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ABSTRACT

This paper uses machine learning to examine how robots and algorithmic trading
have transformed stock market trend analysis. The main goals are to assess how
these sophisticated systems improve prediction accuracy, trading efficiency,
market liquidity, and their problems and policy consequences. The research
synthesizes academic, industrial, and technical literature using secondary sources.
Significant results show that robots and algorithmic trading have enhanced
trading speed, accuracy, and market efficiency while increasing market volatility
data quality and model overfitting issues. Machine learning improves trend
analysis by spotting complicated patterns and improving trading techniques.
These advances need solid regulatory frameworks to control risks, including
market instability and ethical issues. Policy implications include circuit breakers
and transparency standards to promote fair and stable markets. This study
emphasizes balancing technology innovation with regulation to provide a safe and
fair trade environment.
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INTRODUCTION

Robotics and algorithmic trading have transformed financial markets and stock market trend
research. Advanced computing and robots provide unparalleled data analysis, decision-
making, and trade efficiency. Integrating these technologies changes how market trends are
examined and acted upon as financial markets grow more complicated and turbulent
(Addimulam et al., 2020; Rodriguez et al., 2019). Algorithmic trading has revolutionized
finance by executing deals quickly and often. Algorithmic trading algorithms evaluate
massive volumes of market data, spot trends, and execute trades faster and more accurately
than humans (Addimulam et al., 2021; Thompson et al., 2019; Rodriguez et al., 2020). The
algorithms leverage short-term market inefficiencies, making them essential for
contemporary traders and investors.
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Robotics has impacted the financial industry with algorithmic trading. Robotics in trading
includes automated trade execution, portfolio management, and trading system interaction
(Asadullah et al., 2021). Trading techniques are more efficient and successful when robots
reduce human error and response time. The convergence of robots and algorithmic trading
has changed trend analysis. Trend analysis is increasingly using data instead of intuition and
historical data interpretation. This context highlights machine learning algorithms, a
component of Al (Boinapalli, 2020; Rahman, 2021). These algorithms can examine past data,
discern complicated patterns, and adjust to changing market circumstances in real-time,
delivering more dynamic and accurate market trend analysis.

Combining robotics and algorithmic trading with trend analysis allows for fast and accurate
processing of massive amounts of data. Financial markets create vast amounts of data every
second, which may confound experts. Advanced data processing algorithmic trading systems
can quickly evaluate this data, detect noteworthy patterns, and execute trades based on
predetermined criteria (Gummadi et al., 2020). Additionally, robots and algorithmic trading
may lead to more advanced trading methods. High-frequency trading (HFT) computers may
exploit minute price changes and arbitrage possibilities that conventional analysis cannot.
This lets traders take advantage of short-term market chances and boost profits.

Integrating these technologies presents numerous obstacles and concerns. The complexity of
algorithmic trading systems demands comprehensive testing and validation to assure
dependability and resilience (Nizamuddin et al., 2020). The rise of automated systems raises
worries about market stability and systemic hazards. Thus, legal frameworks are changing to
address these challenges and assure ethical and operational robotics and algorithmic trading.

Robotics and algorithmic trading advance stock market trend analysis. These technologies
improve data analysis, decision-making, and trading efficiency by merging powerful
algorithms with automated trading systems. Robotics and algorithmic trading in trend
analysis will grow as financial markets advance, pushing innovation and influencing financial
trade.

STATEMENT OF THE PROBLEM

Stock market trend research using robotics and algorithmic trading has transformed financial
market analysis and trading. Despite these advances, we still need help understanding and
using these technologies (Karanam et al., 2018; Kothapalli et al., 2019). This chapter discusses
the study's core concerns, research gaps, aims, and importance. Despite advances in robotics
and algorithmic trading systems, reset still needs to remain research gaps need to be filled. One
critical gap is the need for algorithmic trading strategy performance knowledge across market
situations. Research has shown that some algorithms work in stable markets, but their
effectiveness in volatile or economic downturns has yet to be discovered (Kundavaram et al.,
2018). While robots and automation have been proven to improve trading efficiency, there needs
to be more study on broad implementation's systemic risks and unforeseen repercussions.
Market stability, algorithmic trading's tendency to magnify market shocks, and automated
system decision-making's ethical implications are problems (Mohammed et al., 2017).

