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Abstract: Algorithm trading is one of the most hyped and
popular concepts and the major hype this concept got is in the past
decade as in the human base is continuously being replaced by the
artificial intelligence the same way it has just disrupted the
complete trading mechanism in the financial markets. The gradual
change that the establishment of the algorithmic trade completely
change the way of trading in the market as a subset of the algo
trading the establishment of the digital basis of trading also came
up and the online trading made the general public aware about the
financial market and through online broker now everyone can
trade from the comfort of their home and as a part when the
system is intelligent enough to push order it turns to algo trading.
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1. Background of the Study

The concept of algorithmic trading has gained immense
popularity in the past decade, as the establishment of the
algorithmic trade has completely changed the way of trading in
the market. The gradual change that the establishment of the
algorithmic trade brought about completely changed the way of
trading in the market. As a subset of the algo trading, the
establishment of the digital basis of trading also came up, and
online trading made the public aware of the financial market.
Through online brokers, now everyone can trade from the
comfort of their home, and when the system is intelligent
enough to push orders, it turns to algo trading. However, the
establishment of algo trading has also raised concerns about its
impact on market volatility. This research paper aims to
investigate the impact of algorithmic trading on market
volatility, considering both positive and negative effects. The
research methodology involves a mixed-methods approach,
combining quantitative and qualitative methods for a
comprehensive understanding.

A. Objectives

1. Investigate the relationship between algorithmic
trading strategies and market volatility.

2. Assess the impact of high-frequency trading on market
volatility and stability.

3. Evaluate the regulatory responses and market
dynamics in the context of algorithmic trading and
high-frequency trading.
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B. Research Question
Does the Algo trading make the stock market even more
volatile?

C. Research Design

1) Research Methodology

The research methodology for the impact of algorithmic
trading in financial markets, considering both positive and
negative effects, involves a mixed-methods approach,
combining quantitative and qualitative methods for a
comprehensive understanding.

a) Quantitative Analysis

e Data Collection:

o Historical market data (prices, volumes,
volatility) from multiple markets and asset
classes.

o Algorithm trading activity data (if available),
categorized by strategy and frequency.

o Regulatory filings and reports on algo trading
practices.

e  Econometric Analysis:

o Regression models to assess the relationship
between algo trading activity and various
market metrics (e.g., liquidity, volatility,
price efficiency).

o Event studies to analyse the impact of
specific algo trading events (e.g., "flash
crashes").

e Time Series Analysis:

o Identify potential co-movements and causal
relationships between algo trading and
market dynamics.

e  Document Analysis:

o Academic research papers, industry reports
from EBSCO data base and JSTOR, and
news articles on algo trading.

e Content Analysis:

o Public discourse on social media and
financial forums to gauge public perception
of algo trading.

b) Ethical Considerations

e Anonymize data and protect sensitive information.
e Be transparent about data sources, limitations, and
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potential biases.
¢) Research Scope
e  Specify the time-period and markets of interest.
e Define the types of algo trading strategies considered.
e Focus on specific impacts (e.g., on liquidity, volatility,
fairness) depending on research objectives.
2) Additional Considerations
e Address data limitations, as algo trading activity data
is often not public.
e Account for potential endogeneity issues when
analysing causal relationships.
e Utilize advanced statistical techniques for complex
data analysis.
e Present findings in a clear, concise, and accessible
manner for both academic and practitioner audiences.
This comprehensive research methodology aims to provide a
well-rounded understanding of the impact of algorithmic
trading in financial markets, while also ensuring ethical and
transparent research practices.

2. Literature Review

In a paper by Agnihotri et al. described that in the last decade
the Algo trading concept is highly embraced though it is meant
to increase liquidity & efficiency in hedging and not to increase
the volatility. (Agnihotri, 2023)

In a paper by Guo, Ce et al. they described how the Al and
IoT lead portfolios or manage portfolios can bring subtleness
into a long-term portfolio & can generate profits in
comparatively lesser cost as professional portfolio manager
providing equivalent returns, so it is one of the best outcomings
for household portfolios. (Guo et al., 2021)

In a paper by Wang, Trans; they mentioned what is the
meaning of informed finance, the particularity in that is an
informed investor & a trader where they lake informed decision
based on expects of market. (Wang, 2020)

Several studies highlight the positive contributions of algo
trading. Papers by Kirilenko et al. (2017) [1] and Gomila et al.
(2018) [2] suggest that algo trading improves market efficiency
by facilitating faster execution and tighter spreads. This
efficiency translates to lower transaction costs and potentially
better outcomes for investors. Furthermore, Harris (2009) [3]
finds evidence that algo trading contributes to increased
liquidity, particularly for large orders. This increased liquidity
can benefit all market participants by improving price discovery
and reducing bid-ask spreads.

