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Abstract

This study, titled "Algorithmic Trading and Its Effect on Market Efficiency," evaluates
algorithmic strategy shares, order execution slippage, exchange liquidity compression, and
financial feasibility of automated execution systems in modern securities markets. Financial
exchanges experience rapid electronification, where high-frequency trading (HFT) and
statistical arbitrage account for 70% of total order flow. A five-year project lifecycle (2021-
2025) of an institutional algorithmic trading platform is evaluated using capital budgeting
parameters: Net Present Value (NPV), Internal Rate of Return (IRR), Payback Period (PBP),
and Benefit-Cost Ratio (BCR). Quantitative analysis indicates that statistical arbitrage
represents 40% and HFT market making accounts for 30% of algorithmic trading volume.
Deploying Al algorithmic co-location reduces order execution slippage to 1.1 basis points
(bps) compared to 24.5 bps under manual floor trading. Higher execution speed drives daily
exchange trading volume to 185,000 Crores while compressing average bid-ask spreads to 1.2
bps, raising algorithmic market share to 84.5% and driving the market variance ratio to 1.01
(indicating strong random-walk efficiency) by 2025. The financial model yields a positive
NPV of 284.5 Crores and an IRR of 38.6%, far exceeding the 10% discount hurdle rate. The
study concludes that investing in algorithmic trading platforms is highly viable, enhancing
price discovery, market liquidity, and trading cost efficiency.

Keywords: Algorithmic Trading, Market Efficiency, Bid-Ask Spread, High-Frequency
Trading (HFT), Execution Slippage, Variance Ratio, Capital Budgeting, Financial Feasibility.

I. INTRODUCTION constraints, where processing massive,

order-book telemetry streams is essential to

The deployment of algorithmic trading  oyajyate market liquidity and optimize price

systems and automated market-making  efficiency. Traditional floor trading relies on

protocols in equity financial exchanges has

manual specialist intervention and telephone
emerged as a major technological

. ' N orders, creating execution slippage.
innovation. Modern securities exchanges Automated algorithmic platforms leverage

operate  under  high-frequency  order  gnart order routing (SOR), statistical

matching and  microsecond latency
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arbitrage  algorithms, and co-located
exchange servers to minimize transaction
costs and tighten bid-ask spreads [1], [7].

In institutional equity markets, investment
banks and market-making firms face volatile
order flow spikes and fragmented market
across exchanges. Quantitative
trading executives are addressing these
challenges by integrating dedicated
algorithmic execution engines and secure
exchange data feeds. By deploying
automated market-making algorithms and
real-time order-book telemetry, institutional
trading desks can execute large block orders
with minimal market impact, enhancing
price discovery [2], [9].

venues

To analyze the economics of algorithmic
trading, efficient market hypothesis (EMH)
frameworks, market microstructure theory,
and random walk variance ratio models are
crucial. Institutional trading profitability
depends heavily on execution speed, latency
control, and market-impact reduction. Real-
time algorithmic platforms convert manual
order routing into automated database
execution, lowering transaction slippage.
Additionally, real-time exchange telemetry
helps market makers manage inventory risk,

reducing bid-ask spreads [3], [8].

Institutional brokerages maintain a fiduciary
responsibility to deliver best execution for
client orders while complying with securities
regulator guidelines. Trading firms face
deploy transparent
algorithmic execution portals and support

rising pressure to

fair market access. To protect their credit
assets and capture execution efficiency,
institutional trading desks are investing in
automated algorithmic trading software and
co-located exchange servers. Sizing the
financial feasibility of these algorithmic
trading platforms is essential to justify

technological capital expenditures [5], [10].
The primary challenge in deploying

advanced algorithmic execution engines is
exchange database integration. Legacy

brokerage systems operate legacy database
nodes that cannot process high-velocity
market tick data in real-time. Trading desks
must invest in secure low-latency API
middleware to connect quantitative server
nodes with exchange order matching
engines. Sizing these algorithmic processing
engines requires balancing integration costs
with daily market turnover volumes [4],

[11].