The interaction between machine learning algorithms and conventional financial analysis
methodologies is understudied. Machine learning can discover complicated patterns and
trends, but its integration with financial models needs to be studied more (Rahman, 2017).
Combining these methods may improve trend analysis. To fill research gaps, this study
examines robots and algorithmic trading in different market scenarios. This entails testing
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trading algorithms amid market volatility and stress and detecting risks and downsides.
Another goal is to examine how machine learning algorithms may improve trend analysis
and trading techniques when combined with standard financial analysis approaches. The
research explores the strengths and weaknesses of robots and algorithmic trading.

This research matters for several reasons. First, it adds to the efficacy and trustworthiness
debate on the algorithmic trading system, especially in different markets. The research also
helps traders, investors, and financial institutions improve their trading methods and risk
management by detecting algorithm performance under extreme volatility. Second, effective
regulatory frameworks must address systemic risks and ethical issues related to robots and
algorithmic trading. Understanding the ramifications of broad trading automation may help
policymakers and regulators balance innovation, market stability, and ethics.

Finally, the work seeks to enhance trend analysis by integrating machine learning with
conventional methodologies. This study may lead to more advanced and accurate market
analysis tools for finance practitioners and academics. Studying robots and algorithmic
trading may fill research gaps, improve trading techniques, and educate regulatory policies.
If successful, this study will help us comprehend these technologies and their effects on stock
market trend analysis.

METHODOLOGY OF THE STUDY

This secondary data-based examination examines how robots and algorithmic trading affect
stock market trend analysis. The study reviews academic journal articles, industry reports,
and technical papers to determine algorithmic trading systems and robots' efficacy and limits.
Peer-reviewed articles, financial sector reports, and pertinent case studies give empirical and
theoretical data. The technique synthesizes study data to identify these technologies' trends,
performance indicators, and possible dangers. The research analyzes secondary data to
investigate how robots and algorithmic trading affect market analysis and trading techniques.
It integrates multiple views and identifies research needs for further study.

FOUNDATIONS OF ROBOTICS IN FINANCIAL TRADING

Robotics in financial trading change financial markets. This chapter covers robotics in
financial trading: its technology, applications, and market effects. Understanding these
foundations helps us comprehend how robots have changed trading.

The Evolution of Robotics in Trading

Financial trading robotics uses automated systems and robots to execute transactions, maintain
portfolios, and perform other trading tasks. The late 20th-century growth of computerized
trading platforms led to trade automation. Early systems executed transactions electronically
but were restricted. Technology has created advanced robotic systems for complicated trading
techniques and high-frequency trading (Lattemann et al., 2012). Trading robots have evolved to
improve speed, efficiency, and accuracy. Manual trading systems, which depended primarily
on human judgment and intervention, became unsuitable as markets became more complicated
and quick decision-making was needed. Robotics automated repetitious activities, reduced
human error, and executed transactions faster than humans.

Key Technologies and Components

Hardware and software underpin financial trading robots. Together, these technologies
automate trading operations and execute complicated trading strategies.
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. Algorithmic Trading Software: Trading robots rely on algorithmic trading software,
which executes trades based on specific parameters. These algorithms may follow
trend-following, arbitrage, and market-making techniques. Software crunches massive
market data in real-time, making split-second choices and automatically trading
(Pavone & Carpin, 2015).

o Robotic Process Automation (RPA): RPA uses software robots to undertake repetitive
activities traditionally done by humans. RPA can automate trading processes,
including data input, report production, and trade execution. RPA systems can
integrate with trade platforms and databases, saving time and money.

. High-Frequency Trading (HFT) Systems: HFT systems are specialized trading robots
that perform several deals quickly. Ultra-low latency technology gives these systems a
commercial advantage. HFT algorithms trade in milliseconds to exploit market
inefficiencies and minute price fluctuations.

o Artificial Intelligence (AI) and Machine Learning: Thanks to AI and machine
learning, trading robots can learn from past data, spot trends, and react to changing
market situations. ML algorithms may enhance trading tactics by evaluating large
datasets and finding patterns that older approaches may miss (Rahwan et al., 2019).

