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Abstract. One of the most significant components of the economy is the stock market. Due to the
impact of many industries and market conditions, Tesla stock prices are continually fluctuating. Stock
market forecasts are becoming more precise as artificial intelligence develops. The performance of
the four methods is compared in this article, which predicts Tesla's stock using linear regression,
super vector regression, RFR, and LSTM. The study's findings show that all four methodologies are
capable of accurately predicting Tesla's stock prices according to four parameters (R-squared, MSE,
RMSE, and MAE). Linear regression stands out among them due to its highest R-squared value
(0.85) for Tesla from 2020 to 2022, compared to the other three models. The findings of this study
provide empirical evidence for investors.
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1. Introduction

Shares of publicly traded firms are a company's measure of value. The state of a nation's economy
IS seen to be reflected in its stock market. On the stock market, these shares are transferred and traded.
The price of stocks may also rise or fall in the short term. For both buyers and sellers, accurate stock
predictions can result in enormous profits. It's a common misconception that stock price movements
may be predicted through analysis rather than being random. The stock market, market trends, and
price predictions may all be successfully made using machine learning, typically with high levels of
accuracy. In studies, the application of machine learning to stock forecasting has gotten a lot of
attention [1].

Machine learning techniques are widely used in stock prediction. Methods like linear
regression(LR), Super vector regression(SVR), Random Forest regressor(RFR), and Long-short term
memory(LSTM) are used in this paper. This paper aims to make a comparison in terms of
performances between the four chosen models by measuring parameters.

2. Literature review

Stock forecasting is extremely risky until a trustworthy and accurate computation model is
developed. In recent years, a considerable deal of study has been done on predicting the value of a
company's shares. By utilizing the stock data of various corporations or entities from the global
financial market, it is possible to anticipate changes in stock indices in the future, either through the
application of machine learning or not.

This technique is simple but extremely useful in fields such as finance and economics. In the case
of an investment, linear regression can be used to quantitatively relate the investment and the risk and
to forecast the risk in the future [2].

A new approach is presented to stock price forecasting based on the theory of super vector
regression to enhance the study of the stock market price trend. First, a floating search approach for
factor selection based on support vector regression and the leaving-one method is proposed. This
method uses non-linear expansion of data using SVR to identify the time series model order. The test
outcome is satisfactory. There is a research state that the SVM algorithm works on large-scale data
values derived from the global financial markets. SVM is not overfitting [3].
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A machine learning algorithm known as a random forest (RF) classifier categorizes data by using
a group of decision trees. A forest of trees is created by combining the decision trees. And then trained
using a different subset of data and features. Each decision tree is used to predict by the algorithm
during projection.

Deep learning LSTM method exhibits great accuracy in predicting stock values when accuracy,
precision, and standard deviation are measured and compared across all machine learning techniques.

The remaining of the paper is structured as follows. Session Il introduces dataset and the four
methods. Session 111 summaries the experimental results, including the performance of each model
under the measuring parameters. Session 1V concludes.

3. Method

3.1. Dataset

It is needed to choose a specific dataset when utilizing machine learning techniques to forecast
stock prices because slight changes in the data could affect a difference in the outcomes of the
predictions [4]. The Tesla stock market data have been used in this research that is collected from
Kaggle. The dataset has 562 rows and 7 columns in total. Each row represented the prices for a stock
trading day. Table.1 indicates variables including the data set and definition for each variable.

Table 1. variables and definitions

Variables definitions
Open price The opening price of the day
Highest price The highest price for each sample
Lowest price The lowest price of the sample
Close price The close price of the day
Adj. close price The closing price after adjustments
Volume The volume of shares traded of each sample day

3.2. Normalization of data

3.2.1 Data splitting

Before splitting, it is required to look for any missing values and remove such data from the dataset.
It is also necessary to look for categorical values and remove any extraneous data from the data
collection. The training set and the testing set, which account for 80% and 20% respectively of the
total data, will then be separated. There are 449 rows of data considered as training sets and the left
113 rows of data is the testing set. And the training data(449 rows) is from 2020-01-02 to 2021-10-
12; the testing data(113 rows): from 2021-10-13 to 2022-03-24.

3.2.2 Data scaling

Normalization efficiently scales the data to fit within a specific range when working with a lot of
data. Gradient descent is accelerated and becomes more precise after normalization [5].

3.3. Prediction models

The LR, SVR, RFR, and LSTM are chosen out of all the machine learning techniques. Four models
are first trained using training data, followed by prediction using testing data. Next, evaluate the
model's performance using the parameters to determine whether it is a good fit.

3.3.1 Linear regression

A valuable tool for forecasting quantitative responses is linear regression. Due to its simplified
model, linear regression also produced findings that were plausible after normalization without the
need for parameter tuning, however, the accuracy was not as good as it could have been if using the
data to form a portfolio. Although it might seem a bit dull compared to the other three models
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mentioned in this study, linear regression is still an effective and popular statistical learning technique.
Linear regression uses a given linear function for predicting:

y=PB+hX+e (1)

In this formula, Y is a continuous value, X represents independent values and3,, B; are
coefficients.

