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Abstract. In this paper, I use the XGboost algorithm model with parameters
controlled by the Grid SearchCV search algorithm to forecast stock prices based on
the daily time series characteristics of stocks. The results of the model demonstrate
that by using a computer algorithm to analyze stock price information with a
large amount of data, the model is able to capture the high-frequency time series
fluctuation trend of the stock more accurately under control of overfitting and
underfitting, and thus can obtain more accurate prediction results about the stock
price.
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1 Introduction

Since the 1960s, the introduction of the CAPM model has provided a clear understanding
of the relationship between assets and returns, and then various factor models began to
be introduced into the practice of asset pricing, the most famous of which is the three-
factor model [3]. The core idea of this model is to identify the characteristic factors that
can explain the asset returns by looking at the data characteristics. Nowadays, with the
booming of financial markets, the characteristic factors that could explain asset returns
in the past often no longer work, and because of the proliferation of data, simple financial
models can no longer meet the requirements of the current big data era, so we need to
find new factors that can explain asset returns, and use new algorithms that meet the
requirements of the big data era to predict the price of assets and explain returns. We
need to find new methods and explanatory perspectives for asset price prediction and
return interpretation using new algorithms that meet the requirements of the Big Data
era.

In recent years, the development and maturity of machine learning algorithms have
provided new perspectives and methods to analyze and solve financial and economic
problems, and the use of computer algorithms to solve financial and economic prob-
lems has gradually become a hot topic in academia. In this paper, we will use XGboost
algorithm to simulate and predict stock prices, aiming to provide a new method for
analyzing and predicting stock prices. eXtreme Gradient Boosting (XGBoost) is an
algorithm based on GBDT. The basic idea of XGBoost is the same as GBDT, but with
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some optimizations, such as second-order derivatives to make the loss function more
accurate. The regular term avoids tree overfitting; block storage allows parallel compu-
tation, etc. XGBoost is efficient, flexible, and lightweight, and is widely used in data
mining, recommendation systems, etc. [1] formally proposed the XGboost algorithm.
The basic idea of XGBoost is the same as GBDT, but it makes many optimizations. With
the continuous development of algorithm technology, the use of computer algorithms to
solve economic management problems has now become a mature technical tool. This is
exactly why this paper chooses to use the XGboost algorithm for stock price prediction.
The sections of the article are organized as follows, Sect. 1 introduces the model, Sect. 2
presents the reasons for the selection of data parameters, Sect. 3 is the model test, and
Sect. 4 is the conclusion.

2 Models and Parameters

2.1 Model Introduction

XGboost uses a presentation of the second-order Taylor formula and adds a regular term,
which is a control of the tree complexity and prevents overfitting. For handling missing
values, the algorithm tries to decide a default direction for handling missing values by
enumerating whether it is better for all missing values to go into the left subtree at the
current node, or into the right subtree. The most time-consuming part of a single weak
learner is the splitting process of the decision tree, which can be selected in parallel
using multiple threads for splitting points with different features. XGboost will order
the samples in advance according to the size of the features before parallel processing,
and by default they are placed in the right subtree, and then recursively take out one
sample from small to large and put it into the left subtree, and then calculate the gain
based on the then calculate the size of the gain based on the splitting point, and then
record and update the largest gain splitting point.
The core algorithmic idea of XGBoost is to.

1. keep adding trees i.e. keep learning a new function f(x) to fit the residuals of the last
prediction.

2. Training is completed to get k trees, according to the characteristics of the sample,
in each tree will fall to the corresponding a leaf node, each leaf node corresponds to
a score.

3. Finally, the scores corresponding to each tree are added up to the predicted value
of the sample. Please remember that all the papers must be in English and without
orthographic errors.

The XGBoost objective function is defined as:
0B/ = 3" (i3 + £t ) + Qh) + con
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where Q(f) = yT + %)Lllwll2 which is the complexity of the tree.
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The objective function consists of two parts, the first part is used to measure the
difference between the predicted score and the true score, and the other part is the regu-
larization term. The regularization term also contains two parts, T denotes the number of
leaf nodes and w denotes the fraction of leaf nodes. y controls the number of leaf nodes
and A controls the fraction of leaf nodes from being too large to prevent overfitting. The
newly generated tree is intended to fit the residuals of the last prediction, i.e., when t
trees are generated, the predicted fraction can be written as:
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After the parameters are substituted and Taylor expansion is performed, the objective
function becomes:
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Forecasting indicators using the XGboost algorithm has gradually become a mature
technical tool, but there is still much room for improvement in using machine learning
algorithms to predict financial asset prices. The reason for this situation is that the market
used to generally believe that there was a tight economic logic behind financial asset
prices and that analytical data alone could not overcome rational markets. It is more
important for investors to have theoretical analysis of financial assets from an economic
perspective and to judge the laws behind their operation in order to gain returns.