Applications and Use Cases

Robotics in financial trading has changed the industry with its many uses. Notable usage
examples include:

. Automated Trading Systems: These systems trade using algorithms and rules. Their
high-volume transaction capacity makes them excellent for high-frequency trading and
market-making. Institutional investors and hedge funds use automated trading
systems regularly (Bonadio et al., 2018).

. Algorithmic Execution: Algorithmic execution involves using algorithms to execute
large orders without affecting the market. An algorithm may break a large order into
smaller portions and execute them at various times to minimize price swings and avoid
disclosing the complete order amount to the market.

o Portfolio Management: Portfolio management uses robotic technology to rebalance
investment portfolios. Algorithms modify portfolio allocations depending on market
circumstances and investing objectives to assist investors in maximizing returns and risk.

. Risk Management: Robotics can improve risk management via real-time market
monitoring and trading strategy adjustments. Predefined risk thresholds might trigger
algorithms to hedge or quit bets (Wareham, 2016).

Impact on Market Dynamics

Robotics in financial trading have changed market dynamics. Increased market efficiency is a
significant influence. Automated systems analyze and respond to information quicker than
human traders, tightening bid-ask spreads and improving price discovery. Trading robots can
threaten market stability. Rapid transaction execution by automated systems may increase market
volatility, especially amid market stress. High-frequency trading algorithms have caused flash
crashes and other disruptions, underscoring the need for risk management and regulation.

Future Directions

Robotics in financial trading may grow as technology advances. Al and machine learning
integration, algorithmic improvements, and risk management tools may be coming.
Addressing trading robots' difficulties and hazards requires continual study and regulation.
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Figure 1: Adoption of Robotics in Different Financial Sectors

The Figure 1 bar graph shows the proportion of businesses in each financial sector
incorporating robotic systems into their trading or operational procedures. It also shows the
adoption rates of robotics across several financial industries, including retail banking,
investment banking, hedge funds, asset management, and insurance. The foundations of
financial trading robots include technology and applications that have transformed market
operations. Understanding these foundations helps explain how robots have changed trading
and shows the possibility for future advancements in this dynamic area.

ALGORITHMIC TRADING STRATEGIES AND MARKET IMPACT

Algorithmic trading has transformed financial markets using automated and computer
tactics. This chapter discusses algorithmic trading methods, their operations, and market
dynamics. Understanding these tactics and their effects shows how algorithmic trading has
changed stock market trend research and trading.

Overview of Algorithmic Trading Strategies

Algorithmic trading techniques automate trading by executing transactions based on rules
and criteria. Simple rule-based systems and complicated machine-learning models are
examples. Our main objective is to quickly and precisely exploit market opportunities with
little human participation. Key algorithmic trading strategies:

. Trend Following: Trend-following tactics capitalize on stock price changes.
Algorithms discover patterns using historical price data and technical indicators like
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moving averages and momentum indicators. The algorithm buys during uptrends and
sells during downtrends. This approach assumes trends remain, creating profit
possibilities (Davis et al., 2013).

Mean Reversion: Mean reversion tactics assume stock prices will return to their
historical averages. When a stock's price deviates considerably from its historical mean,
algorithms trade to benefit from the reversal. The program may purchase a stock if its
price falls much below its historical average, anticipating it to increase. If the price
increases far above average, the algorithm may sell, expecting a drop.

Arbitrage: Arbitrage methods profit from price differences between connected assets
or marketplaces. Strategies include purchasing a security in an inexpensive market and
selling it in an overpriced market. Arbitrage opportunities may be found and exploited
by algorithms before prices are correct. Statistical arbitrage uses models to find
mispricings and cross-asset arbitrage trade-linked assets.

Market Making: Market makers quote buy and sell prices for securities to provide
liquidity. They earn from the bid-ask spread. Market-making techniques balance
inventory, risk, and bid-ask spreads using algorithms. This method ensures market
liquidity and efficiency, especially for less liquid assets.