In a paper published by Pothumsetty, they discussed impact
of algorithmic trading on financial markets. Algorithmic
trading uses computer programs to automate trades based on
preset rules. This technology has increased the speed and
efficiency of trading, and it is expected to become even more
sophisticated in the future.

A paper published by Ramkumar. It shows how algorithmic
trading uses computer programs to follow pre-defined rules to
trade stocks at high speed. This is becoming increasingly
popular, especially for large investors who need to trade large
volumes of shares.
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However, concerns exist regarding the potential for algo
trading, particularly high-frequency trading (HFT) as a subset,
to exacerbate market volatility. Avellaneda and MacBeth
(2016) [4] argue that HFT can contribute to short-term
volatility, potentially amplifying market movements and
creating a more difficult trading environment. Additionally,
Kirilenko et al. (2017) [1] acknowledge concerns about
potential flash crashes triggered by rapid and complex
algorithmic interactions, although pinpointing the exact causes
remains an area of ongoing research.

The impact of algo trading on price discovery and market
fairness is still under debate. Some studies, like Boehmer and
Boehmer (2013) [5], suggest that algo trading has minimal
impact on price discovery, arguing that efficient algorithms
simply react to existing information rather than manipulate the
market. However, Biais et al. (2015) [6] raise concerns about
potential manipulative practices and unfair advantages for algo
traders with access to superior technology and data. They argue
that the speed and complexity of algorithmic strategies can
create an uneven playing field for individual investors and raise
ethical considerations regarding market fairness.

The increasing prevalence of algorithmic trading has spurred
discussions about the need for, and nature of, appropriate
regulatory frameworks. Lo (2016) [7] advocates for a balance
between fostering innovation in algorithmic trading and
mitigating potential risks, such as market manipulation and
systemic instability. Kirilenko et al. (2017) [1] emphasize the
importance of promoting transparency and implementing
robust regulatory frameworks to maintain market integrity
while fostering a healthy and fair market environment.

There is a drawback into the research done and that is only
the positive aspects of the algo trading are explored & negative
ones such as possible, beams are yet to be explored therefore
will be focusing on that fort in this research.

In the further part of the research, we will be going ahead
with the research question and then will go forward with the
hypothesis and will follow through with the research design, the
interpretation, and the conclusion.

A. Hypothesis

HO: There is no relation between Algo trading and Volatility
in the market.

H1: There is a relationship between algo trading and market
volatility.

3. Analysis

A. Understanding Algorithmic Trading and High-Frequency
Trading
1) Algorithmic Trading

Algorithmic trading refers to the use of computer algorithms
to automate the process of trading financial instruments. These
algorithms are designed to analyse market data, identify trading
opportunities, and execute orders at optimal prices. The key
objectives of algorithmic trading include improving trading
efficiency, minimizing market impact, and capitalizing on price
discrepancies.

Examples of algorithmic trading strategies include:
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Trend Following: Algorithms that identify and capitalize on
trends in asset prices.

Mean Reversion: Algorithms that exploit the tendency of
prices to revert to their historical average.

Arbitrage: Strategies that take advantage of price differences
between different markets or financial instruments.

Frequency Percent ValidPercent CumulativePercent
Less scope for mistakes 18 36 36 36!
Itfilters i and unimportant ile trading 14 28 28 64
Determines right time and right market to trade 14 28 28 92
It enables trading in variety of markets 4 8 8 100
Total 50 100 100

Fig. 1.

2) High-Frequency Trading (HFT)

High-frequency trading is a subset of algorithmic trading
characterized by extremely rapid order execution, typically
involving many orders executed at high speeds. HFT strategies
aim to exploit short-term market inefficiencies and price
discrepancies, often holding positions for very brief durations,
sometimes only milliseconds.

Examples of high-frequency trading strategies include:

Market Making: HFT firms provide liquidity to the market
by continuously quoting bid and ask prices, profiting from the
bid-ask spread.

