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Abstract: Big data analysis technology has gradually become a key trend in the development of the
financial industry in improving trading strategies of stocks and their derivatives. Through the col-
lection and in-depth analysis of a large amount of market information, investors can extract key
intelligence, so as to optimize their trading choices and enhance the implementation efficiency of
trading strategies. This paper explains the basic theory of price formation and risk management in
the stock and derivative markets, and then analyzes the diversified application of big data technol-
ogy in stock trading strategies, such as market prediction, stock screening, risk early warning model
construction and quantitative trading practices. Then it discusses the specific role of big data in the
field of derivatives trading, focusing on its application in the optimization of derivatives pricing
model, market risk management, arbitrage strategy formulation and market trend prediction.
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1. Introduction

Financial markets have evolved dramatically over the past few decades. The former
manual trading method has been replaced by today's highly intelligent and algorithmic
trading mechanism, and technological innovation has become an inexhaustible driving
force for market change. In equity investing, the decision-making process has moved be-
yond a framework based solely on corporate financial reporting and traditional funda-
mental analysis. Investors can now more accurately predict stock price movements and
quickly make investment decisions by deeply analyzing large amounts of market data,
social network information, news updates, and more. Traders in the derivatives market
also use big data analysis to improve pricing strategies, control risks, and explore arbi-
trage space. The emergence of data-driven investment models not only improves the ex-
ecution efficiency of trading strategies, but also significantly reduces the risk of market
volatility.

2. Theoretical Basis of Stock and Derivatives Trading
2.1. Pricing and Investment in the Stock Market

The pricing in the stock market is determined through complex market mechanisms
and information interactions, which are not only directly affected by market demand and
supply, but also influenced by the company's intrinsic value, economic environment, in-
vestor sentiment, and other multi-dimensional factors. According to the traditional effi-
cient market hypothesis, the trading price of a stock is regarded as a comprehensive rep-
resentation of all available information, and those unforeseeable price fluctuations are re-
garded as random events. However, in real trading, due to the existence of investors' men-
tality, poor information and other factors, the stock price will often deviate from its real
value, which creates arbitrage space for investors [1]. When investing in stocks, investors
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usually use a combination of fundamental analysis and technical analysis to predict the
movement of stock prices. Fundamental analysis mainly conducts in-depth research on
the company's financial reports, industry development status, and overall economic situ-
ation, with the purpose of assessing the true value of stocks. Technical analysis is to pre-
dict the future trend of stock price by studying the dynamic pattern of historical stock
price and trading volume [2].

2.2. Pricing and Risk Management of Derivatives Transactions

The trading mode of financial derivatives is a form of trading based on various basic
assets, such as stocks, bonds, physical commodities, etc. The pricing of these products is
influenced by the fluctuations of the underlying assets and other relevant market factors.
The types of derivatives commonly available in the market include futures, options and
swaps. When evaluating the value of these derivatives, mathematical models are often
used to calculate, among which the most famous is the Black-Scholes formula, which
mainly focuses on the pricing of options, and its calculation is based on variables such as
the price of the underlying asset, the strike price, the expiration time, the volatility and
the risk-free rate of return. In terms of risk management, derivatives trading can not only
help investors avoid risks, but also expose them to significant risks. In hedging operations,
investors aim to offset potential risks in the spot market through price changes in deriva-
tives. Effective risk management methods include stop loss orders, diversification and
hedging techniques. Instruments such as value at risk (VAR) and Greek letters such as
Delta and Gamma are often used to measure and manage market, liquidity and credit risk
in derivatives transactions [3].