High-Frequency Trading (HFT): HFT techniques execute several transactions quickly.
HFT algorithms exploit short-term price swings using ultra-low latency technologies
to obtain a competitive edge. Statistical arbitrage, liquidity provision, and trend
tracking are standard techniques. Financial markets are dominated by HFT, which
increases trade volumes and price discovery (Altafini, 2016).

Table 1: Comparative summary of performance indicators, the relative advantages and
disadvantages of the various algorithmic trading techniques
Metric Trend Mean Arbitrage Market High-
Following | Reversion Making Frequency
Trading
(HFT)
Strategy Capitalize | Profit from | Exploit price | Provide Profit from
Objective on price discrepancies| liquidity and | short-term
sustained | reversions profit from | price
trends the spre movements
Typical Moving Mean Statistical Quoting Event-Driven
Algorithms Averages, | Reversion | Arbitrage, Models, Algorithms,
Momentum| Models, Pair Trading | Inventory Statistical
Indicators | Statistical Management | Arbitrage
Arbitrage
Execution Speed | Medium to | Medium to | Fast Fast Ultra-fast
Fast Fast
Profitability Moderate to| Moderate to| High Moderate to | High
High High High
Maximum Moderate | Moderate | Low Low Low to
Drawdown Moderate
Trading Volume | Moderate | Moderate | Low to High Very High
Moderate
Impact on Bid- | Reduced Reduced Minimal Tightened Tightened
Ask Spread
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Market Impact of Algorithmic Trading

Financial market behavior and dynamics have been significantly impacted by algorithmic
trading:

o Increased Market Efficiency: Algorithmic trading improves trade execution speed and
accuracy, increasing market efficiency. Price discovery and bid-ask spreads are quicker
and tighter when algorithms analyze massive volumes of market data in real-time. This
efficiency gives traders and investors more accurate and fast market information
(Giunta & Benedetto, 2012).

o Enhanced Liquidity: Market liquidity has grown due to algorithmic trading, notably
market making and HFT methods. The algorithm guarantees transactions have a
counterparty by constantly quoting buy and sell prices. Increased liquidity lowers
trading costs and smooths price swings, benefitting institutional and ordinary
investors.

. Increased Volatility: While algorithmic trading has boosted market efficiency, it has
also increased volatility. High-frequency trading algorithms may cause substantial
price changes, particularly amid market stress. Flash collapses like the one in May 2010,
which shows how algorithms may increase market volatility and price swings.

. Market Fragmentation: The growth of algorithmic trading has fragmented the market,
with trading activity distributed across several exchanges and venues. This
fragmentation makes it harder for traders to get liquidity and may cause price
differences among venues. Fragmentation may boost competitiveness and efficiency,
but complicated algorithms are needed to access various trading platforms.

. Regulatory and Ethical Considerations: The rise of algorithmic trading raises ethical
and regulatory concerns. Regulators have deployed circuit breakers to stop algorithmic
trading during significant price swings. The potential for algorithms to manipulate or
unfairly benefit market players raises ethical considerations. Current research and
regulation strive to reconcile innovation with market integrity and justice (Beal, 2016).

Future Directions and Innovations

Technology and research drive new algorithmic trading advances. Advanced machine
learning methods like deep and reinforcement learning might improve algorithmic decision-
making. More advanced risk management techniques and regulatory frameworks are needed
to meet algorithmic trading issues and concerns. Algorithmic trading tactics have
transformed financial markets, creating new profit and efficiency potential. These tactics have
improved market efficiency and liquidity and exacerbated volatility and fragmentation. To
navigate the new trading environment and ensure financial market progress, one must
understand algorithmic trading and its market influence.

INTEGRATING MACHINE LEARNING FOR TREND ANALYSIS

Machine learning (ML) in stock market trend analysis advances algorithmic trading. Machine
learning algorithms can analyze large volumes of data, find complicated patterns, and make
accurate predictions. This chapter discusses how machine learning changes trend analysis,
ML approaches, trading strategies, and market behavior.