Statistical Arbitrage: Strategies that involve the use of
statistical models to identify short-term mispricing.

Pairs Trading: ldentifying correlated assets and executing
rapid trades when deviations occur in their historical
relationship.

3) Characteristics

1. Exceedingly high number of orders: HFT involves
executing an exceptionally substantial number of
orders within a fleeting period, taking advantage of
small price differentials.

2. Rapid order cancellation: HFT algorithms frequently
enter and cancel orders swiftly, exploiting market
microstructure to assess real-time price movements
and adjust strategies accordingly.

3. Proprietary trading: HFT firms engage in proprietary
trading, using their own capital to execute trades and
capitalize on market inefficiencies.

4. Profit from buying and selling (as an intermediary):
HFT strategies aim to profit from the bid-ask spread,
buying at the lower price, and selling at the higher
price, acting as intermediaries in the market.

5. No significant position at the end of the day (flat
position): HFT firms typically close their positions by
the end of the trading day to avoid overnight risks,
maintaining a flat position.

6. Short holding periods: HFT involves extremely short
holding periods, often measured in milliseconds or
microseconds, reflecting the goal of capitalizing on
quick price fluctuations.

7. Extracting extremely low margins per trade: HFT
focuses on capturing minimal price differentials per
trade, accumulating profits through the high volume of
executed trades.
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8. Low latency requirement: Low latency is crucial for
HFT, as it enables rapid order execution and
minimizes the time between market data updates and
trade execution.

9. Use of co-location/proximity services and individual
data feeds: HFT firms often collocate their servers
near exchange infrastructure to reduce latency. They
also subscribe to individual data feeds to receive
market information faster than standard feeds.

10. Focus on high liquid instruments: HFT strategies
primarily target highly liquid financial instruments,
ensuring the ability to execute large volumes of trades
without significantly impacting prices.

4) Commonality between HFT and AT

1. Pre-designed trading decisions: Both HFT and AT
involve the use of pre-designed algorithms or
strategies for making trading decisions. These
algorithms are based on predefined rules and criteria.

2. Used by professional traders: HFT and AT are utilized
by professional traders and institutions in the financial
markets. These traders employ algorithmic strategies
to execute trades efficiently and systematically.

3. Observing market data in real-time: Both types of
trading heavily rely on real-time market data. The
algorithms continuously monitor and analyse market
information, making rapid decisions based on the
latest data.

4. Automated order submission: Automation is a key
aspect of both HFT and AT. Orders are automatically
generated and submitted to the market based on the
algorithms' trading signals.

5. Automated order management: Both HFT and AT
involve automated order management, where the
algorithms manage various aspects of order execution,
including routing, timing, and size.

6. Without human intervention: Both HFT and AT
operate with minimal or no human intervention during
the actual trading process. The algorithms execute
trades autonomously based on predefined rules.

7. Use of direct market access: Direct Market Access
(DMA) is a common feature in both HFT and AT. It
allows traders to directly connect to financial
exchanges, bypassing traditional brokerage channels
and reducing latency in order execution.

B. The Interplay with Market Volatility

1) Impact of Algorithmic Trading on Volatility
a) Increased Liquidity:

Algorithmic trading, especially market-making strategies,
contributes to market liquidity by providing continuous buy and
sell quotes. This can have a dampening effect on volatility as
increased liquidity tends to smooth price movements.

Example: Market-making algorithms in electronic exchanges
ensure that there are constantly available buyers and sellers,
preventing drastic price fluctuations due to a lack of liquidity.
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b) Execution Strategies and Volatility:

Different algorithmic trading strategies have varying impacts
on market volatility. For instance, trend-following algorithms
may exacerbate trends, contributing to higher volatility, while
mean-reversion strategies may have a stabilizing effect.
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Fig. 2.

Example: During a strong uptrend, algorithmic trend-
following strategies might intensify the upward movement as
they automatically respond to price momentum.

¢) Algorithmic Herding:

Algorithmic trading can lead to herding behaviour, where
similar algorithms respond to the same market signals
simultaneously. This herd behaviour can amplify price
movements and contribute to increased volatility.

Example: If a sudden price movement triggers multiple stop-
loss orders set by algorithmic traders, it can lead to a cascade
effect, causing a rapid and exaggerated price change.