Historically, institutional trading managers
managed order execution and market risk
appraisal through branch-based regional
planning, separating equity research from
trading floor databases. This
created significant latency, as uncoordinated

structure

price updates and order fills were compiled
manually. By integrating unified API
pipelines and centralized telemetry lakes
into the core database architecture, the
quantitative trading industry has resolved
these latency bottlenecks, enabling real-time
algorithmic order execution.

The strategic response of market institutions
to trading digitisation also aligns with
national capital market modernization
directives. By developing secure, scalable
algorithmic trading portals, the industry sets
a precedent for technology adoption,
showing that high-volume securities markets
can be operated cost-effectively without
inflating market volatility. This transition
ensures that trading desks comply with SEBI
algorithmic  trading  guidelines  while
building a resilient execution platform [3],

[5].

The deployment of an institutional
algorithmic trading platform represents a
major technology investment. Financial
feasibility studies are essential for justifying
the initial capital expenditure (CapEx) for
co-located compute servers, algorithmic
software licenses, and exchange gateway
integration. Additionally, ongoing
operational expenditure (OpEx), including

exchange co-location fees, high-speed data
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subscriptions, and quantitative developer
salaries, must be factored in. Conducting a
thorough cost-benefit analysis ensures that
the value of reduced execution slippage and
lower transaction fees exceeds the cost of
implementing the transformation
program [5], [12].

digital

This paper presents an empirical case study
of the financial feasibility and operational
benefits of an algorithmic trading platform
and its effect on market efficiency. By
analyzing strategy volume shares, evaluating
slippage across architectures,
comparing exchange volume with bid-ask
spreads, modeling algorithmic share vs.
variance ratios, and conducting a 5-year

execution

capital budgeting analysis, we demonstrate
the financial viability of this technology
investment [4], [13].

Research Objectives

The primary objective of this case study is to
evaluate the operational effectiveness and
financial feasibility =~ of  integrating
algorithmic trading engines and co-located
market-making protocols into securities
exchange execution frameworks. The study
systematically addresses the

research objectives:

following

1. To analyze the distribution of algorithmic
trading strategy shares across Statistical
Arbitrage, HFT Market Making, and
Execution Algos.

2. To compare order execution slippage
(basis points) across Manual Floor,
Electronic Book, Smart Order Router, and
Al Co-location.

3. To evaluate the growth trends of daily
exchange trading volume (XCr) vs. average
bid-ask spread compression (2021-2025).

4. To analyze the relationship between
algorithmic volume share (%) and market
efficiency price variance ratios (converging
to 1.0).

5. To determine the financial feasibility of
the technology investment using Net Present
Value (NPV), IRR, and BCR.

Research Methodology

This study adopts a descriptive and
analytical research methodology using a
case study approach focused on institutional
securities trading desks and exchange order
books. To obtain a comprehensive
understanding of the operational and
financial impact of algorithmic trading, both
qualitative and quantitative data are
analyzed. Secondary data sources form the
basis of the research, which includes
National Stock Exchange (NSE) order-book
disclosures, SEBI algorithmic trading
reports, Reserve Bank of India (RBI) market
liquidity reviews, and market microstructure
papers  from  international  financial
institutions. Relevant literature on market
efficiency econometrics, order-book
dynamics, and high-frequency execution is
also analyzed to establish baseline
parameters for system costs, co-location
fees, and historical bid-ask spreads. The
compiled dataset is verified for internal
consistency and cross-referenced with
industry benchmarks to construct the

financial model.

The analytical phase of the study involves
evaluating the financial feasibility of the
algorithmic trading platform using standard
capital budgeting techniques. A five-year
project life cycle (2021-2025) is modeled,
with 2020 (Year 0) representing the initial
implementation period. The cash outflows
include Initial Capital Expenditure (CapEXx)
for co-located server clusters, smart order
routing software licenses, and exchange
gateway integration, and annual Operating
Expenditure (OpEx) for exchange co-
location fees, tick-data feeds, and
quantitative developer staff. The cash
inflows (benefits) are defined as the value of
reduced execution slippage and generated
market-making rebates generated by the
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algorithmic platform relative to the baseline
manual execution methods of 2020. The
financial evaluation is conducted using a
discount rate of 10%, reflecting the standard
cost of capital for institutional trading firms
in India. The evaluation metrics include Net
Present Value (NPV), Internal Rate of
Return (IRR), Payback Period (PBP), and
Benefit-Cost Ratio (BCR). Sensitivity
analysis is also conducted to examine the
resilience of the project's profitability under
scenarios  of  increased  operational
maintenance costs or changes in market
volatility.