However, in recent years, with the development of behavioral finance, people found
that the market is not as rational as the traditional doctrine describes, most investors
have irrational investment behavior, using the rational market hypothesis to analyze the
behavior of asset prices instead of gaining returns. In this case, using machine learning
algorithms to analyze financial big data for prediction can get better results [4]. The
reason for this is that the irrational behavior of investors in the market and the lack
of professional financial knowledge of most people lead to the fact that most people’s
investment behavior is to follow the up and down trends rather than to analyze the
economic logic. The use of computer algorithms to analyze trends will be more scientific
and accurate than the judgment of ordinary people. Therefore, the use of algorithms for
price forecasting of financial assets is not simply analyzing data, but has a scientific logic
behind it that is supported by behavioral finance that is in vogue today.

The use of time series features to predict stock prices is an improvement on the
theoretical analysis taken in the past to predict stock prices. The refined calculation of
the algorithm and the processing of big data information allow the time series trend
characteristics of stock prices to be further revealed. For daily stock prices with short
transition period and unstable volatility, the previous rough analysis can no longer meet
the needs of the times if forecasting is to be achieved. Time series features can strongly
capture the ups and downs waves of stock prices. The idea of using the XGboost algo-
rithm to predict stocks is to use the time series function of stocks as a feature factor,
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to continuously learn the stock’s decision on time series fluctuations, and to eventually
form a function that can predict stock prices through machine learning and optimization.

2.2 Parameter Selection

2.2.1 Algorithm Parameters

When using the XGboost algorithm, we need to set the parameter seeking parameters,
according to the characteristics of the stock price, the parameters set in this paper are
shown in Table 1. The meanings of the parameters are: n_estimators: the number of weak
learners; max_depth: the depth of the tree; min_child_weight: the weight threshold of
the smallest node, less than this value, the node will not split again; gamma: the node
splitting brings loss minimum threshold, we use the difference of the objective function
to calculate the gain, less than this threshold, the node will not split again; learning_rate:
control the weight reduction coefficient of each weak learner; this coefficient will be
multiplied by the weight value of the leaf nodes, it is used to weaken the influence of
each tree. If the learning rate is small, the number of corresponding weak learners should
be increased.

2.2.2 Predictive Index Selection

Before performing the model prediction, we need to perform the selection of data indi-
cators to constitute the characteristic factors of the algorithm so. The data parameters

Table 1. Parameter seek optimization settings (Table credit: Original)

n_estimators [100, 200, 300, 400]
learning_rate [0.001, 0.005, 0.01, 0.05]
max_depth [8, 10, 12, 15]

Gamma [0.001, 0.005, 0.01, 0.02]
random_state [42, 43, 44, 45]

Table 2. Predictive index (Table credit: Original)

EMA_9 Stock price index weighted moving average 9-day data

SMA_S Stock short-term average moving line 5-day data

SMA_15 Short-term average stock price moving line 15-day data

SMA-30 Short-term average stock price moving line 30-day data

RSI SMA(MAX(Close-LastClose,0),N,1)/SMA(ABS(Close-LastClose),N,1)*100
MACD EMA12-EMA26
MACD Moving average of ewm index weights for MACD with a span of 9 days

SIGNAL
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used in this paper are the daily opening price, closing price, high price, low price and the
total number of daily stock indicators of the stock. These data are the key data to form
the feature factors, and the composition of the feature factors will be labeled in Table 2.

In this paper, these indicators are selected as the characteristic factors for stock price
prediction for the following reasons. Compared to the multi-factor model, which is based
on the explanation of asset returns, the model is constructed by selecting all the company
fundamentals and other characteristic factors, and the price forecast tends to be more
short term, which has higher requirements on the time series trend of the data. The use
of time series data results in better approximation of the model when using the XGboost
model to predict stock prices [7].

In addition, the relative strength indicator RSI is a technical curve based on the ratio
of the sum of up points and down points in a certain period of time. RSI indicator is
effective for stock price prediction based on investment strategies [2].

It reflects the level of market sentiment over a certain period of time. It was first
developed by Welles Wilder. It was first applied to futures trading by Wells Wilde, but
later it was found that among the many technical analysis of charts, the theory and
practice of the Strength and Weakness Indicator is extremely suitable for short-term
investment in the stock market, so it was used in the measurement and analysis of stock
ups and downs. The analysis indicator is designed to reflect the strength of the price
trend with three lines. This graph can provide investors with a basis for operation and is
ideal for short term spread operations.