C. Impact of High-Frequency Trading on Volatility

1) Microstructure Effects

HFT operates at the microsecond level, influencing the
market's microstructure. The rapid execution of orders by HFT
firms can lead to fluctuations in prices, creating short-term
volatility at the micro-level.

Example: HFT firms engaging in quote stuffing, where many
orders are placed and cancelled rapidly, can create short-lived
bursts of volatility.
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2) Liquidity Provision

HFT firms often function as liquidity providers, narrowing
bid-ask spreads and enhancing market liquidity. This liquidity
provision can contribute to overall market stability by reducing
the impact of large trades on prices.

Example: In a market where HF T firms are actively involved,
the bid-ask spread may be consistently tight, limiting abrupt
price changes.

(d) 250 Milliseconds

—— ES Midpoint

1120 -] H |
i
[\

1119

(SPY)

Index Points (ES)

’
Index Points

1115 -] g - 1124

mr T i

13:51:39.500  13:51:39.550  13:51:39.600  13:51:39650  13:51:39.700  13:51:39.750
Time (CT)

Fig. 4.

3) Flash Crashes and Systemic Risks

The speed and interconnectedness of HFT systems can
contribute to flash crashes — rapid and severe market downturns
followed by quick recoveries. The increased complexity and
interdependence of algorithms can also pose systemic risks.

Example: The "Flash Crash" of May 6, 2010, saw the U.S.
stock market experience a rapid and temporary collapse, partly
attributed to HFT algorithms reacting to market conditions.
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D. Regulatory Responses and Market Dynamics

1) Regulatory Responses

The impact of algorithmic trading and HFT on market
volatility has prompted regulatory bodies worldwide to develop
and implement measures to maintain market integrity and
stability.

Circuit Breakers: Stock exchanges often implement circuit
breakers, which are temporary halts in trading triggered by
large price movements. These mechanisms aim to prevent
extreme volatility and provide market participants with time to
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reassess their positions.

Market Surveillance: Regulatory authorities employ
sophisticated surveillance systems to monitor trading activities,
identify irregularities, and prevent market manipulation. This
includes the tracking of algorithmic behaviour and the
enforcement of fair-trading practices.

Minimum Resting Times: Some regulators have considered
implementing minimum resting times for orders, aiming to
prevent rapid order cancellations and reduce the potential for
excessive volatility.

2) Market Dynamics

The relationship between algorithmic trading, HFT, and
market volatility is dynamic and subject to various influences.

Technological ~ Advances: Ongoing  technological
advancements continue to shape the landscape of algorithmic
trading. The development of more sophisticated algorithms and
faster execution systems may further impact market dynamics.

Market Conditions: The level of market volatility itself can
influence the behaviour of algorithmic traders. In highly
volatile conditions, certain algorithms may become more
conservative or adjust their parameters to mitigate risks.

Investor Sentiment: Algorithmic trading systems often
incorporate sentiment analysis to gauge investor mood. Sudden
shifts in sentiment can trigger algorithmic responses,
contributing to increased volatility.

Descriptive Statistics

N Mean Std. Deviation
Execution Consistency 50 4.66) 0.479
Ability to back test 50 4.64] 0.485
Speed and Anonymity 50 4.64) 0.485)
Price improvements 50.00 4.62 0.53]
Commission rates 50.00 4.62 0.53
Matches pre trade estimates 50.00 4.60] 0.61
Customization 50.00 4.60 0.61
Ease of use 50.00 4.60] 0.61
Increases trader productivity 50.00 4.50 0.68
Eliminates human emotions 50.00 4.44 0.84

Fig. 6.

Value of global equity trading worldwide from 1st quarter 2017 to 4th quarter 2021
(in trillion U.S. dollars)

DOWNLOAD

@ 2018

2422

Region
Worldwid
Survey time period
Q120171004 2021
Supplementary notes

The
hrc

Fig. 7.

Algorithmic trading and high-frequency trading have
undeniably transformed the landscape of financial markets,
introducing efficiency, liquidity, and new challenges. The
relationship between these trading strategies and market
volatility is multifaceted, with impacts ranging from increased
liquidity and price stability to the potential for flash crashes and
systemic risks. Regulators play a crucial role in maintaining a
balance between innovation and market integrity through the
implementation of rules and surveillance mechanisms.