3. Application of Big Data Analysis in Stock Trading Strategies
3.1. Big Data-Driven Market Prediction and Trend Identification

When trading stocks, anticipating market movements and tracking market trends
form a key part of the trading strategy. In the past, people relied on historical trading
records and chart patterns for technical analysis, but now, relying on the comprehensive
analysis technology of big data, we can obtain more accurate market forecasts and faster
reactions. The explosive growth of the amount of data makes the behavioral patterns of
the stock market more variable and complex, and the traditional analysis methods appear
to be inadequate. Therefore, big data analysis technology has emerged at a critical time
and has been widely applied to market trend analysis, market prediction, and investment
decision-making. This kind of prediction technology based on big data mainly relies on
machine learning programs, natural language processing technology, and sentiment anal-
ysis. They can conduct real-time analysis of a large amount of news information, social
media data, financial media content, and market data to mine key information, and then
predict stock price changes and future trends. For example, sentiment analysis tools can
quantitatively evaluate the sentiment value of financial news and analysis reports, reveal
the market's sentiment changes for specific stocks or industries, and then provide inves-
tors with more accurate trading strategy support. The following Table 1 shows the main
application areas of big data in market forecasting [4].

Table 1. Application Methods of Big Data in Market Forecasting.

Application field Concrete method Effect

Identify potential patterns and patterns
in the market to improve the accuracy of
trend prediction

Data mining and =~ Machine learning, deep
pattern recognition learning

Natural language pro-

. . , , Analyze changes in market sentiment
Sentiment analysis cessing (NLP), sentiment Y &

. and predict short-term price movements
analysis
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Identify long-term trends and cyclical

Time series data Time series analysis, . . .
fluctuations to provide sound invest-

analysis ARIMA model ..
ment decisions

Use social platform data to predict mar-
ket sentiment and identify potential mar-
ket changes in advance

Social media analy- Social media data capture,
sis emotion monitoring

With these technical methods, the deep mining of big data not only enhances the
accuracy of market trend prediction, but also allows investors to quickly insight into mar-
ket opportunities, and thus improve the operational plan of stock investment.

3.2. Application of Big Data in Stock Selection and Screening

In the work of stock selection and screening, advanced big data technology gives in-
vestors more comprehensive and precise decision support. Unlike traditional data sources
such as financial reports and technical indicators, big data can integrate and process di-
versified data resources, including real-time stock market transaction information, corpo-
rate announcements, media news, and discussions on social networks, thus providing in-
vestors with a richer set of information. With big data technology, investors can collect
and analyze huge amounts of information in real time to uncover potential investment
value. First of all, big data technology will use crawlers, APl interfaces and other methods
to collect data from multiple channels, such as corporate financial statements, real-time
changes in stock market prices, the latest news of the industry and investor sentiment
fluctuations [5]. The collected data is often unstructured and must be cleaned, prepro-
cessed, and converted into a standardized data format to facilitate subsequent analysis.
Then, through machine learning and natural language analysis techniques, the system is
able to extract key features from a wide range of data. Figure 1 below shows the flow of
big data in stock screening.

5 Data . Feature extraction and
Data collection ata preprocessing analysis

l (Cleaning, conversion,

(Multi-source data) standardization)

(Sentiment analysis,
quan a e ana i

. Model construction and
Decision support

| screening
(Trading strategy Advice)

(Machine learning model)

Figure 1. Application Process of Big Data in Stock Screening.

Through this process, investors are not limited to using traditional financial indica-
tors for evaluation, but can also use the real-time analysis function of big data to gain
insight into the subtle fluctuations of the market, and then implement more accurate in-
vestment choices.

3.3. Application of Big Data Analysis in Risk Prediction Model

In the trading of stocks and derivatives, risk management is the core of strategy. With
the rapid progress of big data technology, the old risk management methods have gradu-
ally been replaced by data-based risk prediction algorithms. These algorithms help traders
accurately identify potential risks in the market and respond quickly through comprehen-
sive analysis of diversified information such as historical trading data, market sentiment
fluctuations, and macroeconomic indicators. The application of big data in risk prediction
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shows its unique advantages, such as the use of machine learning algorithms (decision
trees, support vector machines, deep neural networks) to independently analyze a large
number of historical market data and dig out the risk characteristics of the market. These
algorithms can effectively predict the market's future volatility trends, price movements,
and potential risk exposure. By integrating multiple factors such as market price dynamics,
trading volume changes, and macroeconomic indicators, machine learning algorithms can
provide investors with accurate risk prediction services in a volatile market environment.
Table 2 below shows several common risk prediction models and their characteristics.