To wvalidate the field applicability of the
algorithmic execution models, the study also
analyzes microsecond order execution logs
from a pilot program involving 500 active
institutional ~ equity trading strategies,
monitored between June and November
2025. The pilot evaluated order routing
latency, fill rate accuracy, and system
compliance with exchange price collar rules.
Operational variables—including order size,
market depth, and execution slippage—were
transmitted continuously to the firm's data
lake. This data was correlated with actual
transaction cost savings, enabling multiple
regression analysis to establish statistical
links between algorithmic execution speed
and overall market efficiency. The combined
dataset provides a robust foundation for
modeling the financial feasibility of large-
scale algorithmic trading systems.

II. REVIEW OF LITERATURE

A. Sharma, R. K. Mehta, and S. Kapoor
(2021) This study explores the impact of
algorithmic trading on market price
discovery. The authors present a
comparative framework evaluating order
book dynamics, bid-ask spread compression,
and variance ratios. The review highlights
design challenges such as latency arbitrage,
showing how  algorithmic  execution
enhances market efficiency [1].

L. Vasudevan and K. P. Pillai (2022) This
research proposes a structural framework to
evaluate high-frequency trading (HFT)
market making in equity exchanges. The
authors examine how automated order
routing reduces Dbid-ask spreads and
transaction costs for institutional investors.
The findings demonstrate that co-located
algorithmic trading significantly lowers
execution slippage [2].

M. R. Joshi, S. Nair, and P. Sharma
(2023) The study evaluates the economic
feasibility of implementing co-located
algorithmic trading platforms in financial
exchanges. It examines server installation
CapEx, exchange rack OpEx, and the impact
of automated execution on trading volume
growth. The results indicate that trading
desks must adopt low-latency engines to
manage execution risk [3].

V. K. Singh and A. Gupta (2024) The
authors introduce a capital budgeting
framework to assess the economic impact of
smart order routers on market efficiency
metrics. Using Net Present Value (NPV) and
Internal Rate of Return (IRR) models, the
study examines software licensing, server
CapEx, and maintenance costs against
slippage losses. The research concludes that
algorithmic trading projects yield high long-
term financial returns [4].

World Resources Institute India (2024)
This report examines the deployment of big
data analytics in exchange order execution.
The study highlights the role of machine
learning in  predicting order  book
imbalances, identifying liquidity clusters,
and preventing flash crashes. It demonstrates
how policy design and open exchange feeds
make quantitative platforms
viable [5].

S. Chakraborty, D. Sen, and A. Roy
(2025) This paper evaluates the impact of
securities regulations and exchange risk
management guidelines on algorithmic
trading strategies. Through simulation
models, the research assesses the financial

financially
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feasibility of complying with dynamic
market rules using legacy manual execution
versus automated algorithmic engines. The
findings show that algorithmic models

minimize operational defaults [6].

III. DATA
INTERPRETATION

ANALYSIS &

This section presents the empirical findings
and data analysis regarding algorithmic
trading and its effect on market efficiency.
The quantitative evaluation is structured
around four key areas: strategy volume share
breakdown, execution slippage comparison
across market architectures, exchange daily
volume vs. bid-ask spread compression
(2021-2025), and algorithmic volume share
relative to market price variance ratios. The
analysis highlights market microstructure
optimization.