As financial markets continue to evolve, so too will the
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relationship between algorithmic trading, high-frequency
trading, and market volatility. Ongoing research, monitoring,
and regulatory adjustments will be necessary to ensure that
these technological advancements contribute positively to
market dynamics without compromising stability and fairness.
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Players in Algo Trading:

e High-Frequency Trading (HFT) Firms: Virtu
Financial, Citadel Securities, and Tower Research
Capital are among the prominent HFT firms. They
specialize in ultra-fast trading strategies, leveraging
sophisticated algorithms and high-speed connections
to execute trades within microseconds.

e Investment Banks and Hedge Funds:

o Goldman Sachs, JPMorgan Chase, Morgan
Stanley, and other large investment banks
have dedicated algo trading desks. They
develop proprietary trading algorithms and
strategies for their clients and internal trading
operations.

o Hedge funds like Renaissance Technologies
and Two Sigma are known for their
quantitative trading approaches, using
advanced mathematical models and Al to
generate trading signals.

e Market-Making Firms: Susquehanna International
Group (SIG) and Optivar are major market-making
firms involved in providing liquidity to the markets.
They use algorithms to continuously quote bid and ask
prices, profiting from the bid-ask spread.

e Proprietary Trading Firms: DRW, Jane Street, and
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Hudson River Trading are well-known proprietary
trading firms engaging in various trading strategies,
including statistical arbitrage, volatility trading, and
trend following, using advanced algorithms.

e Technology and Software Providers: Bloomberg,
Thomson Reuters (now Refinitiv), and Flex Trade are
influential in providing trading platforms, analytics,
and algorithmic trading solutions to financial
institutions and traders worldwide.

e FElectronic Market Makers and Exchanges: CME
Group, Nasdaq, and Intercontinental Exchange (ICE)
operate electronic trading platforms and provide
access to market data and execution services, catering
to algorithmic traders.

e Quantitative Trading Research Firms: Quant Connect,
Quantopian (acquired by Robinhood), and World
Quant engage in quantitative research, offering
platforms and tools for algorithm development and
back testing.

e Technology and Infrastructure Providers: Amazon
Web Services (AWS), Google Cloud Platform, and
other tech giants offer cloud computing services,
crucial for hosting and processing vast amounts of data
used in algo trading.

E. Evolution of Algo Trading

The evolution of algorithmic trading (algo trading) has been
a dynamic process driven by technological advancements,
regulatory changes, and shifts in market dynamics. Here is a
general overview of the key stages in the evolution of algo
trading;:
1) Manual Trading to Rule-Based Systems:

1. Early forms of algorithmic trading involved traders
manually entering and executing orders based on
predefined rules.

2. Rule-based systems emerged to automate the
execution of trades based on specific criteria, such as
price or volume thresholds.

2) Introduction of Electronic Exchanges

The advent of electronic exchanges in the 1990s facilitated
the transition to algorithmic trading. Automated order matching
systems replaced traditional floor trading.
3) Algorithmic Trading Strategies and Quantitative Models

1. As computing power increased, so did the complexity
of algorithms. Quantitative models and statistical
arbitrage strategies became more prevalent.

2. Traders began using mathematical models to analyse
historical data, identify patterns, and develop
algorithmic strategies.

4) High-Frequency Trading (HFT):

1. The early 2000s saw the rise of High-Frequency
Trading, characterized by extremely fast execution
speeds, high order-to-trade ratios, and low-latency
strategies.

2. HFT firms leveraged advanced technologies,
including co-location, to gain a competitive edge in
terms of speed.
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5) Market Fragmentation and Regulation:

1. The proliferation of electronic trading platforms led to
market fragmentation.  Regulators introduced
measures to address concerns related to market
stability, fairness, and transparency.

2. Regulatory changes, such as the Markets in Financial
Instruments Directive (MiFID) in Europe, impacted
algo trading practices.

6) Machine Learning and Artificial Intelligence (Al):

1. The adoption of machine learning and Al in algo
trading gained momentum. These technologies
allowed algorithms to adapt, learn from data, and
improve over time.

2. Deep learning and neural networks became
increasingly popular for analysing complex data sets.

7) Smart Order Routing and Best Execution:

1. Algo trading systems evolved to incorporate smart
order routing algorithms that optimize trade execution
across multiple venues.