3.3.2SVR

SVR is a subset of the Support Vector Machine (SVM), which is a common technique. This model
is popular due to the wide range of applications it can be used for, from pattern recognition to
regression estimation with a generalized performance [6]. Super vector regression can handle both
classification and regression on linear and non-linear data. And this model is convenient when finding
more complex relationships. The following equation shows how SVR works:

y=wx+b (2)
3.3.3RFR

Random Forest regression can handle datasets containing continuous variables. The following
describes the algorithm:

Step 1: Select N randomly chosen records from the dataset.

Step 2: Create a decision tree based on N records.

step 3a: Repeat steps 1 and 2 after selecting the number of trees from your algorithm.

Step 3b: In the case of a regression issue, each tree in the forest forecasts a value for Y (output)
for a new record [7].

3.34LSTM

The forecasts' heavy reliance on data—often on the market's extensive historical data—is the main
reason for using this model in stock market prediction [8]. In the LSTM model, input was taken, and
the LSTM algorithm was used to recall data and results over time [9]. To forecast the further stock
prices of Tesla. The framework of the LSTM approach is illustrated in fig. 1.
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Fig. 1 LSTM single-layer neural network

3.4. Evaluation parameters

RMSE was employed as the main metric for the optimization to conduct the evaluation [10]. Four
parameters are utilized in this research for evaluating the performance of four models. They are R-
squared value, MSE, RMSE, and MAE. The following part will introduce the specific formulae.
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3.4.1 R-squared value

The formula for the R-squared value is shown in (3). The higher R*2 value represents a smaller
difference btw the observed data and the fitted values.

RZ - 2;:\]:1(}%_}:,)2 (3)
T (Y12
3.4.2 MSE

The formula for MSE is shown in (4). The lower MSE value means the closer is forecast to the
actual.

1 A
MSE = 230, (Y;, — Y,)? )

3.4.3 RMSE
The formula for RMSE is shown in (5). The lower RMSE value indicates better accuracy.

(YAi_Y/L)z
RMSE = / ?le (5)
3.4.4 MAE

The formula for MAE is shown in (6). The MAE measures the average error. The smaller, the
better.

1 A
mag =151 |v, - v,

(6)

4. Experimental results

Historical data on Tesla stock is taken from Kaggle. Machine learning methods, linear regression,
Super vector regression (SVR), and random forest regressor models with one of the deep learning
methods LSTM are used to train the data and predict stock prices.

Fig. 2, Fig. 3, Fig. 4, Fig. 5 shows predicted and original stock prices of Tesla Inc. which has been
predicted using SVR, Random Forest regressor and long-short term memory (LSTM) respectively.
Considering the performance indicator of four models as summarized in table 2, linear regression is
the most effective strategy for the Tesla stock market.
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Fig. 2 Original stock value and the predicted values for Tesla based on the linear regression model

185



Highlights in Business, Economics and Management

EMFRM 2023

Volume 24 (2024)

1200

Close Price
— Original close price
—— Train predicted close price

1000 —— Test predicted close price
Y 800
&
§ 600
(2]
400
200
%r?oeo Ju/""\’o oq?"eo e <0, 40’20?1 J"/?"?J oq"oez e <02,
Date
Fig. 3 Original stock value and the predicted values for Tesla based on the SVR model
1200 Close Price
— Original close price
M —— Train predicted close price
1000 ——— Test predicted close price
\
! 800
a
$ 600
o
400
200 N
4 v/ (o) J 4 v/ O,
”’eoeo 720z, 20z, e”eoej 20, 0/9031 “20, 6’79022
Date
Fig. 4 Original stock value and the predicted values for Tesla based on random forest model
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Fig. 5 predicted and original stock prices of Tesla Inc. which has been predicted using LSTM

Table 2. performance for four models

Methods R"2 value RMSE MSE MAE

Linear Regresion 0.85 44.6 1989.1 34.7
Super Vector Regression 0.32 94.0 8843.0 76.1
RandomForest Regressor -1.76 189.5 32924.5 158.1
LSTM 0.26 97.9 9592.0 81.8
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5. Conclusion

This paper predicts Tesla's stocks by using four machine-learning techniques, linear regression,
SVR, random forest regression, and LSTM. The key findings include two folds. Firstly, each machine
learning algorithm performs differently on various data points. Secondly, linear regression is the most
effective strategy for the Tesla stock market. Tesla's stock price prediction for investors can use four
indicators to forecast future stock prices: R squared value, MSE, RMSE, and MAE. The stock closing
prices that were close to the initial values on the same days are predicted by the linear regression
model.

However, this study only used four models, and many other methods may be more effective. More
parameters can improve the accuracy of the evaluation. In the future, taking people's perspectives into
account and running them through models when training the system can improve the model's accuracy
for traders, investors, or stock market enthusiasts.
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