Machine Learning Techniques in Trend Analysis

Machine learning methods and techniques may be used for trend analysis. Several types of
these methods provide different benefits for market trend analysis and price prediction:
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. Supervised Learning: Supervised learning uses previous data to predict future events
by training algorithms using labeled data. Many supervised learning methods use
regression analysis, decision trees, and support vector machines. Supervised learning
algorithms can anticipate stock values using historical patterns and technical data.
Regression models can predict prices using past price data and market indicators,
whereas decision trees may categorize market conditions by trend.

o Unsupervised Learning: Unsupervised learning algorithms identify hidden data
patterns or groups without labels. Clustering and PCA are used to find statistical
correlations and trends in market variables. Clustering algorithms assist analysts in
comprehending market structures and trends by grouping comparable stocks or
market circumstances. PCA reduces data dimensionality and highlights market-
moving elements.

. Reinforcement Learning: Reinforcement learning (RL) trains algorithms to make trial-
and-error judgments and receive incentives or punishments. RL algorithms can
improve trading strategies by learning from prior transactions and modifying their
behavior to maximize profits. RL algorithms may change their trading approach
depending on incentives and penalties for successful and failed transactions,
enhancing their performance over time.

. Deep Learning: This subset of machine learning uses multi-layered neural networks
to model complicated data interactions. Deep learning methods like CNNs and RNNs
are ideal for time series data analysis and pattern detection. CNNs can recognize
characteristics in historical price charts, whereas RNNs, particularly LSTM networks,
can capture price patterns and temporal relationships.

Applications of Machine Learning in Trend Analysis
Machine learning improves trend analysis and trading techniques. Notable uses include:

o Predictive Modeling: Using historical data and technical indicators, machine learning
algorithms can anticipate stock prices and market trends. Regression models predict
prices using previous trends and patterns. Deep learning algorithms can examine
complicated market component interactions to anticipate price changes more
accurately (Nagrath et al., 2016).

. Sentiment Analysis: Machine learning processes enormous amounts of textual data
from news stories, social media, and financial reports to evaluate market sentiment.
Investor sentiment and market movements may be assessed using NLP algorithms.
Sentiment research may reveal stock price fluctuations by identifying positive or
negative sentiment.

. Anomaly Detection: Machine learning algorithms can identify market data
abnormalities that may indicate trading opportunities or hazards. Anomaly detection
helps traders respond rapidly to trends and market disruptions by detecting abrupt
price fluctuations, unexpected trading volumes, or departures from previous patterns.

o Algorithmic Trading Strategies: Machine learning may optimize trading rules and
parameters to improve algorithmic trading methods. Reinforcement learning systems
can create market-adaptive trading strategies. Using real-time data, machine learning
models may improve trading algorithms' accuracy and performance.

Challenges and Considerations

Machine learning in trend analysis has several advantages but also some drawbacks:
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° Data Quality and Quantity: Machine learning algorithms need high-quality, massive
data sets to make accurate predictions. Incomplete or noisy data might influence ML
model performance and reliability. Successful trading machine-learning applications
require reliable and complete data.

o Overfitting and Model Complexity: Machine learning models may overfit previous
data and perform poorly on fresh data. Avoiding overfitting and ensuring accurate
predictions requires balancing model complexity and generalization.

. Interpretability and Transparency: Many machine learning models, intense learning
models, are "black boxes," making their decision-making processes challenging to
comprehend. Building confidence in ML models and understanding trade choices
requires interpretability and transparency.

. Ethical and Regulatory Considerations: Machine learning in trading raises ethical and
regulatory issues regarding market manipulation, fairness, and systemic dangers.
Regulatory frameworks are changing to address these challenges and assure ethical
and operational ML trading applications.

Future Directions

Algorithmic and data processing advances are anticipated to boost machine learning in trend
analysis. Explainable AI, better data sources, and better regulations will influence trading
machine learning applications. As technology advances, machine learning will become more
critical in market trend analysis and algorithmic trading innovation. Modern stock market
trend analysis using machine learning has transformed trading by forecasting market moves
and improving methods. Machine learning might improve trend identification and trading
accuracy, ushering in a new age in financial market analysis despite its obstacles.