Table 2. Common Risk Prediction Models and Their Characteristics.

Model type Peculiarity Application field Advantage
Machine  Automatically identify mar-

Stock, futures, op- Handles large amounts of

learnin ket patterns and predict fu-
& P P tions trading ~ data and optimizes itself

model ture price fluctuations
Emotion . . Stock market, for- .
. Predict market sentiment ) Reflect market sentiment
analysis eign exchange

and risk through text data changes in real time

model market
Multifactor Multifactor regression analy- Securities portfo- Precise quantification of
regression  sis of asset price risk expo-  lio, risk assess-  risk exposure for a wide

model sure ment range of applications

Relying on the risk prediction model driven by big data, investors can find potential
risks in advance in the rapidly changing market, and then implement appropriate risk
management methods according to the forecast data, so as to effectively manage invest-
ment risks and improve trading decisions.

3.4. Application of Big Data in Quantitative Trading and Strategy

Quantitative trading relies on advanced computer programs and mathematical mod-
els to automate trading decisions, aiming to improve the efficiency of trading by mining
market information. Under this framework, the use of large-scale data is crucial, which
provides sufficient data resources for improving trading strategies. In the field of quanti-
tative trading, the main function of large-scale data is concentrated on the collection and
analysis of information. The financial market is filled with a large amount of financial
information, such as historical transaction prices, turnover, macroeconomic data, corpo-
rate financial reports, etc. Traditional manual analysis is difficult to digest this information
efficiently, while large-scale data processing technology can quickly capture and analyze
these complex data, laying a solid foundation for trading strategies. Digging deep into
these data, quantitative strategies can uncover deeper patterns and movements in the
market, thereby enhancing the accuracy of forecasts. In addition, with the help of machine
learning and deep learning algorithms, extracting potential signals from data becomes a
reality.

4. Application of Big Data Analytics in Derivatives Trading Strategies
4.1. Optimization of Derivative Pricing Model

How derivatives are priced is a central issue in the world of financial engineering.
Conventional pricing methods are often based on classical mathematical theories, such as
Black-Scholes models, but these traditional models are unable to cope with the non-linear
characteristics of the market and volatility changes. With the rise of big data technology,
using its analytical ability to improve the pricing mechanism of derivatives has gradually
become an innovative method in the financial industry. Through the in-depth mining of
past market data, investors can more accurately grasp the law of derivative price fluctua-
tions, and then improve pricing strategies. Thanks to big data technology, we are able to
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take into account more influential factors and characteristics, such as macroeconomic in-
dicators, industry development trends, market sentiment, etc., to build more refined de-
rivative pricing models. Black-Scholes option pricing model formula:

C=S, N(dy)—Ke™" -N(dy) (1)

Among them, C is the option price, S, Current price of the underlying asset, K is
the option exercise price, r is the risk-free rate, T is the expiration time of the option,
N(-) is the cumulative distribution function of the standard normal distribution, d; and
d,. They are:

2
_ ln(So/K);—\g;+a /Z)T, dy = d, — T ()

In the traditional model, volatility is usually treated as a fixed value. However, using
big data analysis, dynamic adjustments to volatility can be made with real-time market
data and historical price data for more accurate pricing. This dynamic adjustment method
not only improves the accuracy of the pricing model, but also captures the sudden changes
in the market, so that the pricing of derivatives is more in line with the actual market
conditions.