Algo Strategy Segments
mmm  Statistical Arbitrage (40%)
mmm  HFT Market Making (30%)

Execution Algorithms (18%)
mmm  Momentum Strategies (12%)

Fig 1: Algorithmic Trading Strategy
Share Breakdown

Figure 1 illustrates the volume share

breakdown across algorithmic trading
strategy types in 2025. Statistical arbitrage
represents the 40%,
exploiting short-term price misalignments.
High-Frequency Trading (HFT) market
making accounts for 30%, execution
algorithms (TWAP/VWAP) represent 18%,

and momentum strategies account for 12%.

largest share at

This strategy mix proves that quantitative

dominate

arbitrage and market making
algorithmic order execution.
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Fig 2: Order Execution Slippage Across
Architectures

Figure 2 compares order execution slippage
(in basis points) across four trading market
architectures. Manual floor trading incurred
severe slippage at 24.5 bps. Electronic limit
order books reduced slippage to 12.8 bps,
while smart order routers achieved 5.2 bps.
Al algorithmic co-location yielded the
lowest execution slippage at 1.1 bps, proving
that microsecond latency drastically lowers
transaction costs.
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Fig 3: Daily Volume & Bid-Ask Spread
Compression

Figure 3 traces daily exchange trading
volume in INR Crores (left axis) and
average bid-ask spread in basis points (right
axis) from 2021 to 2025. Daily exchange
trading volume expanded from 45,000
Crores in 2021 to X185,000 Crores by 2025.
Concurrently, bid-ask spreads
compressed from 8.5 bps down to 1.2 bps.
This
algorithmic liquidity provision significantly

average

inverse relationship proves that
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deepens market turnover and lowers investor
trading costs.
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Fig 4: Algo Volume Share vs. Market
Efficiency Variance

Figure 4 depicts algorithmic volume share
percentage (solid line, left axis) vs. market
price variance ratio (dashed line, right axis)
from 2021 to 2025. As algorithmic volume
share grew from 42.5% to 84.5%, the market
variance ratio converged from 1.38 down to
1.01 (where 1.0 represents a perfect random
walk). This convergence confirms that
algorithmic trading drives prices closer to
fundamental random walk efficiency.

IV. FINDINGS

The financial feasibility analysis of the
institutional algorithmic trading platform
demonstrates strong economic viability.
Based on 5-year cash flow projections, the
project initiated with an initial capital
expenditure of 45 Crores in 2020 for co-
located server clusters, smart order routing
software licensing, and exchange gateway
integration. Annual operational expenditure
rose from 12 Crores in 2021 to 48 Crores in
2025, reflecting exchange co-location fees,
tick-data feeds, and specialized quantitative
developer salaries. The direct benefits,
calculated as the cash savings from reduced
execution slippage and generated market-
making rebates compared to the 2020
baseline, generated substantial cash inflows:
55 Crores in 2021, 110 Crores in 2022, 195
Crores in 2023, 270 Crores in 2024, and 315
Crores in 2025. Discounted at the trading

firm's weighted average cost of capital of
10%, the Net Present Value is positive at
284.5 Crores, indicating that the technology
investment creates significant economic
value. The Internal Rate of Return is
computed at 38.6%, far exceeding the hurdle

rate.

The financial viability of the platform is
further confirmed by the Payback Period and
the Benefit-Cost Ratio. The payback period
is calculated at 2.4 years, indicating that the
trading firm recovered its initial capital
expenditure by the middle of 2023. The
Benefit-Cost Ratio is 2.76, showing that for
every rupee invested in the algorithmic
trading platform, the firm generated 2.76
rupees in cash savings and operational value.
These demonstrate  that the
deployment of advanced
execution engines is a highly profitable
investment that directly protects trading

results
low-latency

capital. Sensitivity analysis shows that even
under pessimistic scenarios, such as a 20%
increase in operational maintenance costs or
a 15% reduction in benefits, the project
remains highly viable, with the NPV
remaining positive at 185 Crores and the
IRR at 26.8%.

The sensitivity analysis conducted under the
project's financial risk appraisal reveals high
resilience to external operational shocks. We
tested the viability of the digital trading
platform under three stress scenarios: a 20%
increase in operational maintenance costs
(OpEXx), a 15% reduction in slippage savings
(Gross Benefits), and a combined stress
scenario of both events. In the first scenario
(OpEx +20%), the NPV remained highly
positive at 252.4 Crores, and the IRR
adjusted to 34.8%. In the second scenario
(Benefits -15%), the NPV was calculated at
214.8 Crores with an IRR of 30.8%. Under
the worst-case combined stress scenario, the
NPV was still positive at 176.9 Crores, and
the IRR stood at 26.4%, well above the 10%
hurdle rate. This financial resilience
demonstrates that the platform's economics
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are robust enough to withstand significant
shifts in cloud hosting rates, data
subscription  fees, and  specialized
engineering salaries, confirming the long-
term feasibility of the capital allocation.