Historical Price Data
Socfal Media Sentiment
Economic Indicators
News Events

Figure 2: Proportion of Data Types Used in Trend Analysis

Figure 2 shows the percentage of data types utilized in machine learning trend analysis
models. Historical pricing data, social media sentiment, economic indicators, and news events
are included. Each slice of the pie represents the proportion contribution of a data category,
showing how trend analysis weights various sources.
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MAJOR FINDINGS

Numerous studies have shown that using robotics and algorithmic trading with machine
learning has transformed stock market trend research. This chapter summarizes robotics,
algorithmic trading tactics, and machine learning results.

Enhanced Efficiency and Speed: A key result is that Robotics and algorithmic trading boost
trade efficiency and speed. High-frequency trading (HFT) algorithms and market-
making robots conduct deals quickly and precisely. Improved efficiency has led to
narrower bid-ask spreads, faster price discovery, and the capacity to handle vast
amounts of deals that humans cannot. Automating repetitious procedures and
eliminating human error have improved trading reliability.

Advanced Trend Analysis Capabilities: Machine learning analysis has transformed market
trend identification and analysis. Machine learning methods, including supervised,
unsupervised, and deep learning, may recognize complicated patterns and better
forecast price movements. Traditional approaches cannot predict market patterns as
accurately as these new algorithms can evaluate massive volumes of historical and
real-time data. Deep learning models like RNNs can capture temporal connections and
anticipate price trends from previous data.

Improved Predictive Accuracy: Machine learning algorithms have significantly improved trend
analysis prediction. Regression analysis and reinforcement learning improve stock price
forecasting and trading possibilities. Machine learning models may enhance trading tactics
by using past data and responding to market situations. Thanks to massive dataset analysis
and hidden patterns, trading decisions are becoming more data-driven.

Increased Market Liquidity and Efficiency: Market liquidity and efficiency have grown due
to algorithmic trading tactics, especially market making and liquidity provision. These
algorithms keep transactions going by constantly quoting buy and sell prices, lowering
trading costs, and smoothing price swings. Institutional and ordinary investors gain
from improved liquidity, making markets more stable and efficient.

Challenges of Volatility and Market Impact: Algorithmic trading and machine learning have
brought advantages, but market volatility have also caused problems. Price volatility and
sudden market moves might result from high-frequency trading algorithms. Flash crashes
and other disruptions have shown the necessity for effective risk management and
regulatory monitoring to prevent trading system effects on market stability.

Ethical and Regulatory Considerations: Advanced trading technology presents ethical and
regulatory issues. Regulations must address market manipulation, fairness, and systemic
dangers. Maintaining market integrity and investor protection requires ethical and
regulatory compliance in algorithmic trading and machine learning applications.

Future Directions and Innovations: Future trade prospects are bright as robots and machine
learning advance. Explainable Al, data processing, and regulatory reforms will
increase trend research and trading tactics. Machine intelligence and robots will
increasingly shape financial markets as technology advances.

The results show how robots and algorithmic trading have changed stock market trend
research. Increasing efficiency, predictive accuracy, and market liquidity raise volatility and
ethical and regulatory concerns. These results illuminate trading tools' existing and future
possibilities in the contemporary financial scene.
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CONCLUSION

Integrating robots and algorithmic trading into stock market trend research has
revolutionized financial trading with unparalleled efficiency, speed, and complexity.
Advanced trading algorithms and machine learning have transformed market trend analysis,
improving predicted accuracy and trading tactics. Machine learning algorithms—supervised,
unsupervised, and deep learning—can recognize complicated patterns and predict market
movements more accurately, improving trend analysis. Processing massive volumes of data
in real-time has also improved trading tactics, decision-making, and performance. However,
these advances present significant obstacles. Fast algorithmic trading may increase market
volatility, and machine learning models need high-quality data. Innovation and regulation
must be balanced due to overfitting and ethical considerations. Policy implications emphasize
increased regulatory control to address automated trading system hazards. Circuit breakers
and transparency standards support market stability and fairness. These restrictions must be
addressed while supporting technical innovation to navigate financial market changes. In
conclusion, robots and algorithmic trading majorly influence stock market trend research.
These technologies have many advantages, but their limits and legal constraints must be
addressed to provide a stable and fair trading environment.
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