3 Model Training Process

Figure 1 illustrates the daily closing prices of a set of stocks and the decomposition of
the daily closing of the stocks by taking the decompose function, resulting in a trend,
seasonality and residual plot of the stock prices.

We can see that the trend of this group of stock prices first rises and then tends to
fall, which is consistent with the rules of time series, and the stock prices have obvious
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Fig. 1. Price Decompose (photo credit: Original)
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seasonality and the residuals tend to be smooth. Therefore, this set of stock data is
suitable to be used for price prediction model training.

In the second section on parameters, we give the range of parameters required for
the XGboost algorithm decision tree. In order to avoid underfitting or overfitting due
to artificially specified parameters, we need to tune the parameters. Grid SearchCV is
an efficient way to handle the task of tuning parameters. grid search as a tuning tool
is characterized by exhaustive search: it tries every possible parameter among all the
candidates, and the best performing parameter is the final result. The principle is like
finding the maximum value in an array. The main disadvantage of this method is that it
is more time consuming, but it guarantees the accuracy and validity of the results. It will
give an evaluation based on the search results of different parameters and finally give
an optimal result according to the parameter range that fits the model. Grid Search can
effectively improve the accuracy of the model and optimize the model performance [5].

More importantly, the optimization algorithm not only adjusts the parameters of the
decision tree required by the XGboost algorithm, but it also analyzes and evaluates the
values of the function features needed for XGboost regression, i.e., a series of time series
data used to represent stock price features in this paper, and gives the importance of each
indicator to the model so that we can have an important role in the data on which features
can better help us make stock price predictions.

The results of the parameters of the search algorithm are given in Table 3, while the
importance analysis of the metrics in Table 2 is given in Fig. 2, which is all the result of
Grid SearchCV.

For the stock price time period given in Fig. 1, the model is set to have the first 70%
as the training set, the middle 15% as the validation set, and the second 15% as the test
set. The predicted results with importance display plots can be derived based on the
merit-seeking parameters, which are shown in Fig. 2 and Fig. 3, respectively.

As shown in Fig. 2 and Fig. 3, the XGboost algorithm with time series features has a
high accuracy and significance in predicting stock prices, and the RSIindicator has a high
importance in predicting stock prices as in the evaluation of indicators, which justifies
the use of the RSI indicator in predicting daily stock prices. Of course significantly
visible, the results cannot avoid some overfitting, probably due to the following reasons.

Table 3. Parameter Optimization Results (Table credit: Original)

Best params: ‘gamma’: 0.01,
‘learning_rate’: 0.01, ‘max_depth’: 8, ‘n_estimators’: 400,
‘random_state’: 42]

Best validation score —0.40314337083083407
y_true [5.895.82 5.79 5.69 5.79]
y_pred [5.132111 5.1830683

5.134022 5.134022 5.079282]
mean_squared_error 0.19183294968417305
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Fig. 2. Predicted results (photo credit: Original)
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using time series features to predict stock prices is a trend-focused approach, and
doing so cannot avoid economic fluctuations and unexpected financial events behind
the stock, such as operational changes in a listed company.

The range of parameters delineated is still narrow and a broader range should be
considered.

The selected stocks are episodic in nature, and more stock data are needed for
validation and training so that the model can be more optimized.
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It is undeniable that the XGboost algorithm has significant advantages and prospects
for predicting stock prices.

4 Conclusions

How to predict the price of financial assets such as stocks has always been an important
issue in economic management [6]. With the emergence of constantly developing theo-
ries and technologies, this problem has been solved in different ways at different times.
In the current era of big data, where the amount of information is exploding, more and
more computer algorithms are used to solve problems arising from economic manage-
ment activities. In this paper, the XGboost algorithm is used to forecast stock prices, and
the feature factors are chosen to represent the time series feature data of high-frequency
operation trends, while the parameter search method is used to ensure that the XGboost
model parameters are more accurate and avoid over-fitting and under-fitting phenom-
ena. The results of the model operations prove that using time series trends to predict
daily stock prices with high-frequency characteristics has high accuracy, and using the
XGboost algorithm to do forecasting can ensure fine and accurate processing of a large
amount of data, with better success in trend capture than previous theoretical analysis.
The model results in this paper further prove that using algorithms to deal with eco-
nomic management problems is a scientific and effective tool, and that using algorithms
to deal with problems will be an important trend in future economic management. We
have reasons to believe that in the future, more and more advanced algorithms will be
used to predict the prices of financial assets such as stocks and reveal more and more
scientific economic features behind these financial assets, so that people can better under-
stand the composition of asset prices, better understand the laws of the market, and can
have a better complementary perspective to traditional economic theories or create new
doctrinal theories. Also for market investors, more advanced technology can be more
effective in ensuring that they can achieve higher returns on their investments.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
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provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.
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