0'5122Xt—1 - 0.4878Xt_2 + € + 0.7061@1:_1
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The predicted values and the actual value are similar, and the MAPE value is 3.0737% which is lower
than 10%. This indicate that there is a small error between the predicted and actual value. For more accurate result,
it is recommended to also do this forecasting under SARIMA, APARCH and even the Neural Network Model
(NNM).
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