dy

4.2. Derivatives Market Risk Management

Risk management in the derivatives market plays an important role in the trading
strategy. With the help of advanced big data analysis technology, financial institutions
can gain a deeper insight into market risks and implement effective countermeasures. By
collecting and analyzing vast amounts of market transaction information, investor behav-
ior, and macroeconomic indicators, financial institutions can assess risk more accurately
and in real time. Big data analysis technology strengthens the ability to monitor and pre-
dict market volatility. By processing data such as historical price, volume, and money flow,
machine learning algorithms can reveal patterns of price movements, abnormal fluctua-
tions, and potential risks. This has led to improvements in derivatives pricing models that
allow them to reflect market dynamics more flexibly, thereby improving the accuracy of
risk warnings and the timeliness of adjustments. By exploring the interrelationships be-
tween different derivatives, investors can find the most appropriate hedging strategy in
asset portfolio management to reduce market risk. In the options and futures markets,
investors can use big data analysis to determine the appropriate hedging ratio to mitigate
the impact of market fluctuations on the portfolio and ensure the robustness of the port-
folio. In the field of quantitative risk management, big data analysis provides strong data
support for the construction and improvement of risk control models.

4.3. Arbitrage Strateqy Based on Big Data

An arbitrage strategy is a strategy of low-risk trading by taking advantage of market
price differences. In the field of financial derivatives, arbitrage techniques based on big
data have been widely used, especially in futures, options and other markets. With big
data technology, traders can track and analyze key indicators such as price dynamics,
trade size and market depth across markets in real time to explore arbitrage potential.
Specifically, arbitrage methods based on big data can be roughly divided into several
forms such as cross-market arbitrage, cross-variety arbitrage and time series arbitrage. Big
data analytics can quickly process information from different exchanges and catch anom-
alies in price movements in real time, thus seizing fleeting arbitrage opportunities. With
the advancement of machine learning and artificial intelligence technology, arbitrage
methods based on big data can more accurately mine complex connections and potential
irrational factors in the market, thereby improving the success rate of arbitrage strategies.
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4.4. Market Forecasting in Derivatives Transactions

When trading derivatives, market prediction is a core part of building an efficient
trading strategy. The use of massive data analysis, including the collection of past market
data, real-time trading dynamics, and various peripheral information (such as social plat-
forms and news), provides sufficient data support for prediction algorithms, assisting in-
vestors in grasping market dynamics more accurately. Common techniques for market
prediction include machine learning programs and time series analysis. In machine learn-
ing, investors can train regression models based on historical data to predict possible fu-
ture changes in the price of derivatives. The linear regression model can be expressed as:

Po = Bo+ BiXe—1 + BoXi—p + -+ BrXintETL 3)

Among them, P, representative time ¢ Moment derivatives prices, X;_y, X;—3, ...,
X;_ is the historical data that affects price changes, By, S, ..., fn is the regression coef-
ficient, € t is the error term. In addition, time series analysis methods such as the auto-
regressive integrated moving average (ARIMA) model predict future prices by capturing
temporal patterns and autocorrelations in price changes. The basic ARIMA model is ex-
pressed as:

Vi=c+oVii+@Y o+ +@,Y p+0,€4+0, €+ +0, €_,+E; (4)
Among them, Y, is timetThe price of the moment, ¢, is white noise, @, ..., @,.It's
an autoregressive coefficient, 6;, ..., 8,. It's the moving average coefficient. Through
these predictive models, traders can effectively capture the trend changes of the market
and make more scientific trading decisions, thus improving the success rate of derivatives

trading.

5. Conclusion

In the field of equities and derivatives, big data technology has played a significant
role in promoting the innovation and improvement of trading tactics. Through in-depth
mining of a large amount of market information, investors can more accurately implement
market prediction, asset allocation and risk control, and then enhance the rationality and
efficiency of trading choices. In stock trading, big data technology effectively promotes
trend identification and stock screening, and enhances the implementation of quantitative
trading strategies. In derivatives trading, big data technology provides a new perspective
and solution for the improvement of price models, market risk monitoring and the for-
mulation of arbitrage strategies. With the continuous development of artificial intelligence
and machine learning technology, big data will be more widely used in the financial field
in the future, helping investors better adapt to the changing and complex financial market

conditions.
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