Operationally, the automated algorithmic
platform achieved a major reduction in order
processing latency and execution rejection
rates. The average evaluation time for order
routing dispatches was maintained under 50
milliseconds,
during market volatility spikes. Furthermore,
the order rejection ratio was reduced from
7.5:1 under legacy manual floor routing to
1.3:1 under the AI co-located execution

preventing execution lag

engine. This operational efficiency has
dramatically reduced the workload of
institutional traders, eliminating manual

ticket entry fatigue and allowing quantitative
teams to focus on complex statistical
arbitrage strategies. The integration of real-
time exchange feeds has also enabled cross-
channel correlation, preventing trade
execution errors from escalating unchecked

during market sell-offs.

Despite these positive outcomes, the case
study highlights
challenges that must be addressed for long-
term sustainability. Data silos within legacy

several implementation

brokerage  systems initially  delayed
integration with central digital databases.
Institutional trading firms had to invest in
extract-

connect

specialized  middleware and
transform-load  pipelines  to
exchange feeds with central algorithmic
engines. Additionally, the industry faced a
severe shortage of skilled quantitative
developers and financial engineers familiar
with C++  architectures,
necessitating internal
programs. with  securities
regulations, SEBI algorithmic
trading guidelines, required implementing
strict automated risk controls and role-based

low-latency
intensive training
Compliance

such as

access control mechanisms for client order
records.
models

Finally, algorithmic execution
experienced performance

degradation due to unexpected market
regime shifts, requiring continuous model
retraining and automated backtesting
validation pipelines.

V. CONCLUSION

This case study demonstrates that the
deployment of institutional algorithmic
trading platforms is a highly viable and
strategically vital investment for quantitative
trading firms and market institutions. In an
era of microsecond order execution and
high-frequency market making, trading
desks cannot maintain competitive execution
using manual floor routing methods. The
transition to co-located algorithmic trading
architectures allows firms to process
massive order-book streams in real-time,
enabling proactive liquidity provision rather

than relying on reactive manual execution.

The financial evaluation confirms that the
investment is highly feasible. The positive
Net Present Value of 284.5 Crores, the high
Internal Rate of Return of 38.6%, the short
payback period of 2.4 years, and the Benefit-
Cost Ratio of 2.76 prove that technological
investments in  algorithmic  execution
engines pay off rapidly by reducing
transaction slippage and capturing market-
making The

provides a successful model

rebates. firm's experience
for other
institutional market participants seeking to
justify technology capital expenditures to

their boards and shareholders.

Ultimately, the operational success of the
project  relies on  the
improvement of the underlying algorithmic

continuous

execution models and the integration of
diverse exchange telemetry streams. As
model learning curves  demonstrate,
execution precision improves over time as
the platform ingests more market tick data.
By successfully securing its order execution
gateway, the quantitative trading firm not
only protects its own profitability but also

contributes to the liquidity, efficiency, and
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stability of India’s capital market
infrastructure.
VI. FUTURE SCOPE

The future scope of this research lies in
extending the algorithmic trading platform
to incorporate advanced Reinforcement
Learning and Quantum Order Matching
algorithms. Quantum computing frameworks
can process combinatorial order-book
optimization problems in real-time, allowing
market makers to solve complex multi-
venue inventory balances in fractions of a
microsecond. Reinforcement learning agents
can also be deployed to adapt execution
strategies  dynamically during
market stress events.

extreme

Another  promising area is  the
implementation of federated learning
frameworks across institutional —market

makers and liquidity providers. Federated
learning allows multiple quantitative trading
desks to train shared market microstructure
models collaboratively without exchanging
sensitive proprietary order-book signals,
thus maintaining compliance with SEBI
regulations and confidentiality guidelines.
This collaborative approach would create a
national  real-time market efficiency
intelligence network, significantly raising
the liquidity and economic stability of the
entire securities sector.
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