2. Emphasis on achieving best execution became a key
consideration for algo traders.

8) Cryptocurrency and Alternative Assets:

1. Algo trading expanded beyond traditional financial
markets to include cryptocurrencies and other
alternative assets.

2. The unique characteristics of digital assets, such as
24/7 markets and high volatility, presented new
challenges and opportunities for algo traders.

9) Risk Management and Compliance:

The focus on risk management and compliance increased,
with algo traders incorporating safeguards to manage potential
risks associated with automated trading.

10) Continued Technological Advancements:

1. Ongoing advancements in technologies like cloud
computing, big data analytics, and blockchain
continue to shape the landscape of algo trading.

2. Algo trading strategies are becoming more
sophisticated, incorporating a combination of
quantitative models, machine learning, and real-time
data analysis.

F. Advantages

The advantages of the Internet of Things (IoT) can be
summarized as follows:

e Inventory Tracking and Management: [oT enables
real-time tracking and management of inventory.
Sensors and connected devices help monitor stock
levels, reducing errors and optimizing supply chain
processes.

e Data Sharing and Interpretation: IoT facilitates
seamless sharing and interpretation of data across
various devices and systems. Improved data
accessibility and analysis contribute to better decision-
making processes.

e  Productivity and Efficiency: Implementation of IoT
devices enhances overall productivity and efficiency
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in various processes. Automation and data-driven
insights streamline operations, leading to time and cost
savings.

e Remote Work: IoT technologies support remote work
by providing connectivity and control over devices
and systems from distinct locations. This contributes
to flexibility in work arrangements and improved
accessibility.

e  Skilled Workers: IoT empowers workers with the tools
and information they need to perform tasks more
efficiently. Access to real-time data and insights
enhances the capabilities of skilled workers, leading to
increased effectiveness.

G. [oT Application in Finance

Debt Collection: Debt collection from individual and
enterprise borrowers can be resource-intensive for financial
institutions. Leveraging [oT sensors and networks to monitor
the operations and supply chain activities of debtor businesses
can help financial service institutions (FSIs) assess their
readiness to pay. This approach aims to reduce overhead costs
associated with traditional methods, such as cheque failures.
Additionally, an IoT network involving ATMSs, card-readers,
and other point-of-sale devices can be employed to evaluate a
borrower's expenditure and income. This information aids in
determining their ability and intent to repay, enabling the
prevention of further expenditure by defaulters until repayment
occurs.

Fraud Prevention: Fraud prevention is a paramount concern
for financial institutions, prompting continuous investment in
innovative solutions to combat misuse of their services. Major
financial corporations, including HSBC, have successfully
implemented Al-based anti-fraud systems. Given the high
priority of fraud prevention, the integration of [oT is anticipated
to revolutionize this area, offering new and effective strategies
to enhance security and mitigate fraudulent activities.

Technological Trade — The use of various technologies such
as electronic transfers trading and all the above explained and
can be used in the various functions in a trade and any level
starting from the beginning of trade that is starting the trade to
the settlement of it.

After doing analytical research on this topic, it can be
observed that the major use of the Algo based trading is in the
Passive funds where these kinds of mutual funds are being
managed by machines and allocation of money is directly based
on criteria and hence it provides a high level of stability to the
investments.

Based on the market data it can be observed that algo trading
does affect the market volatility as the funds flow as per the
criteria and ends up changing those criteria into a different line
of action for the market.

H. Observations

Algo trading has shown good result in terms of implementing
a designed strategy which makes it a tool of value for big
players in market.

Biggest value that algo trading brings to the table is “timing”
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of execution of the designed strategy which makes it valuable
tool.

Although even after its advance technology and Al
integration, there are certain shortcomings that only a human
can overcome.

Major shortcoming is on ground understanding of market
sentiment which human can understand and AI and
technological algo trading can always be manipulated by
finding loopholes.

4. Conclusion

e Algo trading is contributing towards volatility as it executes
lot more trades than humans due to predetermined rules and
lack of emotions.

e Algo trading is a great tool of utility for automation for big
players in market.

e Biggest utility that algo trading provides is — “timing.”

e Algo trading has shortcomings that only a human can fulfil.

e Combination of human an Algo trading could be the better
approach as both have their value adding factors that solves
the shortcoming of other.
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